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The aim of this article was to evaluate the sensi-
tivity and specificity of electroneuromyography in

patients with a pre-diagnosis of ulnar neuropathy
at the elbow (UNE). This evaluation has high sen-
sitivity and specificity.
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The current study involves the genotyping of
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obesity and related anthropometric and metabolic
traits.

The Effect of Obesity and Body Mass Index on
Post-transplant Renal Graft Function

MS Adelina, NN Ana Maria, I Garcia Garcia,
RF Castillo

Obesity and overweight have adverse effects on
renal grafts after renal transplantation, this paper
investigates the influence of BMI and obesity on
post-transplant renal graft function in 500 patients.

CA 19-9 Could Predict Both Advanced Disease
and Nodal Involvement in Primary Mucinous
Endometrial Cancers

I Selcuk, S Bas, M Oz, E Ozgu, M Turker, H Yalcin,
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Since mucinous endometrial carcinoma is a rare
disease, the parameters related to the extent of the
disease should be clarified. CA-19.9 is an impor-
tant marker for mucinous pathologies, and it
should also be evaluated for mucinous endometrial
cancers.
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Red blood cell distribution width (RDW) is a
measure of hemogram. Nearly one third of COPD
patients have increased RDW levels and exitus
rates are higher in this group. It is suggested that
elevated RDW might be related with increased
mortality in COPD patients.
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R Harman, E Sahin

Although thyroid gland dysfunction (TD), sec-
ondary to interferon treatment in patients with
chronic viral hepatitis B and C (CHB-C), may
develop in a substantial proportion, most of these
are temporary and do not require TD treatment.
Independent risk factors in TD development were
found to be gender and age.
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The beverage industry produces a considerable
quantity of by-products which is rich in solu-
ble sugars, cellulose, hemicellulose, pectin and
essential oils. These are generally discarded but
may be of commercial value. This research was
undertaken to evaluate the potential application
of by-products obtained from a local sorrel and
citrus juice processing plant facility.
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Toxic Metals in Type 2 Diabetic Patients and
Non-diabetic Healthy Control Human Subjects
AR Khan, FR Awan, K Akhtar, M Islam, S Najam,
M Zain, T Siddique

Metals are central to hold the bioactivity of numer-
ous enzymes and proteins on which life is based.
Several previously published studies demonstrat-
ed the functions of transition and trace elements
Fe, Zn, Mg, Cu, Mn and Cr in insulin action
and carbohydrate metabolism. This study aimed
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to assess the interrelationship of some selected
metals such as Mg, Zn, Cu, Cr, Mn, Pb, Ni and
Fe in urines of T2D patients versus non-diabetic
subjects. The findings of this study could provide a
way to explore urinary metal-based marker(s) for
disease pathogenesis and progression.
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This study provides data on the knowledge, atti-
tudes and beliefs of pre-clinical, undergraduate
dental and medical students on pregnancy and
oral health. The data emphasises the need to edu-
cate all preclinical students on dental health and
pregnancy correlations.
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13, n=45138496) were analysed. The male to
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Nanoparticles on Antioxidant System in the
Brain of Diabetic Rats
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The effect of zinc oxide and silver nanoparticles
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antioxidant power.
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EDITORIAL

From Crisis to Collaboration:

Addressing the Neurologist Shortage in the Caribbean and Beyond
A Ali! and P Carlen?

The global shortage of neurologists is no longer a
silent crisis—it is a rapidly worsening threat to public
health, particularly in low- and middle-income coun-
tries (LMICs) and underserved regions of high-income
countries (HICs) such as Canada. Nowhere is this more
evident than in the Caribbean, where access to special-
ist neurological care remains chronically inadequate. In
Jamaica, a country of nearly three million people, only
six full-time neurologists are available, mirroring the
stark neurologist-to-population ratios seen across the
Global South (1).

This situation is not merely a matter of numbers. It
reflects deeper structural blind spots: neurology’s per-
sistent under-representation in national health plans, a
lack of coordinated training and retention strategies, and
an over-reliance on foreign donations, in the form of
temporary Cuban personnel, or temporary solutions that
ignore local realities. These problems are compounded
by ‘neurophobia’ in undergraduate education (2), digital
transitions that sometimes sideline rather than support
clinicians (3), and international initiatives that too often
exclude the voices of those working on the ground, pos-
sibly representing implicit bias (4, 5).

Neurophobia, a term used to describe the fear and
misunderstanding of neurology among medical students
and general practitioners, remains a critical barrier to
neurological workforce expansion (2). It begins early in
medical education, driven by poor neurology teaching,
limited exposure to patients with neurological disor-
ders, and the perception that neurological conditions are
complex and offer little scope for effective intervention.
This negative perception continues into post-graduate
training, deterring new entrants and contributing to attri-
tion. Curricular reform that includes more clinically
accessible teaching, early exposure to role models, and
integration of neurology with other medical disciplines
is essential. National and institutional efforts to address

neurophobia through continuing medical education and
targeted mentorship programmes could help demystify
the specialty and potentially attract more students into
the field.

Compounding this challenge is the rising tide of
burnout among neurologists globally (6, 7). In LMICs,
burnout is exacerbated by inadequate staffing, a lack
of diagnostic tools, overwhelming patient volumes,
and professional isolation. The emotional burden of
caring for chronically ill patients with few treatment
options adds further strain. Without supportive work
environments and access to professional development,
neurologists often feel trapped and undervalued. In the
Caribbean and other LMICs, this leads not only to early
retirement but also to migration. Recognising burnout
as a systemic issue rather than a personal failing is cru-
cial. Investments in peer support networks, sabbaticals
and flexible career pathways are practical interventions.
HICs must also prioritise workforce well-being, espe-
cially in rural and remote communities where service
demands are high and resources scarce (7).

While Canada has greater absolute numbers of neu-
rologists, it too faces inequities especially in remote,
rural and Indigenous communities (8). These challenges,
when juxtaposed with those in the Caribbean, highlight
an opportunity: greater strategic cooperation between
countries with shared histories, similar population health
profiles, and, potentially, complementary strengths.

Despite many attempts by the first author over the
years, mentees who have left for neurological training
only infrequently return, opting to benefit from greater
opportunities—academic and financial—in the places
they have trained. As an example, a Canada—Caribbean
partnership, built around workforce training, shared
digital platforms, cross-border mentorship, and twinned
centres of excellence, could meaningfully address these
chronic shortages. Canadian neurology departments
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2 Neurologist Shortage in the Caribbean and Beyond

could support supervised rotations and remote Continuing
Medical Education for Caribbean trainees. Meanwhile,
suitably trained and licensed Caribbean-based neurolo-
gists could reciprocally help extend care into Canada’s
underserved diaspora populations, participating in col-
laborative telemedicine and Al-driven initiatives tailored
to ethnically diverse populations (9, 10).

We must also reframe how innovation is introduced
in LMICs. Donations of diagnostic equipment without
maintenance contracts, or algorithms trained exclusively
on high-income population data, while worth evaluat-
ing as methods to increase the pace of diagnosis and care
in underserved environments, could do more harm than
good (11). Caribbean nations, like many LMICs, need
investment in infrastructure, not just gadgets. Digital
health strategies such as tele-epilepsy platforms, weara-
ble seizure monitors or Al-powered triage systems, must
be developed and tested with input from local clinicians,
ensuring they reflect our unique epidemiology, cultural
norms and even more mundane logistical issues such as
broadband internet access (12, 13).

Equally essential is valuing the experience of senior
neurologists. In both Canada and the Caribbean, late-
career specialists represent a vital but underutilised
resource. They are repositories of decades of clinical and
institutional knowledge and are often eager to continue
in part-time, teaching or advisory roles. Retaining this
expertise through phased retirement schemes, academic
partnerships and cross-regional mentorship programmes
would yield immediate dividends (6).

The World Health Organization has taken a step
forward with its Intersectoral Global Action Plan
on Epilepsy and Other Neurological Disorders (14).
However, without practical, funded implementation in
LMICs and genuine representation of LMIC profession-
als in decision-making, these initiatives risk becoming
more symbolic than transformational as envisaged.

A critical component of solving this crisis is aligning
neurology policy with broader national development
and financing priorities (15-17). Neurology must be
positioned as central to ageing policy, chronic dis-
ease management and disability services. Integration
into public health strategies, such as linking stroke
prevention to cardiovascular programmes or embed-
ding epilepsy services in maternal and child health,
can improve both cost-efficiency and patient outcomes
(18). Furthermore, ministries of finance and planning
must be made to understand that underinvestment in
neurological care leads to higher long-term costs due
to lost productivity, increased dependency and repeated

hospitalisations. Building this economic argument is
essential for securing sustainable funding. In brief,
brain health is population health. Canada’s health-
financing models offer instructive lessons, including
bundled care, regional integration, and incentives for
rural deployment (19).

Neurologists—indeed physicians in general—in the
Caribbean and other LMICs must be seen not as pas-
sive recipients of aid or training but as co-creators of
solutions. Only by engaging these professionals as
equal partners through shared research networks, policy
advisory roles, and regional leadership will we build
sustainable neurological systems as is now so essential
around the world (5, 20).

In summary, the shortage of neurologists is a global
crisis with local consequences. It impairs not only the
national capacity to manage acute neurological emer-
gencies but also undermines long-term public health
gains through inadequate stroke rehabilitation, epilepsy
management, and dementia care. Multisectoral solutions
combining education, infrastructure, digital innovation
and sustained financing must be urgently pursued if
we are to ensure equitable access to neurological care
in the years to come. Its solution demands a new kind
of partnership: one that bridges borders, centers equity,
and values lived experience as much as technology.
Especially in this time of changing opportunities and
increasing isolationism, the Caribbean and Canada may
be ideally positioned to lead such a model.
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ORIGINAL ARTICLE

Determining the Sensitivity and Specificity of Electroneuromyographic Tests

in Patients with the Prediagnosis of Ulnar Neuropathy at the Elbow
PD Analan, B Leblebici

ABSTRACT

Objective: To assess the sensitivity and specificity of nerve conduction studies (NCS) in patients
pre-diagnosed with ulnar neuropathy at the elbow (UNE).

Method: This study assessed 166 extremities of 124 patients (68 females and 56 males) using
electroneuromyographic (ENMG) testing. Nerve conduction velocity (NCV), sensory nerve
action potential (SNAP) amplitudes, and compound motor action potential (CMAP) ampli-
tudes were obtained by stimulating the abductor digiti minimi (ADM) and first dorsal inter-
osseous (FDI) muscles. Patients were divided into two groups based on the diagnosis made
after ENMG testing, the UNE group (11 patients) and the non-UNE group (114 extremities of
84 patients). The remaining 41 extremities (15 females and 14 males) with non-UNE ENMG
pathologies were excluded from the dataset. Sensitivity and specificity values of the motor
nerve conduction studies at the ADM and FDI muscles were determined. Nerve conduction
velocity of the forearm segment of the ulnar nerve was subtracted mathematically from the
NCV of the elbow segment to determine the effectiveness of the forearm—elbow inter-segmental
velocity difference (FIVD) for the diagnosis of UNE.

Result: Agreement between the pre-diagnosis and the electrophysiological diagnosis of UNE
was 6.7%. Ulnar CMAP amplitudes of the ADM at the elbow segment and SNAP amplitudes
at the elbow segment were similar (p > 0.05). Reduced CMAP amplitude had 100% sensitivity
and specificity. Sensitivity and specificity rates for NCV from the FDI were 99.1 and 81.8%,
respectively, and 98.2 and 90.9%, respectively, from the ADM. Sensorial, ADM and FDI FIVD
sensitivity rates were 81.8%, 81.8% and 72.7%, respectively, and specificity rates were 86.8%,
78.1% and 90.2%, respectively.

Conclusion: Agreement between clinical pre-diagnosis and ENMG diagnosis of UNE was very
low. However, the determination of reduced amplitude and NCV in the elbow segment of the
ulnar nerve using ENMG had high sensitivity and specificity. In such patients, FIVD may be
useful in diagnosing UNE.

Keywords: Electroneuromyography, sensitivity and specificity, ulnar neuropathy at the elbow.

INTRODUCTION ulnar nerve in this region is known as ulnar neuropathy

The ulnar nerve enters the ulnar groove formed between
the medial epicondyle and the olecranon process at
the elbow. The ulnar nerve travels slightly distal to the
groove in the proximal forearm under the tendinous
arch of the two heads of the flexor carpi ulnaris (FCU)
muscle, known as the cubital tunnel. Entrapment of the

at the elbow (UNE) (1).

In patients with UNE, the clinical picture ranges
from intermittent paresthesias in the fourth and fifth
digits to complete sensory loss in the territory of the
ulnar nerve with atrophy and weakness of the ulnar mus-
cles. As the majority of the intrinsic hand muscles are
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ulnar innervated, weakness of these muscles leads to
loss of dexterity and decreased grip and pinch strength
(1, 2). Ulnar neuropathy at the elbow is the second most
common entrapment neuropathy after carpal tunnel syn-
drome (CTS).

Electroneuromyography (ENMG) tests are com-
monly used for the diagnosis of UNE. In addition,
ENMG can be used to determine nerve dysfunction and
its severity (1). In 1999, the American Association of
Electrodiagnostic Medicine (AAEM) published ENMG
application protocols for UNE (3, 4). These ENMG
protocols include sensory and motor nerve conduction
studies (NCS) and needle electromyography (EMGQG)
applications. Motor NCS can be made by recording from
the abductor digiti minimi (ADM) and/or first dorsal
interosseous (FDI) muscles with ulnar nerve innerva-
tions (1). No international agreement has been made
concerning the sensitivity and specificity of electrodi-
agnostic studies for the diagnosis of UNE. Sensitivity
rates have been reported between 37% and 86% and
specificity starting at 95% (2). However, motor NCS
tests have shown different sensitivities and specificities
in the literature (2, 4, 5, 9, 12-14). Some studies have
reported that ENMG of the FDI is more sensitive, others
have suggested that ADM recordings alone are adequate
and yet others advocate taking both recordings. Despite
these various application possibilities, diagnosis may
not be verified in some patients. The results of one elec-
trodiagnostic study showed that 16% of patients with
electrophysiological UNE were not diagnosed in evalu-
ations using only two stimulation sites below and above
the ulnar groove (5).

The present study aims to assess the sensitivity and
specificity of ENMG studies in patients pre-diagnosed
with UNE.

SUBJECTS AND METHOD

This study was approved by the local ethics commit-
tee and written informed consent was obtained from all
participants. Power analysis during the bio-statistical
preliminary assessment indicated a study population of
137 patient extremities. Consequently, this prospective
study included 166 upper extremities of 124 sequen-
tial patients (68 females and 56 males) referred to our
ENMG Clinic.

Inclusion criteria were clinical pre-diagnosis of UNE
in addition to the presence of paresthesia, weakness
or pain in the ulnar nerve territory which worsened or
became more prominent at elbow flexion, and positive
Tinel’s sign at the ulnar groove.

Exclusion criteria were neurological conditions such
as stroke, focal or generalised neuropathies, brachial
plexus lesions, lesions of the ulnar nerve proximal or
distal to the elbow, a history of upper extremity surgery,
trauma or corticosteroid injections for treatment of these
symptoms, and inflammatory or rheumatologic disor-
ders that potentially affected nerve conduction such as
rheumatoid arthritis or gout. Pregnancy, systemic disor-
ders affecting peripheral nerves such as diabetes mellitus
or chronic renal failure, and any abnormalities found via
NCS were also reasons for exclusion.

Patients were divided into two groups based on
diagnosis made after ENMG testing. The UNE group
included 11 patients (six females and five males) and
the non-UNE group consisted of 114 extremities of 84
patients (47 females and 37 males). The remaining 41
extremities of 29 patients (15 females and 14 males)
who had non-UNE ENMG pathologies were excluded
from the dataset and statistical evaluation was performed
based on the two groups.

Nerve Conduction Studies

All tests were performed using a four-channel Medelec
Synergy ENMG system (Oxford Instruments Medical,
Surrey, England).

If the hands of the patients were cool they were
warmed by a hot pack before testing. Patients were
seated on an exam chair and a pillow placed on the lap to
relax the hands. Motor NCS was performed using super-
ficial disc electrodes (Ag/AgCl) of 10 mm diameter and
sensory NCS using ring-shaped recording electrodes.
Stimuli were provided by bipolar electrodes with a dis-
tance of 25 mm between the ends and 6 mm diameter.
The distance between active and reference electrodes in
all ENMG evaluations was 4 cm. A metal ground elec-
trode was placed between the active and stimulating
electrodes.

Motor orthodromic and sensory antidromic stud-
ies of the ulnar and median nerves were performed on
the extremities of complaint of all patients included in
the study. In addition, median nerve palm—wrist seg-
ment NCS were performed in order to assess isolated
UNE. In patients with non-UNE ENMG pathologies,
further ENMG testing was scheduled for diagnosis.
Ulnar NCS was performed with the elbow at 70-90°
flexion in order to prevent subluxation of the nerve in
the ulnar sulcus. For motor nerve conduction studies,
the recording electrode was placed at the belly points of
the ADM and FDI muscles. The reference electrode for
the ADM stimulus was placed immediately distal to the
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5" metacarpophalangeal (MCP) joint and at the middle
of the thumb for the FDI. Stimuli were given from the
wrist, 4-6 cm below and 6—8 cm above the midpoint of
the ulnar sulcus at the elbow, the axilla and at the Erb’s
point. When giving stimulus from the wrist to the ADM,
the distance between the recording electrodes was
adjusted to 8 cm. The stimulation of the FDI from the
wrist was performed over the FCU tendon at the proxi-
mal wrist line level.

The ulnar sensory NCS, the cathode ring electrode
was placed at the 5" MCP joint and the anode electrode at
the 5™ distal interphalangeal joint. The distance between
the two points was arranged to give stimuli from 12 cm
proximal to the cathode ring electrode at the proximal.
The other stimulation points were located 4—6 cm below
and 6—8 cm above the midpoint of the ulnar sulcus at the
elbow.

In the median NCS, the sensory latency was recorded
from the third MCP joint stimulated at a point 12 cm
proximal to the recording electrode. Motor NCS was
measured from the mid portion of the abductor polli-
cis brevis (APB) muscle and by the stimulation of the
median nerve 8 cm proximal to the recording electrode.
Proximal stimulations were performed in the medial epi-
condylar area.

For the median palm—wrist segment NCS, the active
superficial disc recording electrode was placed at the
proximal palm—wrist segment line and the reference
electrode was placed at 4 cm proximal to the active elec-
trode. The anode part of the stimulator was placed on the
2" MCP joint and the cathode was placed in the palm to
face the wrist.

Mixed, motor and sensory nerve conduction veloci-
ties (NCV), motor distal latencies (MDL), sensory distal
latencies, compound muscle action potential (CMAP)
amplitudes, sensory nerve action potential (SNAP)
amplitudes, and F-wave latencies were recorded.

For sensory distal latencies, the point at which the
SNAP amplitude peaked was taken as the reference and
the first separation point from the isoelectric line at the
negative direction for the MDL. For the CMAP and
SNAP amplitudes, the measurement between the first
negative peak point of the action potential and the iso-
electric line was recorded.

The same type and size of electrodes were used for
all patients. Filter settings were from 3 Hz to 10 kHz for
motor NCS and from 20 Hz to 2 kHz for sensory NCS.
In order to obtain the most optimal result in the NCS,
all stimuli were given supramaximally. To minimise the
technical factors and optimise the results, a minimum of

eight recordings were obtained for the sensorial NCS.
The average of these results was accepted as the mean
result. For motor NCS, at least three recordings were
obtained and the best result was recorded.

Electrodiagnostic criteria

Diagnoses were made using AAEM recommenda-
tions (3) and parameters developed in the local ENMG
laboratory.

Accordingly, for stimulus from the ADM muscle,
the following values were considered normal: ulnar
nerve MDL < 3.45 ms, CMAP amplitude > 4.32 mV,
NCV > 53.6 m/s, F-wave latency < 28.41 ms, ulnar
nerve sensory distal latency < 3.41 ms, SNAP amplitude
> 11 mV, and NCV > 54.2 m/sn. With stimulus from
the FDI muscle, stimuli limits were determined as fol-
lows: MDL < 3.40 ms, CMAP amplitude > 4.30 mV and
NCV > 54 m/s.

For the median nerve, the following results were
assumed as normal with stimulus from the APB
muscle: MDL < 4.00 ms, CMAP amplitude > 4.25 mV,
NCV >50.3 m/s, sensory distal latency < 3.41 ms, SNAP
amplitude > 10 mV, NCV > 50.6 m/s, mean F-wave
latency < 27.87 ms. In the median nerve mixed NCS,
NCYV at the palm—wrist segment of > 35.9 m/s and distal
amplitude > 32.4 mV were considered normal.

Electrodiagnostic criteria for the UNE as measured
by the motor NCS were as follows: NCV at the elbow
segment of the ulnar nerve < 50 m/s, amplitude < 20%
that of the amplitude obtained with stimulus from the
wrist, mean F-wave latency > 28.41 ms, sensory NCV
< 48 m/s, and SNAP amplitude < 2 mV. Amplitude of
the elbow segment 20% lower than the forearm segment
was considered conduction block and reduced NCV of
the same segment focal demyelination.

Differences between the NCV of the forearm and
elbow segments were evaluated as reported in Shakir
et al. (6). The forearm—elbow inter-segmentary veloc-
ity difference (FIVD) was calculated for both sensory
and motor NCS as the NCV of the forearm segment
was mathematically subtracted from the NCV of the
elbow segment. Needle EMG was applied to the FCU,
ADM and FDI muscles of patients diagnosed with UNE
according to the criteria given above. In the presence
of denervation potentials, motor unit action potentials
and recruitment pathologies were recorded. Abnormal
needle EMG findings were considered axonal damage.
Needle EMG was conducted in muscles other than the
ADM, FDI and FCU for the differential diagnosis when
necessary.
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Statistical analysis

Statistical analysis was performed using the statisti-
cal package SPSS software (Version 17.0, SPSS Inc.,
Chicago, IL, USA). The Kolmogorov Smirnov and
Shapiro—Wilk tests and histograms were used to confirm
the normality of each continuous variable. Categorical
variables between groups were analysed using the Chi-
square test or Fisher’s exact test.

The Student’s ¢-test for the normally distributed data
was used for the comparisons between groups. SPSS sta-
tistical softwarel7.0 (SPSS Inc.) was used to construct
the receiver operating characteristic curves and calculate
the areas under curve (AUC), sensitivity and specificity.
p values of less than 0.05 were considered statistically
significant.

RESULTS
Table 1 summarises diagnoses resulting from ENMG
findings.

Table 1: Electoneuromyographic findings

Electoneuromyographic impressions N %
Normal 114 69.09
UNE 11 6.67
Non-localizable ulnar neuropathy 13 7.8
CTS + UNE 8 4.8
CTS 6 3.6
UNE + CTS + PNP 4 2.4
CTS + PNP 3 1.8
Non-localizable ulnar neuropathy + CTS 2 1.2
CTS + UNW 2 1.2
Mononeuritis multiplex 1 0.6
UNW 1 0.6
Motor neuron disease 1 0.6
Total 166

UNE = ulnar neuropathy at the elbow; UNW = ulnar neuropathy at the wrist;
CTS = carpal tunnel syndrome; PNP = polyneuropathy.

Ulnar neuropathy at the elbow was identified in only 11
of the 166 extremities. Electroneuromyographic data of
114 patient extremities were completely normal. The
remaining 41 extremities, which had results consistent
with non-UNE ENMG pathologies, were not included
in the results. Agreement between the pre-diagnosis and
the electrophysiological diagnosis was 6.7% and the
kappa coefficient was 0%.

Gender, age, height, weight, and body mass index of
the two groups were similar (p > 0.05).

F-wave latencies, sensory and motor NCV, all FIVD
measurements, and CMAP amplitudes from the FDI
muscle at the elbow segment were statistically different

between the two groups (p < 0.05). Distal latencies,
CMAP amplitudes from the ADM muscle and SNAP
amplitudes from the elbow segments were similar
(p > 0.05). Data of the two groups are Summarised in
Table 2.

In the UNE group, reduction of amplitude lower
than 20% at the elbow segment from the stimulus at the
ADM, and FDI was found to be in 100% kappa agree-
ment. For this evaluation, the sensitivity and specificity
were 100%.

The UNE probability was determined to be 90.6%
when the NCV value from FDI muscle was lower than
54.9 m/s with a sensitivity of 99.1% and specificity of
81.8%. For the ADM, the rate of accuracy was 93.8%
with a cut-off value of 53.65 m/s. Sensitivity and speci-
ficity were 98.2 and 90.9%, respectively.

When sensorial FIVD was greater than 10.9 m/s, the
probability of UNE was 88.9% at a sensitivity of 81.8%
and specificity of 86.8%. When the FIVD from stimulus
at the ADM muscle was greater than 6.8 m/s, the prob-
ability of UNE was 80.1% with a sensitivity of 81.8%
and specificity of 78.1%. The cut-off value of FIVD for
the FDI muscle was 8.4 m/s with a UNE probability of
86.9%. The sensitivity and specificity for this evaluation
were 72.7 and 90.2%, respectively.

The other ENMG parameters sensitivity and speci-
ficity could not be calculated due to the lack of kappa
agreement.

Data of patients diagnosed with isolated UNE were
statistically evaluated. Pathological ENMG findings of
the UNE group can be found in Table 3.

DISCUSSION

Our ENMG results were within normal limits and the
agreement between clinical pre-diagnosis and ENMG
results was 6.7%. Studies conducted in Turkey have
reported a clinical pre-diagnosis-ENMG impressions
agreement rate between 42.3 and 55% (7).

The extremely low agreement between clinical pre-
diagnosis and ENMG results may suggest that inadequate
clinical pre-diagnosis routinely leads to unnecessary
ENMG requests. However, such a generalisation may
not be correct. A study evaluating 130 cadavers reported
that anatomical variations may create difficulty in deter-
mining the causes of UNE (8). Within a peripheral nerve,
nerve fibres innerving certain muscles are separated into
different fascicles by the connective tissue. In the ulnar
nerve, the nerve fibre bundle innerving the ADM muscle
may be different than that innerving the FDI muscle and
these nerve fibre bundles may be localised at different



8 Electroneuromyography in Ulnar Neuropathy

Table 2:  Clinical and electroneuromyographic characteristics of groups (mean + standard deviation)

Group 1 (UNE) Group 2 (non-UNE) )4
Clinical characteristics
Age (years) 41.2+13.78 42.52+£12.41 0.753
Body length (cm) 168.4 +7.56 162.32 +£27.67 0.493
Weight (kg) 73.1+18.14 74.15+13.12 0.82
Body mass index (kg/m?) 25.54 +5.04 26.74£4.31 0.42
n (11) %
Electroneuromyographic results
Minimum F wave latency (ms) 26.31+2.29 24.89 + 1.62 0.009
Mean F wave latency (ms) 27.54+2.16 2595+ 1.69 0.005
Ulnar nerve sensory measurements
Distal latency (ms) 2.85+2.22 2.69+0.31 0.107
SNAP Amplitude at the elbow (mV) 11.91 £8.25 16.36 + 8.71 0.107
NCYV at the elbow segment (m/s) 46.54 +9.89 70.06 + 10.84 0.0
NCV at the forearm segment (m/s) 64.81+6.4 65.7 +6.42 0.661
FIVD 18.27£12.35 —4.36 +14.57 0.0
Ulnar nerve motor measurements of abductor digit minimi muscle
Distal latency (ms) 2.61 £0.34 2.58+0.24 0.752
CMAP Amplitude at the elbow (mV) 7.8+£2.17 8.96 +2.42 0.131
NCV at the elbow segment (m/s) 49.6 £ 10.07 67.58 +£9.21 0.0
NCV at the forearm segment (m/s) 63.31+7.62 64.96 + 5.62 0.371
FIVD 13.7+£15.26 —2.61+11.26 0.0
Ulnar nerve motor measurements of first dorsal interosseous muscle
Distal latency (ms) 3.0+0.32 3.04+0.27 0.598
CMAP Amplitude at the elbow (mV) 6.02 +2.45 7.73 £2.63 0.042
NCV at the elbow segment (m/s) 47.989.44 66.39 +9.05 0.0
NCV at the forearm segment (m/s) 59.9+5.13 61.52+5.77 0.370
FIVD 11.92+11.91 —4.86 +10.94 0.0

NCV = nerve conduction velocity; CMAP = compound muscle action potential; SNAP = sensory nerve

action potential; FIVD = forearm-elbow inter-segmental velocity difference.

Table 3: Classification of pathological electroneuromyographic findings in

the ulnar neuropathy at the elbow group

Axonal damage based on needle EMG

FDI 27.27

ADM 27.27

FCU 27.27
Conduction block

Ulnar nerve/sensory 4 36.36

Ulnar nerve/FDI motor 9.09

Ulnar nerve/ADM motor 1 9.09
Focal demyelination

Ulnar nerve/sensory 8 72.72

Ulnar nerve/FDI motor 9 81.81

Ulnar nerve/ADM motor 7 62.63

ENMG = electroneuromyography; UNE = ulnar neuropathy at the elbow;
ADM = muscle of abductor digiti minimi; FDI = muscle of first dorsal
interosseous; FCU = muscle of flexor carpi ulnaris.

regions of the ulnar nerve. Thus, external pressure on the
peripheral nerve may result in clinical and electrophysi-
ological heterogeneity depending on the anatomical

localisation at the site of pressure and the damage of the
fascicles of the nerve (1, 2, 9).

Stewart et al. (9) demonstrated that ulnar NCV in the
same individual can vary by as much as 40 m/s. Such
inaccuracies are likely the result of several factors: (a)
depolarisation of the nerve some variable distance from
the electrode, (b) shifts in electrode position due to skin
laxity, and (c) the disproportionate effect of small errors
in measurement due to the short distance between the
proximal and distal stimulation sites. Our results may
have been affected by one or more of these factors.

Azma et al. (10) compared the normal ulnar motor
NCV values using the FDI and ADM on 100 nerves
of healthy volunteers. Mean NCVs at the elbow were
62.65 £ 7.62 m/s and 60.49 + 7.42 m/s for the ADM and
FDI, respectively. Similarly, in the current study, NCV
was 67.58 £ 9.21 m/s for the ADM and 66.39 + 9.05 m/s
for the FDI in the non-UNE group.

Padua et al. reported that false negatives were
common with ENMG in cases of mild UNE (11). In
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the present study, CMAP amplitudes of the ADM and
SNAP amplitude were similar between the two groups.
Accordingly, false negatives may have occurred with
mild UNE present in patients in the non-UNE group
with reduced amplitude and without an obvious conduc-
tion block which could not be identified.

While the pathophysiology of many cases of UNE is
of'axonal loss, NCV demonstrates only a non-localisable
ulnar neuropathy (1). In the present study, non-localisa-
ble ulnar neuropathy was detected in 13 cases. However,
ENMG assessments of these 13 patients were not suf-
ficient to verify the UNE co-existing with axonal loss.

Studies in the literature have compared ENMG
results from the ADM and FDI muscles of UNE patients.
Kothari et al. (12) found that motor NCS of the FDI and
ADM was abnormal in 81 and 71% of patients, respec-
tively. Caliandro et al. (2) showed that FDI-innervated
ulnar fibres have a higher susceptibility to damage than
those of the ADM and reported sensitivity and specifici-
ty rates of 58 and 100%, respectively, between the NCVs
of both the FDI and ADM. Other studies have made sim-
ilar findings (9, 13). Another study has suggested that
recording from the FDI was not routinely indicated and
that ADM recordings were sufficient for the diagnosis
of UNE (5). Conversely, other studies argued that the
ADM and FDI muscles were equally sensitive (4, 14). In
the present study, a high rate of sensitivity and specific-
ity was found in the FIDV, CMAP amplitude and motor
NCV at the elbow segment. These sensitivity and speci-
ficity values were close for both muscles.

Kothari et al. (12) observed that the most common
localizing finding of ENMG was conduction velocity
slowing at the elbow segment. Findings in the current
study (rate of slowing of NCV: 81.8%) most resemble
those of Kothari ef al.

The FCU muscle may also be affected in UNE in
agreement with its clinical and electrophysiological
severity (1). In the present study, the determination rate
of FCU impact by needle EMG was 27.27%.

Forearm-elbow inter-segmental velocity difference
may be used in the diagnosis of UNE, with differences
greater than 10 m/s signalling UNE (3). Shakir ef al. (6)
compared motor NCV and FIVD of the ADM and FDI
muscles of 85 subjects with UNE and 77 subjects with
CTS without clinical evidence of UNE. At 95% speci-
ficity, motor NCV sensitivities were 80% at the ADM
and 77% at the FDI, while FIVD sensitivities were 51%
and 38%, respectively. In the current study, FIVD was
evaluated in both sensorial and motor measurements
and sensorial and motor FIVDs had high sensitivity and

specificity rates. However, while Shakir et al. divided
the UNE group into three subgroups based on the CMAP
amplitude, we were unable to divide our groups based
on CMAP amplitude and this difference in methodology
should be considered when comparing these two studies.

The low number of UNE patients in accordance with
the ENMG criteria can be considered a limitation of the
present study and may affect the sensitivity and specific-
ity reliability. In addition, the high number of patients
with normal ENMG findings and the comparison
between these two groups may have affected the present
results. Studies with a higher number of patients with
UNE diagnosis may contribute further to the literature.

In conclusion, the proportion of patients diagnosed
with UNE that are in accordance with the existing elec-
troneuromyographic criteria appears to be very low.
According to our data, reduced CMAP amplitude has
100% sensitivity and specificity. In addition, elbow seg-
ment NCV from the ADM and FDI muscles have high
sensitivity and specificity. However, sensitivity and
specificity values were similar for the ADM and FDI
muscles. Sensory and ADM/FDI FIVD may be useful
for the diagnosis of UNE.
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ORIGINAL ARTICLE

No Role of rs1137101 Variant of the Leptin Receptor Gene

in Manifestation of Obesity
A Shahid'?, S Rana'?, S Mahmood*

ABSTRACT

Objective: Obese phenotype can be a consequence of disruption in the physiological integrity
of the leptin axis. Leptin acts as a satiety signal and exerts its physiological effects by binding
to the leptin receptor; consequently, genetic variants of the leptin receptor may be important in
the pathophysiology of human obesity. The current study was therefore carried out to find the
association of the leptin receptor rs1137101 variant with obesity and associated anthropomet-
ric and metabolic parameters in a sample of the Pakistani population.

Methods: DNA samples from a total of 239 obese and 155 non-obese human subjects with
age range of 5—45 years were genotyped for the rs1137101 variant of the leptin receptor gene.
Anthropometric measurements of the subjects were taken, and biochemical parameters from
the corresponding serum samples were determined. Blood pressure was monitored, and meas-
urements of body weight, height, waist and hip circumference were recorded. Body mass index
and waist-to-hip ratio were calculated. Levels of fasting blood glucose, insulin, leptin and
leptin receptor were determined, and insulin resistance was calculated.

Results: The statistical analysis of the data showed no significant difference in genotype and
allele frequencies of rs1137101 variant between obese and non-obese subjects (p > 0.05).
Moreover, no significant association of the variant was observed with any of the obesity-related
anthropometric and metabolic traits (p > 0.05).

Conclusion: The study suggests that rs1137101 variant of the leptin receptor gene may not be
involved in conferring obese phenotype in the Pakistani population.

Keywords: Leptin receptor, obesity, Pakistan, rs1137101 variant.

INTRODUCTION

Leptin receptor (LEPR) is a single transmembrane
protein that belongs to the class I cytokine receptor
family (1). Leptin, an adipokine and central regulator
for adiposity-sensing pathways, exerts its physiologi-
cal effects by binding to LEPR in the hypothalamus. It
functions as a satiety signal by downregulating orexi-
genic (appetite-stimulating) peptides and upregulating
anorexigenic (appetite-decreasing) peptides (2). Leptin
receptor is a product of the LEPR gene that is located
on human chromosome 1p31 and consists of 20 exons

(3). The expression of the LEPR gene results in at least
six isoforms of leptin receptors (LEPRa-f) attributable to
alternative mRNA splicing. The isoforms (Ra, Rb, Rc,
Rd, and Rf) share the same extracellular and transmem-
brane domains but differ in the length of the intracellular
domain (4).

The secreted isoform Re lacking both transmem-
brane and intracellular domains can be generated either
by alternative splicing (Ob-Re) or by ectodomain shed-
ding. It circulates as a soluble receptor, and may be
involved in modulating leptin activity (5, 6). Leptin
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receptors form homodimers, and binding of leptin to
the receptors activates Janus-activated kinases (JAK),
which in turn activate signal transducers and activators
of transcription (STAT). Leptin signalling through the
JAKSs and activation of transcription system for regulat-
ing body fat mass is mainly associated with the longest
form (LEPRb) of LEPR that contains both conserved
sequence motifs necessary for the binding of the JAKs
and STAT family of signal transducing factors required
for full leptin signalling function (7). The shorter iso-
forms lack STAT binding elements, thus having reduced
signal transduction capabilities (8). The longest isoform
appears to be the most abundant in the hypothalamus,
while the shorter isoforms seem to predominate in
peripheral tissues (9).

The LEPR gene has been extensively studied in search
for several common variants that may be important in
the pathophysiology of human obesity (10). One of these
variants is non-synonymous Q223R (rs1137101) in exon
6 of the human LEPR gene at codon 223 (11). The LEPR
contains two extracellular cytokine receptor homology
domains (CRH1 and CRH2). The CRH2 domain is nec-
essary and sufficient for leptin binding, whereas CRH1
is not essential for a high affinity interaction (12). The
Q223R variant results from an A to G transversion at
nucleotide 668 from the start codon encoding a glu-
tamine (Q) to arginine (R) substitution in the N-terminal
CRH1 domain of LEPR (13). Genetic variants, which
serve as causal factors for a particular population, may
or may not affect another population. In particular, the
data on the status of this variant in relation to obesity in
the Pakistani population has remained extremely scarce.
The current study was therefore undertaken to find the
association of Q223R variant of the LEPR gene with
obesity and obesity-related anthropometric and meta-
bolic traits in a sample of the Pakistani population.

SUBJECTS AND METHODS

The study was performed at the University of Health
Sciences Lahore, Pakistan, after the approval from the
Institutional Review Board of the University. All pro-
cedures involving collection of blood samples and
anthropometric measurements were carried out with the
adequate understanding and written informed consent of
the subjects.

Study population

The participants of the study involved 239 obese indi-
viduals with body mass index (BMI) > 30 kg/m? or > 95
percentile and 155 control subjects with BMI < 25 kg/m?

or 5"-85" percentile. The age range of the participants
was between 5 and 45 years. Simple random sampling
was applied for the collection of blood specimens.
Subjects with a history of any endocrine disorder were
not included in the study. Similarly, subjects who were
taking antidepressants, anticonvulsants and steroids
were not included in the study.

Categorisation of study population

Subjects were further classified into two categories:
category 1 involving individuals < 18 years of age and
category 2 involving individuals > 18 years of age. The
subjects > 18 years of age were considered obese with a
BMI > 30 and normal weight with a BMI <25 (14). The
subjects < 18 years of age were considered obese if their
BMI was > 95" percentile and normal weight if their
BMI fell within the 585" percentile by following BMI
for age growth charts recommended by the Centers for
Disease Control and Prevention.

Demographic information and physical examination
Full demographic information including name, age, sex,
address, education and socio-economic status was docu-
mented on a questionnaire. A complete general physical
examination was carried out. A blood volume of 5 ml
was collected from each subject aseptically.

Anthropometric and blood pressure measurements
Body weight (BW), height, waist circumference (WC)
and hip circumference (HC), systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were meas-
ured by standard procedures (14). Body height was
measured using a stadiometer and BW was measured
on digital weighing scale. The BMI of each subject was
calculated as weight in kilograms divided by height in
metres squared. Waist circumference was taken just
above the belly button in the middle of the lower border
of the costal margin and uppermost border of the iliac
crest to the nearest 0.1 cm. Hip circumference was meas-
ured as the maximal circumference over the buttocks.
Waist-to-hip ratio was calculated from the values of
waist and hip circumference. Blood pressure was taken
two times in a sitting position from the right arm of the
subject by a standard mercury sphygmomanometer.

Biochemical measurements

Blood samples were collected after an overnight fast of
812 hours. Fasting blood glucose (FBG) levels were
determined by the glucose oxidase method on Huma Star
180 chemistry analyser (Human, Wiesbaden, Germany).
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Blood insulin, leptin and LEPR levels were determined
by enzyme-linked immunosorbent assay (ELISA) using
commercial kits on an automated EIA analyser (Bio-
Rad Laboratories, Hercules, CA, USA). Fasting blood
glucose and fasting insulin concentrations were taken to
measure homeostasis model assessment of insulin resist-
ance (HOMA-IR). HOMA-IR = Fasting insulin (u 1U/
ml) x Fasting glucose (mmol/L)/22.5 (15).

DNA extraction and genotyping of rs1137101 variant
DNA was extracted from whole blood using a genomic
DNA purification kit (Fermentas, Waltham, MA, USA).
Genotyping of rs1137101 variant was carried out by
PCR-RFLP (polymerase chain reaction-restriction frag-
ment length polymorphism assay). A DNA fragment
containing rs1137101 variant site was amplified using a
specific forward (S'TAAGCTGGGTGTCCCAAATA3')
and reverse (5’AGCAAAGTGAGATAAGCT3') prim-
er-pair. The PCR was done on Icycler 5 (Bio-Rad).
The PCR reaction mix was composed of 100 ug DNA,
1X Taq buffer, 2 mM MgCl2, 0.2 mM of each dNTP,
10 umol of each primer and 0.5 U Tag DNA polymerase
in a final volume of 25 pl. The PCR conditions involve
initial denaturation at 95°C for 4 minutes, followed
by 35 cycles of denaturation at 94°C for 30 seconds,
annealing at 58°C for 30 seconds and extension at 72°C
for 1 minute, and then a final extension step at 72°C for
10 minutes. Mspl restriction enzyme (Favorgen, Taiwan)
was used to digest amplified products of 424 bp in order
to examine rs1137101 variant by RFLP assay. Presence
of the A allele generated a single fragment of 424 bp,
whereas presence of the G allele revealed two fragments
of 285 and 139 bp (Figure)

LEPR
NGAA NA NG GIGGIG NG NA NANA GIG AR NA NG NA AIG NA

Restriction fragment length polymorphism (RFLP) analysis of
rs1137101 variant in the LEPR gene.

Figure:

Statistical analysis

The Statistical Package for the Social Sciences ver-
sion 17.0 (SPSS Inc., Chicago, IL, USA) software was
used for analysing the data. Quantitative variables were
expressed as mean + standard error of mean (SEM).

Student’s ¢-test was applied to observe the differences
between cases and controls. The whole data were strati-
fied according to age and sex into subcategories.

Hardy—Weinberg equilibrium test was applied to
determine the variation in distribution of alleles and
genotypes. Allelic frequencies were calculated by gene
counting. Chi-square test was used to determine the
significant differences in genotype and allelic frequen-
cies between study and control groups. Association of
rs1137101 variant (A>G transition) with obesity was
determined by Pearson Chi-square using co-dominant,
dominant and recessive models. Odds ratio (OR) and
95% confidence intervals (CI) were calculated to deter-
mine the risk of obesity associated with the risk allele.
The association of rs1137101 variant with anthropomet-
ric and metabolic traits was determined using a general
linear model assuming co-dominant, dominant and
recessive genetic models. The genotypes were coded as
(0, 1 and 2) in co-dominant model, (0 and 1) in dominant
model and (1, 0) in recessive model corresponding to
the number of copies of risk allele. Analysis of variance,
Tukey post hoc analysis and ¢-test were applied to test
the differences of obesity-related anthropometric and
metabolic traits across genotypes of rs1137101 variant
adjusted for age and sex. Bonferroni adjustment was car-
ried out for multiple comparisons. A p-value of < 0.05
was considered statistically significant.

RESULTS

Obese subjects and high-risk
cardiometabolic disorders

In our study, family history of obesity (FHO) was found
in 77% of the obese subjects (one or both parents) as
compared to FHO in 31% of the control subjects.
Hypertension (HTN) was found in 18% of the obese
subjects, whereas no control subject was found to be
hypertensive. Similarly, among obese subjects, 7%
were found to have type 2 diabetes (T2D) and 33.4%
had impaired fasting glucose (IFG) in comparison to
2% of the control subjects were diabetic and 3% had
IFG. Acanthosis nigricans was observed in 43% of the
obese subjects as compared to 3.2% of the controls.
Cardiovascular disease (CVD) was observed in 4.2% of
the obese subjects, whereas no control subject had CVD.
There was no significant difference found between body
height (HT) of obese and control subjects. Waist and hip
circumference and waist-to-hip-ratio (WHR) of obese
subjects were found significantly greater than that of
control subjects (p < 0.05). Obese subjects were found
to have significantly higher SBP and DBP (p < 0.05) as

factors for
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compared to the control subjects. Insulin
levels and HOMA-IR values of obese

subjects were found significantly (p <
0.05) higher as compared to that of con-

trol subjects. Leptin levels of the obese
subjects were higher and LEPR levels

were significantly lower as compared to

that of control subjects. This above com-

parison of various parameters between
obese and control subjects clearly indi-
cates that obese individuals are more
prone to develop various cardiometabolic

disorders.
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years (p > 0.05) (Table 1). Similarly,
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obese and non-obese females (Table 1).
When all obese and control subjects were
further stratified according to age in two
genotype and allele frequencies between
obese and control subjects > 18 years and
stratification of obese and control sub-
jects > 18 years and < 18 years into male

and female subcategories revealed no sig-
results revealed no significant differ-

ence in the frequencies of genotypes and

alleles between obese and control sub-
jects with and without stratification of the

control males (Table 1). Overall, these
data according to age and sex.

and control females, > 18 years obese
and control males, < 18 years obese and

nificant difference in genotype and allele
frequencies between > 18 years obese

categories < 18 years and > 18 years, no
significant difference was found in the

after stratification by sex revealed no
significant difference in the genotype
and allele frequencies (p > 0.05) between
obese and non-obese males and similarly

jects (Table 1). Analysis of whole data
control females,

<18
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LEPR rs1137101 variant and obesity

No significant association of any genotype or allele of the
LEPR rs1137101 was observed with obesity (p > 0.05)
in any of the genetic models (co-dominant, dominant or
recessive models) used in the current study (Table 1).
When the entire data were stratified according to age and
sex, no significant association of any LEPR rs1137101
genotype or allele with obesity was found in any of the
subcategories (p > 0.05). Thus, no age and sex-specific
association of LEPR rs1137101 variant with obesity was
observed in our study (Table 1).

LEPR rs1137101 variant and various obesity grades
The entire study population was stratified with respect to
the WHO criteria of BMI into overweight (BMI 25.00—
29.99), obese grade I (BMI 30.00-34.99), obese grade 11
(BMI 35.00-39.99), obese grade 111 (BMI > 40.00), and
super obese (BMI > 50) groups. No significant associa-
tion (p > 0.05) of any genotype (AA, AG or GG) with
any grade of obesity was observed (Table 2).

Table 2:  Genotype frequencies of LEPR rs1137101 variant across different
obesity grades

Obesity status
Obese Non-obese xlp

Grades of obesity GG GA AA GG GA AA

Grade I obese 22% 42% 36% 2.07/0.355
(BMI > 30)

Grade II obese 13% 43% 44% 13% 46% 41% 0.17/091
(BMI > 35)

Grade III obese 15% 32% 53% 1.85/0.39
(BMI > 40)

Chi-square analysis of genotypes.
BMI = body mass index.

LEPR rs1137101 variant, and anthropometric and
metabolic traits

General linear model multivariate analysis revealed no
significant association (p > 0.05) of the LEPR rs1137101
variant with any of the anthropometric and metabolic
traits, including BW, HT, BMI, WC, HC, WHR, SBP,
DBP, FBG, insulin levels, HOMA-IR, and leptin and
LEPR levels (Table 3). There were no significant dif-
ferences (p > 0.05) in anthropometric and metabolic
parameters observed between carriers of AA, AG, and
GG genotypes (Table 3).

DISCUSSION

The current study examined the association of the LEPR
rs1137101 variant with obesity and associated anthropo-
metric and metabolic parameters in obese and non-obese

Table 3: Differences of anthropometric and metabolic traits across geno-
types of LEPR variant (mean + SEM)
AA AG GG p-value
n =162 n =156 n =54
Body weight (kg) 82.42+2.55 77.41+347 73.4+2 0.262
Height (m) 1.54+£0.016 1.59+0.01 1.57+0.01 0217
BMI (kg/m?) 33.69 +0.68 30+ 1.06 29.38 42 0.603
Waist(cm) 1023+ 1.71 923+25 91.19+1.77 0.622
Hip (cm) 111.8 +1.88 104 £2.18 102+1.77  0.485
WHR 091+0.007 0.87+0.01 0.88+0.006 0.925
SBP (mmHg) 12145+1.80 116+1.8 115+14 0.613
DBP (mmHg) 82+ 1.18 78+ 1.3 77.8+£0.95 0.436
FBS (mg/dL) 103.32£3.98 93.1+2 97.3+2.64 0.536
Insulin (WIU/ml)  22.50+1.93 15.7+2.9 16.6 137 0.841
HOMA 5.12+0.51 3.5+0.71 3.84+036 0.887
Leptin (ng/ml) 2878 +3.8 22.08+1.838 24.28+1.81 0.504
Leptin receptor 1553+093 18.67+1.65 173+0.79 0.956

(ng/ml)

Data are presented as mean £ SEM and was compared by analysis of variance
followed by Tukey Post hoc test. p < 0.05 was considered statistically
significant.

BMI = body mass index; WHR = waist-to- hip ratio; SBP= systolic blood
pressure; DBP = diastolic blood pressure; FBS = fasting blood sugar; HOMA
= homeostasis model assessment.

subjects of the Pakistani population. Both obese male
and female subjects in the current study showed higher
WHR than normal values, but male subjects with obesity
had significantly higher WHR than female subjects with
obesity, and therefore, they were predisposed to high
risk of developing CVD (16). A WHR > 0.9 in males
and > 0.85 in females is considered as a parameter for
the diagnosis of CVD (17).

In the current study, obese subjects had significantly
higher leptin levels as compared to control subjects;
hyperleptinemia and leptin resistance might be involved
in the development of hyperinsulinaemia and insulin
resistance as shown by high HOMA-IR in the obese
subjects of our study, a risk for development of T2D in
later life (18). High FBG and high insulin levels found in
obese subjects of our study might serve as a biomarker of
disturbed carbohydrate metabolism and a future risk for
T2D in these subjects. A significant correlation of plasma
leptin levels with BMI in obese subjects was also seen in
the current study. This observation is in agreement with
previous reports (19, 20). Moreover, a positive correla-
tion of leptin with BMI, WC, HC, HOMA-IR, and SBP
in the obese subjects of the current study suggests that it
is a possible risk factor for predisposition to HTN, CVD
and T2D. A high leptin level induces endothelial damage
and inflammatory reaction in blood vessels; these altera-
tions may contribute to the pathogenesis of HTN (21).
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Lack of association between rs1137101 variant of
the LEPR gene and obesity in our study indicates that
the amino acid change as a result of this polymorphism
might not affect the phenotype of the subject in our pop-
ulation. This variant occurs in the CRH1 domain, which
is not essential for high-affinity leptin binding (12).
Stratigopoulos et al. observed no difference in adiposity
between wild-type and Q223R isogenic mice fed a high
fat diet (13). Recently, Verkerke et al. also reported that
the rs1137101 variant in the LEPR extracellular CRH1
domain does not affect the rates at which leptin binds to
and dissociates from its receptor (22).

Regarding the role of rs1137101 variant in obesity,
the results of different association studies are contro-
versial. The present study showed no association of this
variant with obesity in adults or in the younger group
(< 18 years). Likewise, no significant difference was
observed in anthropometric parameters such as BMI,
WC, HC, and WHR across genotypes of this vari-
ant. These findings are consistent with initial studies
that also failed to identify any association of this vari-
ant with the risk of obesity (23-27). Later, the pooled
and meta-analysis of genetic data by Heo et al. (10, 28)
revealed conflicting results regarding the association of
this polymorphism with BMI. Another meta-analysis by
Paracchini ef al. (29) involving 10 studies carried out
in Asians, Caucasians, Pima Indians and Brazilians also
reported no association of this variant with obesity. Large
variation in the allelic frequency across different ethnici-
ties and countries has been reported. Asian populations
(Japan and Korea) showed relatively higher frequencies
(0.85) of G allele than other populations. In contrast,
our study reported a lower (0.35) allelic frequency of
G allele. Yiannakouris et al. (30) observed an increased
risk of obesity in G allele carriers, whereas Portolés et
al. (31) found an inverse association of rs1137101 vari-
ant with obesity, which described that carriers of G allele
had low BMI in the Mediterranean Spanish population;
later on similar results were reported by Furusawa et
al. (32) in a Pacific Island population demonstrating
that carriers of A allele had high BW and BMI. Lack of
association of rs1137101 genetic variant with obesity in
the present study is in agreement with a recent study on
Turkish children (33).

The present study also reported no difference in the
metabolic parameters such as FBG, insulin, HOMA-IR,
leptin and LEPR levels across genotypes of rs1137101
variant. Lack of association of rs1137101 variant with

leptin levels in the current study is in line with a pre-
vious report (29). Guizar-Mendoza et al. (34) reported
high body fat percentage and plasma leptin levels in
carriers of A allele and low levels in G allele carriers in
the Mexican adolescent population. However, another
study reported high plasma leptin levels in G allele car-
riers in Greek subjects (30). There was no association
of plasma LEPR levels with rs1137101 variant in our
study that is similar to the observation of Ogawa et al.
in the Japanese population (35).

The current study showed no association of rs1137101
variant with obesity in both males and females, whereas
Masuo et al. reported gender-specific effect with associa-
tion of this variant with obesity in Caucasian males (36).
Another study in Caucasians reported an association of
higher BMI with G allele carrier girls but not in boys
(37). A recent meta-analysis revealed no association of
rs1137101 variant with overweight and obesity includ-
ing no gender-specific effect and hence supports the
results of the current study (38). The lack of association
of rs1137101 variant with obesity and obesity-related
anthropometric and biochemical parameters seen in the
current study is also in agreement with many previous
reports (23-27, 29, 33, 37, 38). However, a recent study
from Pakistan reported the association of rs1137101 var-
iant with BMI, SBP, DBP and weight in obese subjects
(39). This disagreement with our study may be attrib-
utable to the differences in the inclusion and exclusion
criteria of the two studies.

In a nutshell, lack of association of rs1137101 vari-
ant of the LEPR gene with obesity and obesity-related
anthropometric and metabolic traits in our study implies
that this variant appears to have no role in causing sus-
ceptibility of our population to obesity and associated
cardiometabolic disorders. The findings of the current
study can be further validated by conducting similar
studies with the same exclusion and inclusion criteria
and by considering a bigger sample size.
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The Effect of Obesity and Body Mass Index on Post-transplant Renal Graft Function
MS Adelina, NN Ana Maria, I Garcia Garcia, RF Castillo

ABSTRACT

Objective: The aim of this five-year study was to investigate the influence of body mass index
(BM]) and obesity on post-transplant renal graft function.

Methods: This research monitored 500 patients of both genders who had received kidney trans-
plants. Post-transplant measurements of the recipients’biochemical parameters, anthropomet-
ric parameters and renal function were performed. Two methods were also applied for assess-
ing renal function: (a) the Cockcroft—Gault formula and (b) the serum creatinine clearance.
Results: Five years after transplantation, the patients showed an increase in obesity, accom-
panied by a lower glomerular filtration rate (GFR). Although the Cockcroft—-Gault values were
mild, the GFR percentage tended to decrease from the first to the fifth year, with higher serum
creatinine levels.

Conclusion: The results reflected an increase in body weight and BMI in the five years after
transplantation. This led to a lower GFR and subsequent graft damage during this time period.

Keywords: Anthropometry, glomerular function, hyperfiltration, obesity, renal transplantation

INTRODUCTION

Obesity is a serious risk factor for kidney deterioration
and failure. This is true for healthy people as well as
those with chronic kidney disease (CKD) (1). The exact
mechanisms whereby obesity may worsen or cause
CKD remain unclear; however, it is believed that kidney
damage is produced by haemodynamic and hormonal
effects (2). After a renal graft, it is fairly common for
patients to gain weight (3). This is largely due to their
improved appetite, the disappearance of dietary restric-
tions stemming from haemodialysis and CKD, as well as
the use of immunosuppressive medications and steroids
(4). A wide range of studies have found that kidney graft
recipients gain an average of 5-10 kg, which is directly
linked to a lower patient survival rate as well as graft
loss (5-7). A post-transplant weight gain contributes to
an adverse cardiovascular risk profile and can play a role
in the pathogenesis of renal graft dysfunction. In fact, it
has been associated with post-transplant hypertension,
diabetes, dyslipidaemia and ischaemic heart disease (8).
Many studies have focussed on the short-term effects of
the renal graft deterioration due to obesity and factors

related to the post-transplant weight gain. However, there
are no long-term data regarding the impact of this weight
gain on renal graft function (9-12). Therefore, the aim
of this research was to analyse the influence of the body
mass index (BMI) and obesity on renal graft function in
the five-year period after the transplant. For this purpose,
the glomerular filtration rate (GFR) was calculated by
two different methods: (a) the Cockcroft—-Gault formula
(CCr) and (b) the serum creatinine clearance (SCrCl).

SUBJECTS AND METHODS

The population sample consisted of 500 patients (278
men and 222 women), 16-80 years of age. All of the
subjects had received renal grafts, and periodically
visited the kidney transplant unit at the Virgen de las
Nieves University Hospital in Granada, Spain. Patients
were chosen because their visits to the hospital for post
transplant follow-up and monitoring took place within
the time period of our research (June 2010-15). Figure 1
shows their underlying disease.
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Figure 1: Causes of chronic kidney disease.

The participants’ weight and height were measured with
a Perperson 113481 scale stadiometer. Their BMI was
then calculated as their body weight in kilograms divid-
ed by the square of their height in centimetres (weight/
height?). The resulting BMI was evaluated based on
the World Health Organization (WHO) classification:
(a) underweight (BMI < 18.5 kg/m?); (b) normal weight
(BMI = 18.5-24.99 kg/m?); (c¢) overweight (BMI =
25-29.99 kg/m?); (d) obese (BMI > 30 kg/m?). Renal
function was assessed with the Cockcroft-Gault (CCr)
formula and the serum creatinine clearance (SCrCl).

Accordingly the Cockcroft-Gault formula deter-
mined the GFR as follows:

In the case of males, normal values are 70 = 14 mL/
min/m?, whereas for females, they are 60 = 10 mL/
min/m?. Based on the decreasing GFR, values were clas-
sified as follows: (a) Mild decrease (60—41 mL/min); (b)
Moderate decrease (40-21 mL/min); (¢) Severe decrease
(<21 mL/min).

Serum creatinine clearance determines serum creati-
nine (SCr) levels in the blood by means of the kinetic
Jafté reaction, in which the creatinine reacts with alka-
line picrate to produce a red-coloured complex. Serum
creatinine levels were calculated by measuring an
increase in absorbance at 512 nm. The rate of the dye
formation (colour intensity) is directly proportional to
the creatinine concentration in the specimen. A normal
result is 0.7-1.3 mg/dL for males and 0.6-1.1 mg/dL
for females, respectively. Generally speaking, normal
values range from 0.8 to 1.4 mg/dL.

Before being discharged from the hospital, all of the
participants were advised to consume 1.4-1.5 g/kg/day
of diet protein (30-35 kcal/kg/day) during the first three
months after the renal graft. Moreover, they were told
that lipids should not exceed 30% of the total dietary
intake and simple sugars should be avoided. After this

three-month period, patients could reduce their protein
consumption to 1 g/kg/day.

The GFR indicates stages of CKD as specified in the
guidelines of the National Kidney Foundation (Table 1).

Table 1: Classification of the stages of chronic kidney disease in the guide-
lines of the National Kidney Foundation
Stage Description GFR
(mL/min/1.73 m?)
1 Kidney damage with a normal or higher >90
GFR
2 Kidney damage with a slightly lower GFR 60-89
3 Mild-to-moderate decrease in GFR 30-59
4 Significant decrease in GFR 15-29
5 Kidney failure or dialysis <15

GFR = glomerular filtration rate.

Statistical analysis

The statistical analysis was performed with the software
package IBM SPSS Statistics 20. Analysis of variance
(ANOVA) was used to analyse the differences between
the BMI and renal function. All data were expressed as
frequencies, percentages and mean values + standard
deviation. Values of p < 0.05 were regarded as statisti-
cally significant.

RESULTS

As can be observed in Table 2, the percentage of over-
weight patients remained more or less constant in the
five-year period after the kidney transplant. However,
there was an increase in the patients with obesity, whereas
each year the number of normal-weight and underweight
patients became steadily lower. In regard to renal func-
tion, Table 3 shows that even though Cockcroft—-Gault
values reflect a mild decrease, this percentage became
progressively lower during the five-year time period.
The same occurred with the SCr levels in the blood,
where from the first to the fifth year, the values tended
to increase until they exceeded our laboratory reference
values (normal values of 0.8—1.4 mg/dL).

Table 2: Percentage of patients classified according to the WHO classifica-

tion

BMI (kg/m?) Post-transplant years
2 P

lst* znd* 3"‘1* 4th* sﬁh*
Underweight: < 18.5 6.1% 59% 63% 53% 5.6%
Normal weight: 18.5-24.99  33.1% 32.5% 31.5% 32.6% 29.1%
Overweight: 25-29.99 342% 33.1% 33% 32.6% 33.6%
Obesity: > 30 26.6% 28.5% 29.3% 29.6% 31.8%
%p < 0.05.
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Table 3:  Evolution of the renal function in five years by two methods: the
Cockeroft-Gault formula (CCr; mL/min) and serum creatinine
(SCr; mg/dL)
Filtration/year Mean SD
CCr 1% year 62.09 22.90
CCr 2™ year 61.61 24.36
CCr 34 year 60.76 24.96
CCr 4" year 60.49 26.00
CCr 5" year 60.15 26.11
SCr 1* year 1.68 0.99
SCr 2™ year 1.77 1.33
SCr 3" year 1.80 1.35
SCr 4" year 1.79 1.20
SCr 5" year 1.78 1.15
*p <0.05.

CCr = Cockcroft-Gault formula; SCr = serum creatinine; SD = standard
deviation.

Even though creatinine levels remained elevated, when
they are correlated with the BMI, they show a statisti-
cally significant increase with a higher BMI, especially
in the first three years. However, the tendency was for
creatinine levels to rise each year and remain high,
especially in patients who are overweight and obese
(Table 4).

Table 4: Five-year serum creatinine levels and the BMI (the WHO clas-

sification)

GFR BMI (kg/m?) N Mean SD
SCr Underweight: < 18.5 25 1.31 0.45
I*year*  Normal weight: 18.5-24.99 130 1.56 0.66
Overweight: 25-29.99 175 1.59 0.53
Obesity: > 30 170 1.68 0.51
SCr Underweight: < 18.5 25 1.30 0.39
2 year*  Normal weight: 18.5-24.99 135 1.55 0.65
Overweight: 25-29.99 172 1.64 0.90
Obesity: > 30 168 1.72 0.55
SCr Underweight: < 18.5 25 1.37 0.43
3year*  Normal weight: 18.5-24.99 135 1.55 0.63
Overweight: 25-29.99 172 1.65 0.73
Obesity: > 30 168 1.70 0.57
SCr Underweight: < 18.5 25 1.49 0.73
4%year  Normal weight: 18.5-24.99 137 1.56 0.71
Overweight: 25-29.99 170 1.69 0.83
Obesity: > 30 168 1.73 0.63
SCr Underweight: < 18.5 25 1.70 1.38
S"year  Normal weight: 18.5-24.99 137 1.65 0.94
Overweight: 25-29.99 170 1.80 1.26
Obesity: > 30 168 1.79 0.73

*p < 0.05.

BMI = body mass index; GFR = glomerular filtration rate; SCr = serum
creatinine; SD = standard deviation.

Regarding the glomerular function (Table 5), instead of a
decrease, the results obtained with the Cockcroft-Gault
formula show a statistically significant increase when
correlated with the BMI. During the five-year period
after the transplant, the values generally reflect a mild-
to-moderate loss decrease (60—41 mL/min).

Table 5:  Evolution of the Cockcroft—Gault filtration (CCr) for years and the
BMI (the WHO classification)

GFR BMI (kg/m2) N Media SD
CCr I Underweight: < 18.5 25 55.21 16.46
year* Normal weight: 18.5-24.99 130 58.37 21.35
Overweight: 25-29.99 175 63 22.18
Obesity: > 30 170 67.82 22.79
CCr2™  Underweight: < 18.5 25 53.58 14.42
year* Normal weight: 18.5-24.99 135 58.94 23.17
Overweight: 25-29.99 172 63.33 21.93
Obesity: > 30 168 66.55 23.44
CCr3  Underweight: < 18.5 25 51.56 13.20
year* Normal weight: 18.5-24.99 135 57.87 22.57
Overweight: 25-29.99 172 62.28 22.21
Obesity: > 30 168 68.04 26.09
CCr4™  Underweight: < 18.5 25 48.99 14.44
year* Normal weight: 18.5-24.99 137 58.12 23.30
Overweight: 25-29.99 170 61.63 23.73
Obesity: > 30 168 68.63 28.25
CCr 5"  Underweight: < 18.5 25 48.66 18.78
year*  Normal weight: 18.5-24.99 137 56.56  25.11
Overweight: 25-29.99 170 61.77 25.27
Obesity: > 30 168 66.65 28.79
*p < 0.05.

BMI = body mass index; GFR = glomerular filtration rate; CCr = Cockcroft—
Gault filtration; SD = standard deviation.

DISCUSSION

The results of our study found that there was a high
prevalence of obese and overweight patients, which
steadily increased over the years. Many research stud-
ies have obtained a significant amount of experimental
and clinical data that highlight the fact that obesity is
an important risk factor for kidney disease (13, 14).
Nevertheless, there is a scarcity of epidemiological data
that directly point to obesity as a trigger or direct cause
of kidney disease. Certain studies have focussed on
the association between obesity and proteinuria in the
general population (15, 16). However, very few epide-
miological studies have quantified the possible relation
between obesity and kidney failure (17, 18).

The prevalence of obesity throughout the world
is soaring. As a result, there are a growing number of
patients with cardiovascular disease, metabolic syn-
drome and CKD (19). As specified in the Kidney
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Disease: Improving Global Outcomes (KDIGO) guide-
lines, there is an association between obesity, renal
graft dysfunction, graft loss and mortality in the kidney
transplant recipients. There is also a higher risk of peri-
operative complications, illnesses and concomitants
(20, 21).

In this research, we assessed renal function in a
sample of kidney graft recipients during the five-year
post-transplant period with a particular focus on their
BMI. Many studies have shown how weight gain after
transplantation can have long-term adverse effects on
the patients’ renal function. However, in these studies,
weight gain was mainly due to the metabolic syndrome,
including hypertension, diabetes and hyperlipidaemia
(22). Our study demonstrated that the weight gain in the
critical five years after the transplant has an extreme-
ly negative impact on kidney function, which can be
explained by the increased metabolic load stemming
from the weight gain (23).

Factors that explain long-term weight gain in
transplant recipients include their improved appetite,
disappearance of dietary restrictions and limitations
on physical activity due to immunosuppression (24).
In regard to delayed graft function, both obesity and
overweight prevent the kidney from maintaining a satis-
factory filtration rate. This agrees with other studies that
underline obesity as a risk factor that endangers normal
kidney function (25).

Our research showed that a BMI > 25 kg/m? after
the kidney transplant correlated with a higher percent-
age of graft dysfunction. Moreover, as the patients’ BMI
increased, there was a lower GFR, as measured by the
CCr and the SCrCl methods. Since the SCrCl is a kidney
damage marker, as the BMI increased, there was a great-
er kidney distress. This coincides with other studies that
found that a higher BMI (26-28) was accompanied by
higher creatinine levels, which signify a decrease in glo-
merular filtration (29, 30).

CONCLUSION

The results showed that five years after kidney transplan-
tation, recipients experienced a weight gain and had a
higher BMI. This factor contributed to graft dysfunction
as reflected in a lower GFR and graft complications due
to the kidney damage and a progressive loss of kidney
function.
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ORIGINAL ARTICLE

CA 19-9 Could Predict Both Advanced Disease and Nodal Involvement in Primary

Mucinous Endometrial Cancers”
I Selcuk!, S Bas!, M Oz!, E Ozgu!, M Turker?, H Yalcin!, T Gungor'?

ABSTRACT

Objective: As mucinous endometrial carcinoma is a rare disease, a study to evaluate and find
predictive factors of mucinous endometrial carcinoma for advanced disease and nodal involve-
ment was performed.

Methods: Patients who were operated on at the Gynaecologic Oncology Department of Zekai
Tahir Burak Women's Health, Education and Research Hospital between January 2006 and
January 2013 were evaluated, and patients with primary mucinous endometrial carcinoma
were retrospectively analysed.

Results: A total of 16 primary mucinous endometrial carcinoma patients were detected.
Patients were evaluated based on two groups, according to stage. Group 1 consisted of stage
1A patients and group 2 consisted of patients with higher stages than 14 (advanced disease).
Twelve patients (75%) were stage 1A whereas four patients (25%) had higher than stage 1A
disease. Lymph node metastasis and lymphovascular space invasion were significantly positive
in advanced disease (p = 0.011 and p = 0.01, respectively). CA 125 and CA 19-9 levels were
also significantly elevated in patients with advanced disease (p = 0.021 and p = 0.039). On
the other hand, only CA 19-9 was significantly elevated in the patients with nodal metastasis.
Conclusion: Pre-operative work-up of CA-19.9 could predict both advanced disease and
lymph node metastasis for mucinous endometrial cancers.

Keywords: Endometrial cancer, lymph node, lymphovascular space invasion, mucinous tumour, tumour markers.

INTRODUCTION

Endometrial cancer is the most common gynaeco-
logic malignancy. Endometrioid histology is the main
type of this carcinoma and is associated with a good
prognosis and long survival. Endometrial cancer is gen-
erally detected in the early stages, without any nodal
involvement and metastasis. Despite the rarity of the
non-endometrioid type, this type behaves aggressively
and constitutes the major part of recurrences and deaths.
Extrauterine disease is commonly detected with the non-
endometrioid type and nodal involvement may also exist
(1, 2). Mucinous endometrial carcinoma is one of the

non-endometrioid carcinomas and is less than 10% of all
endometrial cancers (3).

Tumour stage, grade, histologic type and depth of
myometrial invasion are important prognostic fac-
tors of endometrial cancer (4). Lymph node metastasis
could upstage a patient and has a direct role in survival.
It has been previously mentioned that mucinous histol-
ogy is also a risk factor for lymph node metastasis (5).
Moreover, tumour markers are generally evaluated in
gynaecologic oncology practice, and have a role in the
management and follow-up (6). In that clinical setting, a
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study to evaluate primary mucinous endometrial cancers
was performed within clinicopathologic parameters.

SUBJECTS AND METHODS

This institutional, ethical board-approved study was per-
formed at Zekai Tahir Burak Women’s Health, Education
and Research Hospital, Turkey. Patients who were oper-
ated at the Gynaecologic Oncology Department between
January 2006 and January 2013 were evaluated, and
patients with primary mucinous endometrial carcinoma
were retrospectively analysed.

Mucinous endometrial carcinoma was defined if the
intracytoplasmic mucin collection is more than 50% of
the total tumour cell population. These cells are posi-
tive for mucicarmine and periodic acid-Schiff stain
(7, 8). We excluded cases with less than 50% of muci-
nous architecture. Patient’s age, menopausal status,
parity, symptom, body mass index (BMI), stage, grade,
myometrial invasion, cervical involvement, tumour
diameter, lymphovascular space invasion (LVSI), lymph
node count-metastasis, peritoneal cytology, cancer anti-
gen (CA) 125, and CA 19-9 values were considered for
analysis.

All patients underwent hysterectomy, bilateral
salpingo-oophorectomy, pelvic-paraaortic lymphadenec-
tomy and omentectomy. The International Federation
of Gynaecology and Obstetrics (FIGO) staging system
for endometrial carcinoma (2009) was performed for
clinical staging. All the operations were performed by
certified gynaecological oncologists and pathology
specimens were interpreted by senior pathologists in
gynaecological oncology.

The statistical analyses were performed by using the
Statistics Package for the Social Sciences version 17.0
(SPSS, Chicago, IL, USA). The Chi-square and Fisher’s
exact tests were used to analyse nominal variables in
the form of frequency tables. Non-nominally distributed
metric variables were analysed by the Mann—Whitney
U test. p-values < 0.05 were considered statistically sig-
nificant. Values were expressed as mean = SD, unless
stated otherwise.

RESULTS

A total of 16 primary mucinous endometrial carcino-
ma patients were detected. The incidence of mucinous
endometrial cancer out of 658 endometrial carcinoma
patients is 2.43%. The median age of the patients was
60, and 12 (75%) were post-menopausal. Vaginal bleed-
ing (n = 12, 75%) was the main symptom and pelvic
pain was the most common accompanying symptom.

Patients were evaluated based on two groups, accord-
ing to the stage. Group 1 consisted of stage IA patients,
and group 2 consisted of patients with higher stages than
1A (advanced disease). Twelve patients (75%) were
stage 1A, four patients (25%) had higher than stage [A
disease; two patients (12.5%) were stage 1B, and two
patients (12.5%) were stage IIIC (2). Mean age, BMI,
parity, tumour diameter, lymph node count, and meno-
pausal status were not significantly different between the
groups (Table 1). Lymph node metastasis and LVSI were
significantly positive in advanced disease (p = 0.011 and
p=0.01, respectively). CA 125 and CA 19-9 levels were
also significantly elevated in patients with advanced dis-
ease (p = 0.021 and p = 0.039) (Table 1).

Table 1: Clinicopathological characteristics of patients according to stage

Characteristics Stage IA > Stage A p-value
n=12) (n=4)

Age 57.1+54 58.7+11.7 >0.05
BMI 31.3+4.6 324457 >0.05
Parity 33+1.8 41+23 >0.05
Postmenopausal 9 (75%) 3 (75%) >0.05
Tumour diameter 1.4+0.7 2.1+15 >0.05
Pelvic lymph node count 47.5+23.1 440+ 15.7 >0.05
Paraaortic lymph node count 19.0+10.1 17.7+£3.5 >0.05
Lymph node metastasis 0 (0%) 2 (50%) 0.011
LVSI 1(8.3%) 3 (75%) 0.01
CA-125 17.4+13.5 48.5+314 0.021
CA-19.9 19.0+11.3 88.2+76.3 0.039

BMI = body mass index; LVSI = lymphovascular space invasion.

Lymph node metastasis was detected in two patients
(12.5%). One of these patients had isolated paraaortic
lymph node metastasis and the other one had pelvic and
para-aortic lymph node metastasis. Only CA 19-9 was
significantly elevated in the patients with nodal metas-
tasis (p = 0.026). The other parameters were similar and
not significant (Table 2).

Table 2: Tumour marker levels of patients according to lymph node me-
tastasis
Characteristics Negative lymph node Positive lymph node P
metastasis (n = 14) metastasis (n = 2)
CA-125 20.2+15.3 50.9 +£40.3 0.08
CA-19.9 18.6 +12.1 148.5+51.6 0.026
DISCUSSION

Mucinous metaplasia of the endometrial glands showed
variable degrees of epithelial change with or without
intraglandular micropapillary features. Additionally, a
complex, glandular architecture similar to low-grade,
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mucinous adenocarcinoma could also be seen (9).
Lesions with these histopathologic features could be
precancerous lesions of mucinous adenocarcinoma (10).
Cytologic atypia is an important predictor of malignancy
risk for mucinous proliferations (11). In that clinical set-
ting, care should be taken during the evaluation of these
patients.

Mucinous endometrial carcinoma is a rare histologic
subtype of endometrial cancer. Because of the limited
number of studies, only retrospective, small cohorts
shape the clinical management. Stage and grade are the
most important prognostic factors. Mucinous tumours
generally present in the elderly people. Mucinous endo-
metrial carcinomas may present as an advanced stage
tumour (2). However, Jalloul et al. (12) had reported
mucinous endometrial carcinomas as low-grade and ear-
ly-stage tumours. Nevertheless, the frequency of deep
myometrial invasion should not be underestimated for
mucinous endometrial cancers (13). Within this study,
12 patients (75%) were stage IA and 10 patients (62.5%)
were in grade 1 histology.

Musa et al. (5) performed a case-control study with
mucinous and endometrioid endometrial carcinomas
and found mucinous histology as an independent predic-
tor of lymph node metastasis. However, the risk of deep
myometrial invasion does not increase. A recent analysis
of surveillance, epidemiology, and end results (SEER)
analysed 103 097 endometrioid endometrial adenocarci-
noma patients (98.5%), and 1562 mucinous endometrial
adenocarcinoma patients (1.5%), and found the extent of
nodal metastasis higher for patients with a mucinous car-
cinoma (3). Despite these findings, the survival period
for mucinous endometrial carcinoma patients does not
decrease after stage-matched analysis (2). The SEER
database also showed that mucinous histology does not
affect cancer-specific survival (3).

Disease-specific survival for mucinous endo-
metrial carcinoma patients with hysterectomy and
pelvic-paraaortic lymphadenectomy was not different
from endometrioid endometrial cancer patients, accord-
ing to the SEER analysis. Despite a low-grade disease,
mucinous endometrial cancers could have lymphatic
metastasis. On the other hand, lymphadenectomy is con-
troversial for early-stage and low-grade cancers (3, 14).
In this study, lymph node metastasis and LVSI were more
common in the advanced stage group. However, we per-
formed retroperitoneal, systematic lymphadenectomy
to all patients as standard surgical therapy. There is a
debate on the best surgical practice for early-stage muci-
nous endometrial carcinoma patients. Owusu-Darko

et al. (15) performed a case-control study and did not
find any difference between mucinous endometrial car-
cinoma and endometrioid endometrial carcinoma on
overall survival and disease-free survival when treated
with hysterectomy and bilateral salpingo-oophorectomy.
Gungorduk et al. (16) also did not find any difference
regarding the survival analysis of mucinous and endo-
metrioid endometrial cancers. However, they suggested
routine retroperitoneal lymphadenectomy for mucinous
endometrial carcinoma patients because of the increased
incidence of lymph node metastasis. Despite the tendency
towards lymphatic dissemination, the risk of myometri-
al invasion does not increase significantly in mucinous
endometrial carcinomas (7). It is a less aggressive form
of endometrial cancer with similar management options
as endometrioid endometrial carcinoma (3). Whorley
et al. (17) showed an increased incidence of myometrial
invasion for patients with mucinous endometrial carci-
noma. Nevertheless the incidence of deep myometrial
invasion was not higher, a finding also reported by Musa
et al. (5). They did not find any significant difference for
LVSI. In contrast to that study, LVSI was more common
in the advanced stage group of our patient cohort.
Tumour markers are commonly used parameters of
gynaecologic oncology practice. They play a role in the
detection and monitoring of malignancies, especially
ovarian cancer. CA-19.9 is a monosialoganglioside,
associated with mucins in gastrointestinal adenocarci-
nomas (18) and CA-125 is known to be expressed in
the coelomic epithelium, including the Mullerian epi-
thelium, peritoneum, pleura, and pericardium (19). The
functional rationale for the use of these markers has
been proposed in various studies previously. There are
many ongoing studies related to endometrial cancer and
tumour markers. We found CA-125 and CA-19.9 signifi-
cantly elevated in the group of advanced disease patients.
However, the only significant parameter for patients with
lymph node metastasis was CA-19.9. Neunteufel et al.
(20) reported an association between well-differentiated
endometrial adenocarcinomas and CA-19.9 positivity.
Duk et al. (21) proposed a significance between stage
and CA-125 for endometrial cancers. Kanat-Pektas et
al. (22) defined elevated levels of CA-125 and CA-19.9
for endometrial carcinoma that was also correlated with
tumour stage. However, non-selective elevations of
these markers with various benign and malignant situ-
ations show the poorness of these markers. Baser et al.
(23) found CA-125, CA-19.9, and CA-15.3 were sig-
nificant in predicting postoperative adjuvant therapy
need. CA-125 was especially important during this



Selcuk et al

management. Since the progressive increase of CA-125
from well to poorly differentiated carcinomas, Cherchi
et al. (24) defined CA-125 as the most valuable marker
for endometrial carcinomas.

The data regarding mucinous endometrial carcino-

mas are limited. The need of the tumour markers for the
prediction of prognosis and prognosticators is controver-
sial, and there is also controversy regarding sensitivity
and specificity. On the other hand, CA-125 is a well-
known marker with extensive literature data. In this
article, CA-19.9 is proposed as a marker for mucinous
endometrial carcinomas, and we have not found similar
research.

CONCLUSION

In conclusion, mucinous endometrial carcinomas are
generally low-grade and low-stage cancers with an
increased risk of nodal metastasis. Pre-operative workup
of CA-19.9 could predict both advanced disease and
lymph node metastasis for these tumours.
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ORIGINAL ARTICLE

Serum Red Blood Cell Distribution Width Level of Chronic Obstructive Pulmonary

Disease Patients and the Characteristics of the Exacerbation
S Argun Baris!, T Onyilmaz?, EK Ucar?®, I Basyigit', H Boyaci!, F Yildiz!

ABSTRACT

Objective: Red blood cell distribution width (RDW) is a measure of red blood cell size hetero-
geneity. The aim of this study is to evaluate the relationship between the RDW level and the
characteristics of the chronic obstructive pulmonary disease (COPD) exacerbations.
Methods: The records of the hospitalised COPD patients were evaluated retrospectively. The
demographic characteristics, duration of follow-up and the numbers of exacerbations and
hospitalisations, duration of the hospital stay, need of non-invasive mechanic ventilation
(NIMYV) or intensive care unit (ICU) and laboratory findings were recorded.

Results: There were 35 women (18.5%), 154 men (81.5%), Totaling 189 patients whose mean
age was 67.4 = 10.6 years. The mean durations of follow-up and hospitalisation were, respec-
tively, 2.85 £ 2.5 years and 8.5 + 5.4 days. Forty-one of the patients (22%) were current smok-
ers and 115 of them (61.8%) were ex-smokers. Nearly one-third of the patients (34.9%) had
increased RDW levels. When the patients with an increased RDW level compared to normal
ones, no statistically significant difference was found with respect to the gender, smoking his-
tory, smoking pack-years, numbers of the exacerbation and hospitalisation, duration of hos-
pital stay and need of NIMV or ICU. However, it was found that the presence of exitus was
significantly higher in patients with an increased RDW level (p = 0.02).

Conclusion: This study suggested that an increased level of RDW might be related with
increased mortality in COPD patients. Further long-term prospective studies with healthy
controls and COPD patients in both stable and exacerbation periods are needed in order to
evaluate clinical significance of these findings.

Keywords: COPD, RDW, exacerbation, hospitalisation, mortality

INTRODUCTION

Red blood cell distribution width (RDW) is a measure of
red blood cell size heterogeneity and it reflects the eryth-
rocyte morphology (1). It is a component of complete
blood count and it is used in the differential diagnosis
of anaemia (2). Furthermore, systemic inflammation,
ineffective erythropoiesis, nutritional deficiencies, bone
marrow dysfunction or increased destruction can also
cause a higher RDW. Recent evidence reports that acute
or chronic disorders such as cardiovascular diseases
(CVD), cancer, sepsis, chronic obstructive pulmonary
disease (COPD), pulmonary thromboembolism (PTE),

diabetes mellitus, liver and kidney failure are related
with increased RDW levels (1-4).

It is also reported that higher RDW levels may reflect
underlying chronic inflammation, which can result
in an increased mortality (3). There is an association
between increased RDW levels and high mortality risk
in both general population and some diseases including
CVD and COPD (2, 3). COPD is a systemic disease
and inflammation has an important role on develop-
ment of COPD. COPD-related inflammation may also
impair erythropoiesis and cause increased RDW levels,
as do other chronic inflammatory processes. However,
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there are limited studies evaluating the relation among
COPD, mortality and RDW levels (1, 3).

Chronic obstructive pulmonary disease is a treat-
able and preventable systemic disease, characterised by
persistent airflow limitation that is usually progressive
and associated with an increased inflammatory response
to noxious particles and gases (5). It is the fifth lead-
ing cause of death and estimated to be the third in 2030
worldwide (6). Exacerbations are an important cause of
mortality and morbidity in COPD patients (7, 8). The
aim of this study is to evaluate the relationship between
the RDW level and the characteristics of the COPD
exacerbations.

SUBJECTS AND METHODS

The medical records of the hospitalised patients with
COPD exacerbation in the Pulmonary Diseases Clinic
were evaluated retrospectively. The exacerbation of the
COPD was defined as an acute event characterised by a
worsening of the respiratory symptoms that was beyond
normal day-to-day variations and led to a change in
medication (5).

The demographic characteristics, smoking history,
duration of follow-up and the numbers of exacerbations
and hospitalisations, duration of the hospital stay, need
of non-invasive mechanic ventilation (NIMV) or inten-
sive care unit (ICU) were recorded. Laboratory findings
including haemogram and artery blood gas analysis that
were taken on the first day of hospitalisation were also
recorded.

Exclusion criteria

Patients with other lung diseases such as tuberculosis,
bronchiectasis and interstitial lung disease were exclud-
ed. Patients with iron or vitamin deficiencies (such as
B12 or folate) and recent transfusions were also exclud-
ed from the study.

Laboratory analysis

The red cell distribution width was assessed by flow
cytometric analysers as the part of the routine full blood
count. The red blood cell distribution width was calcu-
lated as (standard deviation of red cell volume/mean cell
volume) x 100. The normal range was between 12.2%
and 17.2% in our laboratory.

Statistical analysis

Statistical analyses of the study were performed using
IBM SPSS for Windows version 20.0 (SPSS, Chicago,
IL, USA). Categorical variables were expressed as

counts (percentage). Numeric variables were expressed
as mean and standard deviation. Comparisons of cat-
egorical variables between the groups were performed
using the Chi-square test. A two-sided p-value < 0.05
was considered statistically significant.

RESULTS

There were 35 women (18.5%), 154 men (81.5%), total-
ling 189 patients. The mean age was 67.4 = 10.6 years.
The mean durations of follow-up and hospitalisation
were, respectively, 2.85 + 2.5 years and 8.5 £ 5.4 days.
Forty-one of the patients (22%) were current smokers
and 115 of them (61.8%) were ex-smokers. Respiratory
infections (72%) were the most common causes of the
exacerbations. Demographic data, the characteristics of
exacerbation and laboratory findings of the patients are
shown in Tables 1 and 2.

It was found that the level of RDW was increased in
one-third of the patients (34.9%). Retrospective analyses
of 189 COPD patients revealed that the RDW level had a
mean value of 16.95 £ 2.2. The comparison of exacerba-
tion characteristics and laboratory parameters according
to the RDW levels are shown in Table 3.

When the patients with increased RDW level were
compared to normal ones, no statistically significant dif-
ference was found with respect to the gender, smoking
history, smoking pack-years, numbers of the exacerba-
tion and hospitalisation, duration of hospital stay and
need of NIMV or ICU (Table 4). However, it was found
that the presence of exitus was significantly higher in
patients with increased RDW level (p = 0.02) (Figure).

DISCUSSION

This study demonstrated that nearly one-third of the
hospitalised COPD patients with the exacerbation had
increased RDW levels. There were no statistically sig-
nificant differences of gender, smoking history, smoking
pack-years, numbers of the exacerbation and hospitali-
sation, duration of hospital stay and need of NIMV or
ICU in patients with increased RDW level compared to
normal ones. However, it was found that the presence of
exitus was significantly higher in patients with increased
RDW level.

The red blood cell distribution width (RDW) is a
simple and cheap parameter, which is a component of
the haemogram. It reflects the degree of heterogeneity
of erythrocyte volume. It is also known as anisocytosis.
The red blood cell distribution width is used for differ-
ential diagnosis of anaemias (2). Beside this, RDW is
a recently recognised biomarker of adverse outcome in
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Table 1: Demographic characteristics of the patients
n %
Gender Female 35 18.5
Male 154 81.5
Smoking history Non-smoker 30 16.1
Current smoker 41 22
Ex-smoker 115 61.8
RDW Normal RDW 123 65.1
Increased RDW 66 349
NIMV &) 114 60.3
Ie) 75 39.7
ICU &) 175 92.6
e 14 7.4
Exitus - 177 93.7
+) 12 6.3

ICU = intensive care unit; NIMV = non-invasive mechanic ventilation;
RDW = red blood cell distribution width.

Table 2: The characteristics of exacerbation and laboratory parameters

Min Max  Mean £ SD
Age, years 35 93 67.4+10.6
Smoking pack/year 0 140 42.8+299
The number of exacerbation, n 1 20 29+34
The number of hospitalisation, n 1 12 2.1+2.1
Duration of hospitalisation, day 1 34 85+54
Haemoglobin g/dL 8.9 18.1 13.03+1.7
Haematocrit, % 25.2 55.1 39.8+53
RDW 13.4 27.1 16.95+2.2
CRP, mg/dL 0.04 4782  8.04+10.1
PaCO,, mmHg 22 92 48.7+14.2
SO,, % 65.6 99.1 90.1+10.1

CRP = C-reactive protein; RDW = red blood cell distribution width;
SD = standard deviation.

Table 3: The comparison of exacerbation characteristics and laboratory pa-
rameters according to RDW levels
Normal Increased  p-value
RDW RDW
Age, years 66.8+10.8 68.6+9.97 0.15
Smoking pack/year 40.8+28.6 463+32 0.7
The number of exacerbation, n 29+34 3.02+34 0.1
The number of hospitalisation, n 205+1.9 22+23 0.7
Duration of hospitalisation, day 8.61 £5.8 84+45 0.8
CRP, mg/L 8.6 £10.7 7.02+8.9 0.42
PaO,, mmHg 67.7+189 66.3+16.7 0.08
PaCO,, mmHg 472+13.6 51.03+15.1 0.007
SO,, % 90.7+7.8 89.3+7.6 0.47

CRP = C-reactive protein; RDW = red blood cell distribution width.

various acute and chronic conditions (9). An increased
RDW is related with both impaired erythropoiesis and
abnormal red blood cell survival, which may be attrib-
uted to a variety of underlying metabolic abnormalities

Table 4: Demographic characteristics of the patients according to RDW

level
Normal RDW Increased RDW p-value
n % n %
Gender Female 19 15.4 16 24.2 0.13
Male 104 846 50 75.8 ’
Smoking  Non-smoker 19 15.8 11 16.7
history
Current smoker 25 20.8 16 24.2 0.8
Ex-smoker 76 63.3 39 59.1
NIMV -) 80 65 34 51.5 0.07
) 43 35 32 485 '
ICU -) 116 94.3 59 89.4
0.07
) 7 5.7 7 10.6
Exitus -) 119 96.7 58 87.9
0.02
) 4 33 8 12.1

ICU = intensive care unit; NIMV = non-invasive mechanic ventilation;
RDW = red blood cell distribution width.

96.7

100
80
60

40
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0 T 1
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20

|:| Normal RDW - Increased RDW

Figure: Comparison of RDW levels according to presence of exitus.
RDW = red blood cell distribution width.

such as oxidative stress, inflammation, erythrocyte frag-
mentation and alteration of erythropoietin function (2).
Anisocytosis can also see in some disorders such
as cardiovascular disease, cancer, sepsis, diabetes,
liver/kidney failure and respiratory diseases includ-
ing community acquired pneumonia (CAP), venous
thromboembolism and COPD (2, 4, 10—12). The studies
evaluating the relation between COPD and RDW levels
are limited (1, 3). In a retrospective analysis of stable
COPD patients, it was revealed that RDW is positively
correlated with C-reactive protein (CRP), right ventricu-
lar dysfunction and pulmonary arterial hypertension
(3). In a multivariable logistic regression analysis, the
presence of high RDW was found to be only for inde-
pendent parameter predicting right ventricle (RV) failure
in COPD patients and it is suggested that RDW may be
used to identify COPD patients with RV failure (13).
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Chronic obstructive pulmonary disease is a treatable
and preventable systemic disease characterised by per-
sistent airflow limitation that is usually progressive (5).
It is one of the most important causes of mortality and
morbidity worldwide. Particularly in older-age groups in
the United States, it is among the 10 most important dis-
ease-causing hospitalisations and death with increasing
prevalence day-by-day (14). Exacerbations are the most
frequent cause of morbidity, hospital admission and
mortality in COPD (15). The exacerbation of the COPD
is defined as an acute event characterised by worsening
of the respiratory symptoms that was beyond normal
day-to-day variations and led to a change in medication
(5). Respiratory failure can be seen in the exacerbation
of COPD. The arterial blood gas analysis is an important
tool for defining respiratory failure and to start NIMV
therapy in COPD patients. The relation between RDW
and arterial blood gas analysis parameters of COPD
patients was also investigated. It is reported that oxygen
saturation is significantly lower for patients with an
elevated RDW (1). In our study, it was also found that
mean PaO, and oxygen saturation values were lower in
patients with increased RDW levels compared to normal
ones. However, the difference was not statistically sig-
nificant. Beside this, mean PaCO, was significantly
higher in patients with increased RDW level compared
to normal ones (51.03 £ 15.1 vs 47.2 £ 13.6, p = 0.007).
It suggests that RDW level may be useful for predicting
hypercapnic COPD patients who needs NIMV therapy.

The stage of COPD is assessed by the pulmonary
function test, health status and presence of exacerbation/
hospitalisation (5). It reflects the severity of disease.
There is a study evaluating the relation between RDW
level and the stage of disease. The highest RDW is
observed in the very severe stage (p < 0.001) of COPD
patients in the study by Tertemiz et a/. (1). In our study, it
was not possible to compare the RDW levels according
to stages of disease due to its retrospective design. There
was a lack of data about health status assessed by modi-
fied Medical Research Council (mMRC) Questionnaire
or COPD assessment test (CAT) due to the retrospective
nature of this study. Furthermore, most of the patients
were not able to perform the pulmonary function test
since they had a severe dyspnoea due to exacerbation.

The association between RDW level and length of
stay (LOS) in hospital is also investigated in recent stud-
ies (11, 16). The red blood cell distribution width (RDW)
is associated with length of stay in hospital and use of
vasopressors in hospitalised patients with CAP (11).
Greater initial RDW and change of RDW during the

heart failure hospitalisation are associated with longer
LOS, suggesting that both initial RDW and change of
RDW during the hospitalisation may be helpful in per-
sonalising prognosis and treatment (16). In contrast,
there was no significant difference of LOS in the hos-
pital between the groups in our study. It is thought that
study populations including different diseases might be
responsible for opposite results.

The baseline RDW and an increase in RDW during
the hospitalisation are also compared in patients with
sepsis and heart failure (16, 17). It is reported that there
is an increase in RDW from baseline during the first
72 hours after the hospitalisation, and it is significant-
ly associated with adverse clinical outcomes in sepsis.
Therefore, it is suggested that a combination of baseline
RDW value and an increase in RDW can be a promising
independent prognostic marker in patients with severe
sepsis or septic shock (17). It is also suggested that both
initial RDW and change of RDW during the hospitali-
sation may be helpful in personalising prognosis and
treatment of patients with heart failure (16). However,
it was not possible to evaluate the role of RDW changes
during the hospitalisation on adverse clinical outcomes
due to retrospective design of this study.

A potential independent association is recently demon-
strated between high RDW levels and the risk of all-cause
mortality in critically ill patients, although the underly-
ing mechanism is still unclear (17). An elevated RDW has
been associated with adverse outcomes of heart failure,
infective endocarditis, VTE and idiopathic pulmonary
hypertension (9,18). The RDW is recognised as a mortali-
ty marker in patients with CVD (3). It is also reported that
baseline RDW is significantly associated with incidence
of fatal cardiac events (19). An increased RDW conveys
an important information for both short- and long-term
prognosis (3). Greater initial RDW and change of RDW
during the heart failure hospitalisation are associated with
30-day mortality (16). The RDW is found to be associated
with 30-day mortality in hospitalised patients with CAP
(11). Even more importantly, the value of RDW is now
being regarded as a strong and independent risk factor
for death in the general population (2). Furthermore, the
studies evaluating the role of RDW on mortality in COPD
patients are also support these findings (1, 3). Elevated
RDW levels are associated with an increased mortality
risk in stable COPD patients (3). It is suggested that there
is a correlation between survival of COPD patients and
RDW levels (1). Also, the presence of exitus was signifi-
cantly higher in patients with an increased RDW level in
our study as similar to the literature.
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There were several limitations of this study that
should be considered. Firstly, it was a retrospective
investigation, and data collection was based on medi-
cal records. Secondly, it reflected the RDW levels of
only hospitalised patients with COPD exacerbation. So,
the study group did not include outpatients and study
population was relatively small. Furthermore, it was not
possible to compare the RDW results of the patients in
stable or exacerbation periods. Thirdly, only baseline
RDW levels of the patient were recorded, so comparing
the role of changes of RDW levels during the hospitali-
sation on adverse clinical outcomes was not possible.
Fourthly, it was not possible to assess the patient’s health
status by modified Medical Research Council (mMRC)
Questionnaire or COPD assessment test (CAT) and to
evaluate the new classification of COPD because of its
retrospective nature. So, the severity of the disease was
not classified.

CONCLUSION

Early detection and effective treatment of exacerbations
are key factors that may reduce in hospital admissions.
The RDW is a simple, easy to perform and cheap param-
eter. It might be useful for predicting hypercapnic COPD
patients who needs NIMV therapy in the exacerbation
period. Also, it is suggested that an increased level of
RDW might be related with increased mortality in
COPD patients. Further long-term prospective studies
with healthy controls and COPD patients in both stable
and exacerbation periods are needed in order to evaluate
clinical significance of these findings.
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Thyroid Dysfunction Related to Interferon in Turkish Patients with Viral Hepatitis:

Incidence and Influencing Factors
R Harman!, E Sahin?

ABSTRACT

Objective: Interferon therapy is widely used for patients with chronic viral hepatitis B and C
(CHB-C). It is known that thyroid gland dysfunction (TD) may develop secondary to interferon
treatment, but different frequencies of TD development are reported in the literature. For this
reason, we aimed to investigate the incidence of TD developing secondary to interferon treat-
ment in patients with CHB-C, treated in our clinic, and identify possible influencing factors.
Methods: A total of 93 CHB-C patients treated with interferon were included in this study. Tests
of thyroid functions (thyroid-stimulating hormone (TSH), FT3, FT4), thyroid auto-antibodies
(Anti-Tg, Anti-TPO) were done before starting interferon treatment, during, and after treat-
ment. Patients who did not have normal thyroid gland functions were not included in this study.
Results: TD was observed to develop in a total of 20 patients (21.5%). TD had developed in the
first six months after initiation of interferon therapy. In 18.3% of these patients, the condition
was temporary, while 3.2% of patients required treatment for TD. The most frequently seen
condition was the subclinical types. Age (over 40 years) (OR: 7.25 95% CI: 1.46, 35.80, p =
0.015) and sex (female) (OR: 5.83 95% CI: 1.31, 25.76, p = 0.020) were found to be statisti-
cally significant independent risk factors in TD development.

Conclusion: Although TD secondary to interferon treatment in patients with CHB-C may
develop in a substantial proportion of cases, most of these cases are temporary and do not
require TD treatment. Independent risk factors in TD development were found to be sex and age.

Keywords: Chronic viral hepatitis, interferon, thyroid gland dysfunction

INTRODUCTION

Chronic viral hepatitis consists of a group of diseases
widely seen all over the world, and which may result
in hepatic failure, cirrhosis, or hepatocellular carcinoma,
while chronic viral hepatitis B and C (CHB-C) are the
most frequently seen types.

Although there are newly developed anti-viral agents
with direct effects in CHB-C treatment, interferon
(a-2a,-2b) and antiviral nucleoside analogues (ribavirin)
are routinely accepted as standard therapeutic agents.

Among these standard agents, some unwanted effects,
such as haematologic changes (anaemia, neutropenia,
thrombocytopenia), flu-like symptoms, fever, depres-
sion and endocrinologic disorders may be seen due to
interferon (1-3). The most frequently seen and known

effect on the endocrinologic system, apart from the liver,
is dysfunction of the thyroid gland. In many studies on
this dysfunction, different results were reported on the
incidence of thyroid gland dysfunction (TD) between 3
and 35% (4-7).

Although the TD is believed to be mediated by auto-
antibodies, the exact mechanism is not known. In some
studies, TD was shown to develop more frequently in
patients with chronic hepatitis C (CHC), in comparison
to patients with chronic hepatitis B (CHB), which sug-
gested that causes of viral origin may be effective in the
development of TD (8).

In various research studies, sex presence of thyroid
auto-antibodies, and ethnic factors were shown to be
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associated with TD developing due to interferon (IFN)
(7-11).

CHB-C is a frequently encountered health problem
in our country and similar to global practice, interferon
is widely used in its treatment. When the literature is
examined, the number of studies showing the incidence
of TD developing due to IFN use in patients with CHC
in Turkey is scarce, and data evaluating CHB-C patients
together is missing. For this reason, we aimed to inves-
tigate the incidence of TD developing secondary to
interferon use in patients with CHB-C, and associated
risk factors.

SUBJECTS AND METHODS

Patients

Patient file records of individuals diagnosed with
CHB-C, and who were treated and followed-up between
2010 and 2015 in a private SANKO hospital, were exam-
ined retrospectively. The main inclusion criteria of this
study were: age over 18 years, being treated with IFN
due to CHB-C for at least four weeks, absence of known
thyroid disease before IFN treatment, and thyroid gland
functions in the normal range. The patients with HIV
infection, presence of other hepatic disorders (Wilson’s
disease, alcoholic-autoimmune liver disease), and those
with abnormal thyroid gland function tests before treat-
ment were excluded from the study.

The diagnosis of CHB-C was based on clinical, labo-
ratory, USG and histopathological findings. Hepatitis B
and C markers (HBsAg, HBeAg, anti-HBclIgM, anti-
HBclIgG, anti-HBe, anti-HBs, anti-hepatitis C [HCV])
were measured from patient peripheral blood samples by
microparticle ELISA method (Abbott-Architec 12000sr,
Malvern, Pennsylvania, USA), measurement of levels of
HBV-DNA, HCV-RNA and HCV genotyping were done
with real-time polymerase chain reaction device.

The patients who were included in the study were
classified into two groups according to viral types as
follows:

Group 1

A total of 46 patients with a diagnosis of CHB were
designated as group 1, 22 were females and 24 were
males, with an age range of 20-61 years (mean 37.4
+ 10.3 years). In patients with CHB, pegylated inter-
feron alpha-2b were administered via the subcutaneous
route (<40 kg: 50 mcg/week, 40—64 kg: 80 mcg/week,
65-75 kg 100 mcg/week, 76—85 120 mcg/week, >80 kg
150 mcg/week) for a period of 48 weeks.

Group 2

A total of 47 patients with a diagnosis of CHC were des-
ignated as group 2. Of these, 16 patients were females
and 31 were males, with an age range of 18-71 years
(mean 52.6 = 12.5 years), 44 patients (93.6%) were of
the genotypelb, while the other 3 patients had genotypes
2, 3 and 4 subtypes.

In patients with CHC, pegylated interferon alpha-2b
was administered via the subcutaneous route (< 40 kg:
50 mcg/week, 40-64 kg: 80 mcg/week, 65-75 kg
100 mcg/week, 76-85 120 mcg/week, > 80 kg 150 mcg/
week) and ribavirin was given via the oral route (< 64 kg
800 mg/day, 65-85 kg 1000 mg/day, > 85 kg 1200 mg/
day) as a combination therapy. This combination treat-
ment was given for 48 weeks for genotypes 1 and 4,
while it was given for 24 weeks for genotypes 2 and 3.

Evaluation of thyroid functions

Medical history query, physical examination, and tests
of thyroid functions (free triiodothyronine (FT3), free
thyroxin (FT4), thyroid-stimulating hormone (TSH))
and thyroid auto-antibodies (anti-thyroid peroxidase
(anti-TPO) and anti-thyroglobulin (anti-TG)) were done
for all patients before IFN treatment.

FT3, FT4, and TSH measurements were done by
ultra-sensitive immune chemoluminescence non-com-
petitive assay (ICMA) (Immmulite 2500 DPC, Siemens,
Erlangen, Germany).

The reference range was 0.55-4.78 mlU/ml for
TSH; 0.8-2.0 ng/dL for FT3; 0.89—1.76 ng/dl for FT4;
<35 Iu/ml for anti-TPO; and <40 Iu/ml for anti-TG.

During treatment with IFN, the histories of the
patients were evaluated every 3 months, with physi-
cal examination and TSH measurements. Those with
an abnormal TSH level were considered as patients in
whom TD had developed and levels of FT3, FT4, anti-
TPO, and anti-TG were measured. These patients were
followed-up at more frequent (every 6weeks) intervals.

Patients in whom TD had developed were classified
according to tests of thyroid functions as follows: overt
hypothyroidism (TSH level over normal and FT3-FT4
levels under normal limits), subclinical hypothyroidism
(TSH level over normal limits and FT3-FT4 in normal
limits), subclinical hyperthyroidism (TSH level below
normal limits and FT3—FT4 levels in the normal range)
and overt hyperthyroidism (TSH level below the normal
limits and FT3-FT4 level over the normal limits).

While treatment of patients in whom overt hypothy-
roidism or overt hyperthyroidism have developed was
started immediately, appropriate treatment for patients
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in whom subclinical hypothyroidism or subclinical
hyperthyroidism had developed was decided according
to symptoms, physical examination findings and differ-
ences in laboratory measurements.

Statistical analysis

Analysis of the data was done with PASW® Statistics 18
software (SPSS Inc., Chicago, IL, USA). In the evalua-
tion of data, mean, standard deviation, median, minimal
and maximal values were used as descriptive statistical
methods. Shapiro—Wilk test was used to determine the
normal distribution of the data. Inter-group compari-
sons for categorical data were done with chi-square test,
and student #-test was used for continuous variables.
Logistic regression analysis was done in order to define
independent factors associated with TD development;
p < 0.05 was considered as statistically significant.

RESULTS

A total of 93 patients with CHB-C (47 CHC, 46 CHB)
who met the inclusion criteria were included in this
study. Thirty-eight of them were females (F), fifty-five
were males (M), aged between 18 and 71 years (mean;
44.8 £ 13.7 years).

Of these 93 patients, TD development was observed
in 20 (15F, 5M; 21.5%). Eleven of them (7 F, 4 M) had
CHB, and 9 (8 F, 1 M) had CHC, with an age range
of 30-71 years (mean: 49.7 = 11.5 years). While the
frequency of TD occurrence did not show statistically
significant differences in terms of type of chronic viral
hepatitis (p = 0.57), it was significantly higher among
females in group 2 and in the whole of the group
(group 1: p = 0.2, group 2: p = 0.0001, whole study
group; p = 0.0004).

The mean age of patients with CHB in group 1 was
37.4 £ 10.3 years, and the mean age of patients with
CHC in group 2 was 52.6 + 12.5 years, and this differ-
ence between the groups was statistically significant
(» < 0.00001). In patients in whom TD had developed,
statistically significant differences were not found in
terms of age in their groups and in the whole study group
(» =0.06, 0.09, 0.07).

Thyroid gland dysfunction (TD) was detected in the
3rd month after initiation of therapy in 10 patients, in
the 6™ month in 4 patients, and in the 12" month in 6
patients. In other words, TD had developed in the first
6 months after initiation of interferon therapy in 14
patients (70%). Nine of them had CHB, and 5 had CHC,
with no statistically significant differences between the
two groups (p =0.2).

At the time of first diagnosis, the type of TD was
overt hyperthyroidism in 1 patient, subclinical hyper-
thyroidism in 9 patients, subclinical hypothyroidism in 7
patients, and overt hypothyroidism in 3 patients. Among
the 14 patients who were diagnosed to have TD in the
first 6 months, 7 had subclinical hyperthyroidism, 5 had
subclinical hypothyroidism, 1 had overt hyperthyroid-
ism, and 1 had overt hypothyroidism.

Patients in whom TD had developed were followed
up for 24 months after IFN therapy was completed. At
the end of the 24™ month, 17 patients (13 F, 4 M) in
whom TFTs had returned to normal were considered to
have temporary type, and 3 patients (2 F, 1 M) in whom
TFTs had not returned to normal were considered to
have permanent type TD.

Among 17 patients with temporary type TD (after
IFN therapy was completed) TFTs returned to normal
in the 6th month in 9 patients, in the 12th month in 6
patients, and in the 18th month in 2 patients. Medication
use was needed in only 3 patients (2 with overt hypo-
thyroidism, 1 with overt hyperthyroidism) during the
follow-up period.

Before IFN therapy, thyroid autoantibodies (anti-
TPO and/or anti-TG) were elevated in 9 of 93 patients
(7 with CHC and 2 with CHB). Among the 20 patients
who developed TD, thyroid autoantibodies were initially
elevated in 5 patients (3 with CHC and 2 with CHB), and
this difference was statistically significant (p = 0.008).
Of the 3 patients with permanent-type TD (2 F, 1 M),
one patient with CHB had overt hypothyroidism, while
the other two patients (male with CHB and female with
CHC) had subclinical hyperthyroidism.

Genotyping of patients with CHC was done and 44
(93.6%) were found to have genotype 1b while 3 patients
had a different genotype (genotypes 2, 3 and 4). All of
the patients in whom TD had developed were in the 1b
genotype.

In the 3-year follow-up of patients with CHB, in
terms of hepatitis treatment, a complete response was
observed in 26 patients (56.5%), 13 patients had a recur-
rence and 7 patients were unresponsive to treatment,
while among 11 patients in whom TD had developed
a complete response was observed in 5 patients (45%),
recurrence in 5 patients and 1 patient was unresponsive
to treatment. There were no statistically significant dif-
ferences between patients in whom TD had or had not
developed in terms of response to hepatitis treatment
(p=0.33).

In the 3-year follow-up of patients with CHC, in
terms of hepatitis treatment, a complete response was
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observed in 29 patients (61%), recurrence was observed
in 10 patients and 8 patients were observed to be unre-
sponsive to treatment, while among 9 patients in whom
TD had developed, 5 (55%) showed a complete response,
3 showed recurrence and 1 patient was unresponsive to
treatment. There were no statistically significant dif-
ferences between patients in whom TD had or had not
developed in terms of response to hepatitis treatment
(p =0.58).

Some of the data showing the findings that were
mentioned are presented in Table 1.

Table 1: Demographic, clinical and laboratory characteristics of the patients
and a comparison
Feature TD (+) TD(-) pvalue All
(N=20) (N=173) (N=93)
Age (mean-SD), years  49.7+11.5 44.6+13.5 >0.05* 44.8+13.7
Sex (male/female) 5/15 50/23 <0.05° 55/38
Viral hepatitis type 11/9 35/38 >0.05° 46/47
(CHB/CHC)
Presence of thyroid 5/15 4/69 <0.05° 9/84
auto-antibodies (yes/no)
Response to IFN 10/8/2 45/15/13  >0.05*  55/23/15
treatment (response/
recurrence/no response)
CHB 11 35 - 46
(genotype) ) o) )
CHC (genotype 1b/ 9 38 - 47
other genotypes) (9/0) (35/3) (44/3)

N = patient number; TD: thyroid gland dysfunction; SD = Standard deviation;
CHB = chronic hepatitis B; CHC = chronic hepatitis C.

2= According to the independent r-test.

b= According to the chi-square test.

All of the study group (CHB-C) and both groups (CHB
and CHC) were separately examined with multiple
regression analysis in terms of the association of inde-
pendent factors, such as sex, age (below 40 years and
above 40 years), thyroid auto-antibodies (present or
absent), viral type, and response to hepatitis treatment
with the development of TD. Among these, age and sex
were statistically significant variables and age, over 40
years, (OR: 7.25 95% CI: 1.46, 35.80, p = 0.015) and
female sex (OR: 5.83 95% CI: 1.31-25.76, p = 0.020)
were found to be independent risk factors in TD
development.

Evaluation of risk factors that could be associated
with thyroid dysfunction with multiple regression analy-
sis are presented in Table 2.

DISCUSSION
When the literature is reviewed (4—7), incidence of TD
developing secondary to IFN therapy in patients with

Table 2: Evaluation of risk factors that may be associated with thyroid dys-
function with multiple regression analysis
Variable OR 95% CI  p value
Age* 7.25 1.46-35.80 0.015
Sex (female) 5.83 1.31-25.76  0.020
Viral type 0.0345  0.09-1.27 0.111
Thyroid auto-antibodies 2.24 0.41-12.01  0.345
Response to treatment® 1.41 0.36-5.45 0.614

OR = odds ratio.
2 <40 and > 40 years.
®: Yes or no.

chronic viral hepatitis is observed to be in a wide range,
such as 3%—35%. These different results may be relat-
ed to many factors, such as genetic predispositions of
patients included in studies, regional-ethnic differences,
different TD definitions, treatment regimes, viral types
and genotypes. The incidence of TD in patients with
CHB-C treated with PEG-IFN was 21.5% (23.9% for
CHB and 19.5% for CHC) in the present study. Although
this result is higher than that reported by a meta-analysis
(13) (approximately 6%), it may be considered similar to
the incidence (16.8%) found in the study by Barut et al.
(12) in Turkey.

Although TD is believed to develop via auto-anti-
bodies during IFN therapy, the exact mechanism is still
unknown. In some studies, it was shown that TD more
frequently developed in patients with CHC in compari-
son to patients with CHB, which has suggested that
causes of viral origin may be effective in TD develop-
ment (8). There are also studies which had suggested
that CHC infection may be responsible for thyroid auto-
immunity, independently from IFN therapy (14, 15).
On the other hand, TD was observed to develop more
frequently, albeit not statistically significant, in patients
with CHB in our study (23.9% for CHB and 19.5% for
CHC). This result may have originated from the absence
of homogeneity between two patient groups in terms of
independent risk factors, such as sex and age, which are
associated with TD development (this is partly due to
comparison of patients with CHB and CHC not being a
primary aim of our study).

When patients in whom TD have developed are evalu-
ated, TD is observed to develop in the first 3 months after
initiation of IFN therapy, while this proportion is 70% in
the 6th month. Although most of these are patients with
CHB (9 with CHB and 5 with CHC), a significant differ-
ence was not found between these two groups. We found
the rate of TD development in patients with CHC in the
6th month to be 55%. While this is a lower rate than that
found by Yan et al. (7) in patients with CHC (88.2%), it
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is seen that most of TD development during IFN therapy
in our study, both in the whole group and in patients with
CHC, starts in the first six months.

At first diagnosis, 45% of the patients had subclinical
hyperthyroidism, and 35% had subclinical hypothyroid-
ism, in terms of type of TD. In other words, 80% of
patients had a subclinical form of TD. When subclinical
and overt types of TD were counted under one heading
as hypothyroidism and hyperthyroidism, they included
equal numbers of patients. While hypothyroidism was
the most frequently encountered form in many of the
studies (7, 16, 17), hyperthyroidism was most frequently
reported in the study by Hsieh ef al. (18).

Patients in whom TD had developed were followed
up for 24 months after [FN treatment was completed. At
the end of the 24" month, TFTs had returned to normal
in 17 patients (85%), while 3 patients (15%) still had
TD. Of these 17 patients (after IFN therapy was com-
pleted), TFTs had returned to normal in 9" at the 6"
month, in 6 patients at the 12th month, and in 2 patients
at the 18" month. Use of medications was required in
only 3 patients (2 with overt hypothyroidism and 1 with
overt hyperthyroidism) during the follow-up. In patients
in whom TD persisted at the end of 24 hours, one had
overt hypothyroidism and the other two had subclinical
hyperthyroidism, and their appropriate treatment and
controls were continuing.

If we summarise these results, it may be told that
TD is mostly in subclinical forms and improved in time
without requiring treatment. These findings are similar
to former studies (7, 19).

As we have mentioned before, sex and age are
among the factors that are effective in TD development.
Especially in terms of sex, the presence of a more reac-
tive immune system in females, in comparison to males,
may explain more frequent occurrence of TD associated
with IFN, but while many studies support this (7, 10, 11,
18), some studies did not find a significant association
(12, 20, 21). Age (over 40 years) and female sex were
found to be statistically independent risk factors in TD
development in our study.

When former studies are examined, results showing
that factors such as CHC genotype, thyroid auto-anti-
bodies, and response to IFN therapy may be effective
in TD development are observed to be reported (12,
16-22).

Genotype evaluation of patients with CHC in our
study was done; 93.6% of all patients and all of the
patients in whom TD had developed were found to
have genotype 1b. Genotype 1b is the most prevalent

genotype in patients with CHC in our country, and our
study group is in accordance with this. Pavan et al. (23)
have reported that TD development was more frequent
in CHC genotype 1. As most of our study group had
genotype 1b, a statistical analysis could not be done
between genotype and TD development.

The prevalence of thyroid auto-antibodies was
reported to be between 20 and 30% in patients with
CHC, and the presence of anti-TPO or anti-TG antibod-
ies was reported to be associated with TD developing
due to IFN (11, 24, 25). Thyroid auto-antibodies meas-
ured before IFN therapy was 9.6% in the whole group
(14.9% in patients with CHC), and this ratio was 25%
in patients in whom TD had developed. This difference
was statistically significant, but the presence of thyroid
auto-antibodies was not found to be significant as an
independent risk factor in multiple regression analy-
sis. Considering the studies reporting the prevalence of
thyroid autoantibodies between 20% and 30% in CHC
patients, the rate of 14.9% found for the CHC group in
our study may be accepted as similar.

When the association of TD development with IFN
therapy is evaluated separately in patients with CHB and
CHC, statistically significant differences were not found
in both groups (for CHB: p = 0.33, for CHC: p = 0.58).
When evaluated with multiple logistic regression analy-
sis, response status to IFN therapy was not found as a
significant risk factor for TD development. While there
are studies with similar results (12, 26), in the study
by Tran et al. (27), a significant association was found
between TD development and response to IFN therapy.

The main limitations of our study were it being a ret-
rospective and uni-centre study, relatively low numbers
of patients in CHB and CHC groups, and lack of inves-
tigation of some factors (viral load, degree of hepatic
fibrosis, body mass index, tests of liver function) that
could have been effective in TD development. In spite
of these limitations, we believe that our results provide
important information on the incidence of TD devel-
oping during IFN therapy in a region where CHB-C is
commonly seen in Turkey, and on follow-up results of
these patients. Our study also contributes to the litera-
ture, both globally and in Turkey.

CONCLUSION

According to our study, TD secondary to IFN thera-
py may develop in a substantial frequency (21.5%)
in patients with CHB-C. Independent risk factors in
TD development were found to be female sex and age
(over 40 years). TD commonly develops in the first six
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months and in the sub-clinic form, not requiring treat-
ment. Prospective, multi-centre studies are needed on
this issue in our country on larger patient samples.
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ORIGINAL ARTICLE

Evaluation of the Antioxidant Properties, Fatty Acid Profile, Ash, Zinc,
Crude Fibre and Pectin Content of Jamaican Sorrel (Hibiscus sabdariffa)

and Citrus (Citrus sinensis) By-products from a Local Beverage Manufacturer
V Ranger, A Goldson-Barnaby, R Williams, C Bowen-Forbes, V Rattray, N James, I Thompson

ABSTRACT

Objective: Sorrel (Hibiscus sabdariffa) and citrus (Citrus sinensis) are widely utilised in the
local beverage industry. By-products from this industry are mainly utilised as fodder and fer-
tiliser but may be of commercial value. Phytochemical analyses were therefore performed on
extracts from by-products of this industry. Extracts were evaluated for their antioxidant activ-
ity, total phenolics, fatty acid, crude fibre, pectin, ash and zinc content.

Methods: Antioxidant activity and total phenolics were evaluated by a spectrophotometric
assay. Lipids were Soxhlet extracted and characterised by nuclear magnetic resonance spec-
troscopy and gas chromatography/mass spectrometry. Zinc content was determined by atomic
absorption spectroscopy. Crude fibre, pectin and ash were determined gravimetrically.
Results: Extracts showed antioxidant activity with methanolic extracts containing higher levels
of phenolics than ethyl acetate extracts. Lipids were a source of omega 6 and omega 9 fatty
acids. Palmitoleic acid was also identified in citrus extracts. Palmitic acid is the major satu-
rated fatty acid present. Based on the predicted iodine value, citrus lipid extracts are expected
to be more stable to oxidation compared to sorrel extracts. Zinc analysis by atomic absorption
spectroscopy revealed that sorrel extracts had higher levels of zinc (367.3 ppm) compared to
citrus extracts (Zn 5.0 ppm). Extracts were a minor source of pectin and crude fibre.
Conclusion: By-products from the local beverage industry may be considered for the use in
food and nutraceutical applications. They are a source of antioxidants, essential fatty acids,
zinc and crude fibre.

Keywords: Antioxidant activity, Citrus sinensis, fatty acid, Hibiscus sabdariffa, phenolics, zinc

INTRODUCTION

Hibiscus sabdariffa is an annual herb or shrub popularly
known as roselle or sorrel belonging to the Malvaceae
family. It is native to India and Malaysia, where it is
cultivated. The plant is also grown in Jamaica, South
America and Africa. The calyx of H. sabdariffa is
widely used as food, in jams, jellies, pickles, juice
drinks, wine and as medicinal syrups (1). In Jamaica
and some countries in Africa, the sorrel calyx is used
to produce a traditional drink. In Nigeria, the drink is
referred to as ‘zoborodo’. The intense red colour of the

calyx is due to the presence of anthocyanins. The major
anthocyanins present are delphinidin 3-sambubioside
and cyanidin 3-sambubioside (2). In addition to antho-
cyanins, other components present include alkaloids,
flavonoids, saponins, steroids, sterols and tannins (2).
Sorrel has powerful antioxidant properties (3), which
helps lower elevated blood pressure, bad cholesterol
and detoxifies the body. Sorrel extracts have also been
reported as possessing antimicrobial activity and is
active against E. coli 0157:H7, a significant cause of
foodborne and waterborne disease (4).
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Citrus sinensis is widely cultivated and is eaten
fresh or processed into jams, juices and marmalades. It
belongs to the family Rutaceae. The peel of the fruit is
rich in flavonoids, alkaloids, saponins, tannins, triterpe-
noids, phytosterols and steroids, possessing medicinal
properties such as anti-viral, anti-bacterial and anti-
oxidant activities (5, 6). The fruit is well known for its
ascorbic acid content and antioxidant activity (7).

H. sabdariffa and C. sinensis are utilised in Jamaica’s
local beverage industry. This industry produces a consid-
erable quantity of solid and liquid residue, rich in soluble
sugars, cellulose, hemicellulose, pectin and essential
oils, which is considered as waste (8). The waste in most
cases is spread on soil in areas adjacent to the production
location, for its final use as a raw material in animal feed
(9). Alternatively, it may be burned. This method of han-
dling waste produces highly polluted wastewater with
high chemical and biological oxygen demands, which
can negatively affect the soil, the ground and superficial
waters (10).

An alternative is to improve the management of
these residues, which may be used as a substrate for the
production of value-added compounds or in the produc-
tion of organic fertilisers, pectin, bio-oils, essential oils
and antioxidant compounds. These alternatives avoid
the environmental pollution and add the value to these
substances. Phytochemical analyses were therefore con-
ducted on by-products from the Jamaica’s sorrel and
citrus beverage industries.

MATERIALS AND METHODS

Chemicals

All chemicals were analytical grade. The Folin-Ciocalteu
reagent and 1,1-diphenyl-2-picrylhydrazyl (DPPH) were
purchased from Sigma Aldrich (USA).

Plant material

Sorrel calyces and citrus (peel, pulp and seeds) by-prod-
ucts were obtained from a local juice processing plant in
St Catherine, Jamaica. Samples were air dried at ambi-
ent temperature (four days) and milled.

The DPPH radical-scavenging assay

The DPPH assay was performed according to the method
of Brand-Williams et al. (11). Concentrates were dis-
solved in methanol (1:3) and then reacted (1 mL) with
DPPH (0.004%, 1 mL, 30 minutes). The absorbance
was measured at 517 nm using a spectrophotometer
(Thermo Fisher Scientific). A standard calibration curve

was generated, and the results were expressed as pmol/g
(gallic acid equivalents).

Total phenolic content assay

The total phenolic content was determined by the Folin-
Ciocalteu method, adopted and modified from Swain
and Hillis (12). The samples were extracted with hexane,
ethyl acetate and methanol. The extracts (500 pL) were
reacted with the Folin-Ciocalteu reagent (10%, 2.5 mL)
and Na,CO; solution (7.5%, 2 mL). The solution was
incubated at room temperature in the dark (30 minutes)
and the absorbance measured at 760 nm using a spec-
trophotometer (Thermo Fisher Scientific). A standard
calibration curve was generated, and the results were
expressed as mg gallic acid equivalent/g.

Lipid extraction

Sorrel and citrus by-products were dried to constant
weight (60°C, 8 hours) and milled. The samples were
lipid-extracted with petroleum ether (bp: 80°C-100°C,
reflux), using a Soxhlet extractor. The resulting extract
was concentrated in vacuo and the percent crude fat was
determined gravimetrically.

Methylation of lipid extracts

The lipid extracts (50 uL) were trans-methylated with
the methanol/acetyl chloride solution (13). The resulting
fatty acid methyl esters (FAMEs) were determined by
the gas chromatography-mass spectrometry (GC-MS).

Gas chromatography-mass spectrometry

The methylated samples (1.0 uL) were chromatographed
on a HP6890 series gas chromatograph interfaced with
a HP5973 Mass Selective Detector. The constituent
FAMEs were eluted in helium carrier gas (flow rate:
1 cm?® per minute) through a DB-VRX column (20 m
x 0.18 mm i.d. X 1.0-um-film thickness, Agilent, CA,
USA) in an oven programmed at 60°C for 3 minutes and
increased at a ramp rate of 10°C/minutes up to 250°C
for 15 minutes. The samples were injected at 230°C,
although the detector was maintained at 250°C. The con-
stituents were identified with the National Institute of
Standards and Technology (NIST) library of mass spec-
tra and subsets (match quality > 80%).

'H-NMR and 3C-NMR spectroscopy

"H-NMR and BC-NMR characterisation were performed
on a Bruker BioSpin 200 MHz at 200 MHz. The sam-
ples were run in the deuterated chloroform (CDCI;) at
25°C, with tetra-methylsilane as the internal standard.
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In reporting '"H-NMR, the following terms were used:
singlet (s), doublet (d), triplet (t) and multiplet (m).

lodine value
Iodine values were determined based on the FAME con-
tent and was calculated utilising the formula:

Predicted IV =xC1 + yC2 +zC3

Cl1, C2 and C3 correspond to the relative percentage
concentrations of unsaturated fatty acids (one, two and
three double bonds, respectively), whereas x, y and z are
coefficients (x =1,y = 1.5 and z = 2.62) (14).

Atomic absorption spectroscopy

The samples (1.5 g) were ashed in a muffle furnace
(600°C for 1.5 hours) and the resulting ash was dis-
solved in HCl (10 ml, AR), diluted with deionised
water and filtered. Measurements for zinc were made
using a Perkin Elmer 2380 Flame Atomic Absorption
Spectrophotometer system equipped with a zinc-hollow
cathode lamp. The following parameters were utilised:
lamp current 10 mA, wavelength 214 nm, slit width
0.7 nm with flame type consisting of air/acetylene and
stoichiometric fuel flow at 0.9-1.21 per minute. A stock
solution of zinc was made, and a standard calibration
curve was prepared. The results were expressed as ppm.

Crude fibre

The samples (12 g) were weighed and sulphuric acid (0.1
M) was added. The mixture was boiled (30 minutes) and
then filtered. The resulting residue was rinsed with dis-
tilled water. Sodium hydroxide (0.3 M) was added to the
residue, which was followed by boiling (30 minutes) and
filtration. The residue was washed with water, hydro-
chloric acid (1%) and ethanol. The insoluble matter was
then transferred to a crucible and allowed to dry (100°C)
after which samples were ashed (550°C, 2 hours) and
the crude fibre content was determined gravimetrically.

Pectin content

The samples (50 g) were suspended in de-ionised water
(400 mL) and boiled (1 hour). The extracts were filtered
and sodium hydroxide (1 M) was added. The solution
was allowed to stand (24 hours) after which acetic acid
(1 M) was added followed by calcium chloride (0.5 M).
The solution was then boiled and filtered. The result-
ing residue was dried (105°C, 3 hours) and the mass of
pectin was determined gravimetrically.

RESULTS AND DISCUSSION

Antioxidant activity and total phenolics

Free radicals are produced in the cells continually
forming an integral part of cellular function. Over pro-
duction may lead to oxidative stress, which can result in
the development of chronic and degenerative diseases
such as cancer, neurological disorders and rheumatoid
arthritis (15). The antioxidants assist in preventing cell
damage by limiting the formation of free radicals, acting
as free radical scavengers and promoting their decom-
position (16). H. sabdariffa and C. sinensis have gained
attention for their antioxidant activity (17-19). The
sorrel and citrus by-product extracts possessed similar
antioxidant activities (141.57 £ 5.27 umol/g and 139.77
+ 4.81 umol/g gallic acid equivalents, respectively)
and may be utilised as a source of natural antioxidants.
Flavones and glycosylated flavanones are the main phe-
nolics, contributing to the antioxidant activity of citrus
extracts (19). Phenolics and anthocyanins are primarily
responsible for the antioxidant activity of sorrel extracts
(20). The citrus extracts contained higher levels of phe-
nolics compared to the sorrel extracts (Table 1). A study
on 13 citrus species revealed that total phenolics was
higher in the peel of the fruit (21). Naringin and neo-
hesperidin have been identified as the major polyphenols
in the methanolic extracts of bitter orange peels; nariru-
tin and hesperidin in sweet orange peels (22). The total
phenolics in different citrus species ranges from 66.5 to
396.8 mg gallic acid equivalent/g (21), although sorrel
has been reported as containing a total phenolic content
of' 41.07 mg gallic acid equivalent/g (23).

Table 1: Total phenolic content of citrus and sorrel by-product extracts ex-

pressed as gallic acid equivalents (GAE)

Extraction solvent Citrus extract (mg/g)  Sorrel extract (mg/g)
Hexane ND 8.08 £ 1.96
Ethyl acetate 63.08 £ 8.53 21.68 £4.62
Methanol 118.09 + 6.98 33.14+£2.38

ND = not detected.

Lipid analysis

Citrus oil concentrates have been utilised commercially
in a wide number of applications. These include their use
for flavour and fragrances. D-Limonene has been iden-
tified as the major component present in the essential
oil extracts of citrus (24). Less reported is the utilisa-
tion of sorrel oil extracts. Sorrel seed oil (25) which is
rich in linoleic acid and oleic acid has been investigated
for its nutritional properties (26) and its potential as a
source of biofuel (27). The oil is also a good source of
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the lipid-soluble antioxidant gamma tocopherol (28).
Currently, there is no literature on the fatty acid com-
position of sorrel calyces. The lipid content of the sorrel
and citrus by-product extracts were 3.15% + 1.22%
and 3.70% = 1.30%, respectively. Linoleic acid and
oleic acid were identified as the major unsaturated fatty
acids and palmitic acid was identified as the major satu-
rated fatty acid (Table 2). Palmitoleic acid (omega 7)
was identified in small quantities in citrus by-product
extracts. Macadamia oil is a good source of palmitoleic
acid (29). Palmitoleic acid has shown lipid lowering
and anti-inflammatory benefits and may be useful in the
treatment of hyper-triglyceridemia (30). The predicted
iodine value, an indicator of the oil’s stability to oxida-
tion, was higher in the sorrel extracts compared to the
citrus extracts (59; 49, respectively) due to the higher
levels of linoleic acid and oleic acid present. The citrus
lipid extracts are therefore expected to be more stable to
the oxidative rancidity.

Table 2: Fatty acid profile of sorrel and citrus by-product extracts

Fatty acid Sorrel (%) Citrus (%)
Palmitic acid Cl16:0 4245+1435 3294+7.40
Palmitoleic acid (omega 7) Cl6:1 ND 0.74+0.07
Stearic acid C18:0 7.64+2.32 7.21+1.49
Oleic acid (omega 9) C18:1 20.82+2.95 18.24+0.80
Linoleic acid (omega 6) C18:2 2537+6.33 19.90+12.79

ND = not detected.

'H- and BC-NMR spectroscopy

The lipid extracts are comprised predominantly of tria-
cylglycerols. "H-NMR spectroscopy of the crude citrus
and sorrel lipid extracts revealed the presence of two dou-
blet of doublets (6 4.14—4.30) and a multiplet (5 5.34),
which are consistent with the protons of the glyceryl
moiety of a triacylglycerol (Table 3). The bis-allylic pro-
tons due to linoleic acid resonated as a singlet at 6 2.76.
Olefinic protons were observed at 8 5.37. *C-NMR data
confirmed the presence of the glycerol backbone of the
triacylglycerols with signals resonating at & 62.0 ppm
(a) and ¢ 68.9 ppm (). Unsaturation within fatty acid
side chains due to the presence of linoleic acid and oleic
acid was observed in the range of 5 129—130 ppm (31).

Ash

Ash is the inorganic matter remaining after heating
organic components in the presence of oxidizing agents.
It indicates total mineral content. The citrus and sorrel
samples contained 3.2% = 0.4% and 4.4% = 0.3% ash,
respectively. Values of 1.5% (32) and 4.8% (33) have

Table 3: '"H-nuclear magnetic resonance spectroscopy data of sorrel and cit-
rus by-product extracts
Proton Functionality Sorrel Citrus
(8 ppm) (3 ppm)
CH, Terminal methyl 0.86 (m) 0.88 (m)
CH, Methylene 1.26 (s) 1.25(s)
CH,—CH,-COO All acyl chains 1.61 (m) 1.60 (m)
CH,~CH=CH  All unsaturated fatty acids 2.05(s) 2.02(m)
CH,-COO All acyl chains 2.28 (s)
235(m) 2.34(1)
C=C-CH,=C Protons attached to bisallylic 2.76 (s) 2.76 (s)
carbon
CH,O(a) Glycerol (triglycerides) 4.14 (dd) 4.15(dd)
4.26 (dd) 4.30 (dd)
CHO(B) Glycerol (triglycerides) 5.34 (m) 5.34 (m)
CH=CH Olefinic protons 5.37 (m) 5.37 (m)
COOH Free fatty acids 727 (s) 7.27(s)

m =multiplet; s = singlet; dd = doublet of doublet; t = triplet.

been reported for orange peels and 6.5% (34) and 12.2%
(35) for sorrel calyces from Nigeria. Higher percentage
ash values are seen in edible wild plants from Turkey,
with values ranging from 7.5% to 18.5% for Tragopogon
aureus Boiss and Urtica dioica L., respectively (36).
Values of 1.03% and 0.51% have been reported for
Daucus carota and Lycopersicom esculentum, respec-
tively (37).

Zinc content

Zinc is an essential trace element, which is necessary
for the human health and well-being. The role of zinc
in the body is both structural and functional. It plays an
important role in over 300 enzymatic reactions partici-
pating in different aspects of intermediary metabolism
(38). High amount of zinc can be found in the brain.
Metalloproteins containing zinc serve as the neuromodu-
lators and neurotransmitters (39). Severe zinc deficiency
can lead to behavioural problems and mood disorders
(40). Zinc is required for the normal immune function
(38), possesses antioxidant (41) and anti-inflammatory
properties (42). The ability of zinc to retard oxidative
processes has been recognised for several years (43).
The mechanism is believed to be by protection of sulf-
hydryl groups against oxidation and inhibition of the
production of reactive oxygen by transition metals (44).
Zinc also plays a structural role in the bone matrix (38).
Bone mineral is composed of hydroxyapatite crystals,
which contains zinc complexed with fluoride (38). The
sorrel extracts investigated contained higher concentra-
tions of zinc (367.3 ppm) compared to citrus (5.0 ppm)
and may be considered a good source of zinc.



Ranger et al 43

Crude fibre

Plants are a source of dietary fibre that plays an impor-
tant role in decreasing the risk of various disorders such
as diabetes, cardiovascular disease, diverticulosis and
obesity (45). Dietary fibre may be classified as water
soluble/less fermentable (cellulose, hemicellulose and
lignin) or water insoluble/fermentable (pectin, gums
and mucilages) (46) and is utilised in various foods
such as baked products, beverages and meat products.
The use of fibre in foods not only enhances its health
benefits but also leads to changes in the sensorial and
rheological properties of the food. The crude fibre
which consists mainly of cellulose, hemicellulose and
lignin was determined by the sequential extraction with
acid and base followed by ashing. The crude fibre con-
tents of sorrel and citrus by-products were (4.16% +
0.36% and 3.94% =+ 0.32%), respectively. Sorrel caly-
ces from Nigeria have been reported as containing 8.5%
crude fibre (34) and 2.7% orange peels (33). When
compared with other fruits, the crude fibre content of
citrus and sorrel by-products is higher than that reported
for watermelon (0.2%), mango (0.7%) and pomegran-
ate (2.1%) but comparable to custard apple (3.1%),
dates (3.7%) and guava (5.2%) (47). The nutritional
benefits of food fibres have led to the development of
fibre-rich products. The alternative and novel sources
of dietary fibre continue to be investigated for the use in
food supplementation. Non-traditional sources such as
by-products from food processing continue to be evalu-
ated, for example, spent brewer’s grain, seed hulls and
corn stalks (48). Nassar et al. (49) suggested that 15%
of orange peel and pulp could be incorporated as an
ingredient in the baked products, as they are a source of
dietary fibre with bioactive components.

Pectin

Pectin is a major component of the primary cell walls
of plants and encompasses a range of galacturonic acid-
rich polysaccharides (50). The major neutral sugars of
hydrolysed pectin are arabinose, galactose and rham-
nose with galacturonic acid contents ranging from 63%
to 64% (51). The Food and Agriculture Organization
stipulates that pectin must contain at least 65% galac-
turonic acid. Pectin is widely used in the food industry
due to its ability to form gels as well as the cosmetic
and pharmaceutical industries. Commercial sources of
pectin are traditionally from apple pomace and citrus
peel. Recent research has identified passion fruit peels
as containing high levels of pectin with yields of 10%—
20% being reported (52, 53). The pectin extraction is

normally performed with a diluted strong mineral acid
solution or weak organic acids, for example, citric acid
(52, 54, 55). Sorrel and citrus by-products from the
current study were extracted with acetic acid. Small
quantities of pectin (sorrel, 0.48% =+ 0.13% and citrus,
0.84% £ 0.10%) were recovered from the samples inves-
tigated. This may be due to pectin losses during the juice
extraction process. Improved extraction efficiencies
have been reported with the use of ammonium oxalate.
Pectin extracted from sorrel utilising ammonium oxa-
late gave yields of 18.7% compared with hydrochloric
extractions (9.8%) (56). pH is also an important parame-
ter in the extraction of pectin. Maximum pectin yields of
14.6% were obtained from passion fruit peel at a pH of
2. Orange peels that contain 1.7% pectin on a dry weight
basis and 15.9% on a wet weight basis (57) are tradition-
ally used as a source of pectin.

Relevance and potential applications

By-products from the sorrel and citrus industry may be
considered for the use in nutraceuticals, food fortifica-
tion and an ingredient of functional foods. They are a
source of antioxidants, omega fatty acids, zinc and crude
fibre. Sorrel calyx by-products could be utilised in fruit
snack formulations and chutneys. In recent years, there
has been a growing interest in natural antioxidants and
colourants with consumers, showing the increased con-
cerns over the use of chemically synthesised dyes and
artificial antioxidants due to their suspected carcinogen-
ic effects.

CONCLUSION

Agro-processing by-products can be better managed and
utilised for various commercial applications. The con-
version of cellulosic biomass to useable product presents
an opportunity to reduce the greenhouse gas emission,
reduce the global warming and utilise the by-products
arising from the food industry.
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The Urinary Levels of Some Essential and Toxic Metals in Type 2 Diabetic Patients

and Non-diabetic Healthy Control Human Subjects
AR Khan'? FR Awan?, K Akhtar®, M Islam?, S Najam?, M Zain?, T Siddique’

ABSTRACT

Objective: To compare the levels of some selected essential and toxic metals in type 2 diabetic
(T2D) patients and non-diabetic (ND) healthy controls. Furthermore, the study aims to evalu-
ate the possible interrelationship of metals in urine of T2D patients and ND healthy controls.
Methods: The study was conducted at the Diabetes and Cardio-Metabolic Disorder Labora-
tory, Health Biotechnology Division, National Institute for Biotechnology and Genetic Engi-
neering, Faisalabad, Pakistan, which comprised T2D patients and an equal number of ND
healthy controls. Two biofluids, ie, blood and urine samples of diabetes and control subjects
were considered. Magnesium (Mg), chromium (Cr), copper (Cu), lead (Pb), nickel (Ni), man-
ganese (Mn), iron (Fe) and zinc (Zn) levels were measured in the urine samples of both groups.
Metal concentrations were assessed by atomic absorption spectrophotometry, whereas bio-
chemical parameters in the serum of the study subjects were estimated using commercial kits
on Microlab-300. Graph Pad Prism 5 was used for statistical analyses.

Results: There were 49 T2D patients with an average age of 53.5 £ 10.4 years and 49 ND
healthy controls with a mean age of 45.2 £ 9.2 years. Fasting serum glucose and triglycerides
were significantly (p < 0.05) higher in diabetics relative to their ND control subjects. The levels
of Mg, Zn and Pb were found to be significantly higher (p < 0.05). Fe decreased more than
30% in urine samples of T2D patients compared with the ND control group. Cu, Cr, Mn and Ni
manifested no change. A significant positive correlation of Pb with Zn (r = 0.3284, p = 0.02)
and Mn (r = 0.3648, p = 0.01) was found in T2D patients.

Conclusion: An imbalance in the levels of selected metals was observed in urines of type 2
diabetes when compared with controls. Furthermore, statistical results revealed positive cor-
relations between toxic metal Pb, with essential trace elements, ie, Mn and Zn. Thus, it could be
concluded that toxic metals, especially Pb may have a role in renal dysfunction with successive
loss of essential metals such as Zn and Mn through urination.

Keywords: Essential metals, toxic metals, type 2 diabetes, urine.

INTRODUCTION

Diabetes mellitus (DM) is one of the lifestyle-related dis-
eases that is the most widespread worldwide. Diabetes
mellitus is usually classified as type 1 diabetes and

type 2 diabetes (T2D). In the case of the former case,
the hyperglycaemia results from a severe insulin defi-
ciency caused by the destruction of pancreatic beta cells
(1). Over the time, it can be regulated by using different
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insulin modalities (2, 3). In the latter case, glucose ele-
vation develops because of insulin resistance (IR) and
insufficient insulin secretion. Insulin is secreted from
pancreatic beta cells in response to increased blood glu-
cose levels. Insulin binds to its receptor on the surface
of target tissues and stimulates glucose uptake by the
cells. This result in blood glucose level being decreased.
A decreased response to insulin may result in impaired
glucose tolerance or T2D, which is characterised by
elevated blood glucose level and IR (4). Several factors
such as heredity, age, smoking, obesity, diet, sex, seden-
tary life style, socioeconomic status and hypertension,
etc, are involved in the disease development. Among all
these parameters, balanced diet and active lifestyle play
vital roles in T2D prevention (5, 6).

The quality and quantity of fat and carbohydrates-
based diet intake have significant impact on the risk of
T2D (7). Imbalance in biologically active form of many
metals such as iron (Fe), magnesium (Mg), zinc (Zn),
chromium (Cr), manganese (Mn), lead (Pb), nickel (Ni),
and copper (Cu), participate in the alteration of glu-
cose metabolism of T2D patients (8). These metals are
involved in the structural and catalytic activities of many
metalloenzymes. Magnesium is needed as a cofactor for
more than 300 enzymes, particularly involved in glu-
cose homeostasis. The reduced plasma level of Mg has
been reported in poorly controlled T2D patients (9, 10).
Prolonged hyperglycaemia is also due to increased and
decreased urinary and blood plasma levels of Zn. The
decreased plasma level of Zn adversely affects the abil-
ity of pancreatic islet cells to produce and secrete insulin
(11). Zinc plays a key role in the storage and secretion
of insulin. Previous studies show that people with T2D
have suboptimal Zn status due to its low absorption and
increased urinary excretion (8). Copper is needed for the
catalytic activity of superoxide dismutase that takes part
in the protection of cells from superoxide radicals (8).

Whereas Zn protects sulthydryl groups of proteins
and enzymes by its antioxidant properties from free radi-
cal attack in the body, it is also reported that glycated
proteins bind transition metals and their glycocholates
play a key role in the aetiology of peripheral vascular
dysfunction in T2D (12). Chromium is involved in glu-
cose metabolism by enhancing the effects of insulin.
Certain low molecular weight Cr (LMWCr) compounds
may enhance the response of insulin receptors to insu-
lin. The ability of LMWCr compounds to activate the
insulin receptors depends upon its Cr contents. When the
insulin level drops due to normalisation of blood glucose

level, LMWCr compounds may be released from the cell
in order to diminish its effects (13).

Iron is a potential candidate in many cellular reac-
tions that produce reactive oxygen species (ROS). Such
reactions contribute to tissue damage and increased
oxidative stress, thereby leading to the pathogenesis of
T2D. Numerous studies have suggested a link between
high body iron stores and diabetes pathogenesis (14,
15). Similarly, Pb is dangerous to most of the human
body organs and interferes with metabolism and cellular
functions. Some other toxic metals such as cadmium and
arsenic are implicated as they disrupt the glucose uptake
and alter the related molecular mechanism in glucose
regulation (16, 17).

The concentration of these metals in various bioflu-
ids is adversely changed with disease state, particularly
in serum and urine. Among these biospecimens, urine
is good since it is freely obtainable and non-invasively
tested (8). Therefore, in the present study, the urine sam-
ples of T2D patients were considered to assess various
metal levels in their samples relative to the non-diabetic
(ND) apparently healthy control subjects. Mutual inter-
actions of toxic and essential metals were also calculated.

SUBJECTS AND METHODS

Study subjects

The study population comprised 98 Pakistani Punjabi
adults including 49 ND control subjects and 49 well-
characterised T2D patients. The ND and T2D age (mean
+ SD) was 45.2 + 9.2 and 53.5 + 10.4 years, respec-
tively, with an age range of 35-80 years. A well-defined
questionnaire was used to obtain information regard-
ing occupation, physical activity, lifestyle patterns and
dietary habits, past and current illness, and medication
status. Anthropometric measurements of body height,
weight and waist and hip circumference were also meas-
ured. T2D patients with nephropathy and malignancy
were not included in the present study. After measuring
height and weight, body mass index (BMI) (kg/m?) was
calculated by dividing weight (kg) by height in metre
square (m?). An informed consent was obtained from
all subjects for their participation in this study. For the
collection of urine and blood samples, camps were organ-
ised in Faisalabad, Pakistan. All subjects were informed
to attend sample collection sites on a specific day in the
morning after 12—-14 hours overnight fast. During the
fasting period, the subjects were only allowed to drink
plain water. The study received approval from the insti-
tutional ethics committee.
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Biological samples (blood and urine)

A venous blood sample was taken in a gel-containing
vacutainer without an anticoagulant between 8 and 10
AM, after an overnight fast of 12—14 hours duration. The
blood taken in vacutainers was allowed to clot and subse-
quently centrifuged for 10 minutes at 900 rpm to separate
the serum. This was stored at —20°C prior to down-
stream analysis. Serum were analysed for biochemical
tests such as fasting glucose, cholesterol, triglycerides,
total protein, etc. These biochemical parameters were
estimated by colorimetric/spectrophotometric methods
using commercial kits (DiaSys, Germany) on a semi-
automatic clinical chemistry analyser (Microlab-300,
Merck, Germany).

The urine samples of the same ND control subjects
and T2D patients were also collected for the analysis of
various metals. Different aliquots were stored at —20°C
until carrying out further analyses.

Urinary metals analysis

Varian double beam flame atomic absorption spectro-
photometer (FAAS) (AA240 FS, Australia), with manual
background correction, was employed for the determi-
nation of transition metals such as Zn, Cr, Cu, Mn, Pb,
Ni and Fe and macronutrients such as Mg in the urine
samples of T2D and control subjects. The analyses were
carried out by using a hollow cathode lamp of respective
metal under standard instrumental operational condi-
tions. Acetylene gas was used as fuel.

Analytical procedure

For mineral estimation, 5 mL of each urine sample were
digested in aqua regia and heated up to dryness. The
residues were dissolved in 10 mL of concentrated HNO,
and heated carefully until the solution turned colourless.
It was then transferred into 25 mL flasks, and volumes
were made up to the marks by de-ionised water. These
sample solutions along with standards were aspirated to

FAAS. For Mg estimation, serum samples were dilut-
ed (1 mL of urine in 25 mL of aqueous solution) with
distilled water prior to their aspiration into an atomic
spectrophotometer for analysis. The amount of each
element in the sample was determined from its respec-
tive calibration curve. The analysis of each sample was
made in duplicate, and the averaged value is reported in
results.

RESULTS

General physical and biochemical characteristics of
study subjects

General characteristics and laboratory findings of the
studied human subjects are given in Table 1. A total of
49 ND control (males = 28 and females =21) subjects
and 49 T2D (males = 20 and females = 28) patients were
considered for selected metals analysis such as Cu, Mg,
Cr, Fe, Zn, Ni and Mn using an atomic absorption spec-
trophotometer. The mean age of the ND control and T2D
subjects was 45.1 = 9.2 and 53.5 + 10.4 years, respec-
tively. Mean BMI (28 + 0.7 kg/m?) of T2D patients
was significantly higher (p = 0.005) than the BMI
(25.5 + 0.34 kg/m?) of the ND control group. There was
also a significant difference (p = 0.004) in the mean value
of waist hip ratio (WHR) (0.97 + 0.08) of T2D patients
when compared with the WHR (0.92 + 0.6) of the ND
control group. Fasting serum glucose and triglycerides
were significantly (p < 0.05) higher in diabetics relative
to their ND control subjects. On the other hand, fasting
serum cholesterol, total proteins and creatinine were not
significantly (p < 0.05) different between T2D and ND
subjects (Table 1).

Urinary metal levels in T2D patients versus non-
diabetic (ND) control subjects

In urinary metal analysis, the levels of Mg and Zn were
found to be significantly higher (p < 0.05) in urine

Table 1:  Anthropometric and biochemical characteristics of ND and T2D subjects

Subjects Parameters Non-diabetic controls (N =49) T2D patients (N =48) p-value
BMI (kg/m?) 25.5+0.34 28 +0.7 0.005
WHR 0.92 +£0.06 0.97 £ 0.08 0.004
Glucose (mg/dL) 88.7+1.7 199.4 +10.7 <0.0001
Cholesterol (mg/dL) 183.5+£6.6 1763 +6.2 NS
Triglycerides (mg/dL) 127.9+9.9 179.3 £ 15.07 0.005
Total proteins (g/dL) 7.7+0.5 7.6+0.13 NS
Creatinine (mg/dL) 0.73 +£0.05 0.78 £ 0.04 NS

T2D: type 2 diabetes; ND = non-diabetic; BMI = body mass index; WHR = waist hip ratio;

NS = non-significant.
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samples of T2D compared to the ND control group.
The mean values of Mg and Zn were 17.7 = 1.6 and
0.46 £ 0.03 ppm for T2D patients, while in the case of
the ND control group, the levels of Mg and Zn were
obtained as 11.48 £ 1.3 and 0.33 £ 0.03 ppm, respec-
tively. The statistical analyses show that the levels of
these two metals, Mg and Zn, were 35 and 28% higher
in the urine samples of T2D patients relative to their
respective ND control subjects. On the other hand,
in urine samples, the Fe level (1.16 ppm) in the T2D
group was found to be lower (p = 0.005) than the value
(1.77 £ 0.2 ppm) obtained for Fe in the urine samples of
ND control human subjects. The Pb metal was found to
be significantly higher (p = 0.03) in the urine of diabet-
ics relative to the ND control group. The comparative
levels of Pb in T2D patients and ND control subjects
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were 0.047 =0.003 and 0.036 = 0.003 ppm, respectively.
The calculated percent fold increase of Pb in the urine
samples of T2D patients was about 29% as compared
with the ND control subjects. The comparative urinary
levels of Cu, Cr, Mn and Ni were higher in T2D patients
than in ND control subjects, but these differences were
not statistically significant (Fig. 1).

Fig. 2 shows a significant positive correlation of
Pb with Zn (r = 0.3284, p = 0.02) and Mn (r = 0.3648,
p = 0.01) in the urine samples of T2D patients. On the
other hand, no correlation was found between Pb and
other studied metals such as Mg, Fe, Cu, Cr, Mn and
Ni. Similarly no relationship was found among Mg, Mn,
Zn, Fe, Cu, Cr, Mn and Ni in the same diabetic urine
samples.
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Comparative urinary metals status of type 2 diabetics and ND control subjects. Zn = zinc; Pb = lead; Cu = copper; Cr = chro-

mium; Mn = manganese; Ni = nickel; Mg = magnesium; Fe = iron; NS = not significant; T2D = type 2 diabetes; ND = non-
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Non-diabetic control subjects and T2D patients were
subdivided into ND control males versus ND control
females and T2D males versus T2D females for further
analysis to investigate gender-related changes in the
metal concentrations.

Urinary metal levels of ND control male versus ND
female subjects

The statistical analysis of the respective metal levels
showed no significant difference in any of the above-
mentioned metals between ND control male versus ND
control female sub-groups. However, a close look shows
that all metals including Zn, Cu, Mg, Pb, Cr, Mn and
Ni were found to be higher in the urine samples of ND
males, except Fe metals, which was 10-fold higher in the
urines of ND females.

Urinary metal levels between T2D male and female
patients

Similarly, no significant difference was found between
T2D male and female patients with respect to urinary
Mg, Pb metals and other trace elements (TEs) includ-
ing Cu, Zn, Fe, Cr, Mn and Ni. In this case, the urinary
levels of Cu, Fe, Cr and Ni were observed non-signifi-
cantly higher in T2D male versus T2D female patients.
On the other hand, Zn, Mg and Mn concentrations were
marginally higher in T2D females while comparing with
T2D male patients.

DISCUSSION

It has already been established that hyperglycaemia in
diabetic patients is linearly linked with the production
of advanced glycation end products of several proteins
and highly ROS such as H,0,, OH and O,- (18). Metals
are central to hold the bioactivity of numerous enzymes
and proteins on which life is based. Derangements in
the metal (eg, Zn, Mg, Cu, Mn, Cr, efc) metabolism
could lead to the pathogenesis of diabetes. Imbalances
in the status of essential metals have been reported as
a worsening incidence in the progression of diabetes
(19). Several previously published studies manifest-
ed the functions of transition and TEs such as Fe, Zn,
Mg, Cu, Mn and Cr in insulin action and carbohydrate
metabolism. The alterations in these elements attributed
to hyperglycaemia and enhanced magnitude of protein
glycation in diabetic state. A case-control study revealed
alterations in the metabolism of metallic elements such
as Zn, Mg, Cu, Mn and Cr in diabetic patients relative to
their ND control subjects (20).

In the present study, an increased urinary level of
Mg was observed in T2D patients compared with the
ND control subjects. These findings are supported by a
previously published report (21), in which negative cor-
relation was reported between serum Mg and urinary
Mg levels in diabetic patients. This correlation revealed
a decrease of serum Mg with concomitant increase of
the urinary Mg level. Renal Mg excretion may be regu-
lated by insulin. The mechanism of the urinary loss of
Mg may result probably from the reduced capacity of
tubular reabsorption of Mg due to osmotic action of
glycosuria (9). Previous studies have also revealed an
association between hypomagnesaemia and elevated
glucose levels. Yet, another study correlated Mg defi-
ciency with fat accumulation in various body tissues,
which subsequently leads to obesity-related metabolic
disorders (22). This provides a further explanation to
high presence (loss) of Mg in the urine of T2D patients
as more than 60% of them are obese.

Urinary Fe concentration was less in T2D patients
than ND control subjects. This agrees with the previous-
ly published results (20), in which concurrent elevation
of the serum iron level with decrease urinary excretion
of Fe was observed in diabetic patients. Several studies
manifested possible association between high iron stores
and various metabolic parameters such as blood serum
insulin, glucose, dyslipidaemia and obesity (23). Iron
is a potential catalyst that produces ROS, which subse-
quently develop oxidative stress and damages healthy
tissues, thereby increasing the risk of T2D (24).

Copper concentrations in various biofluids including
urine have been found to be altered in diabetic subjects.
The higher urinary level of Cu was observed in T2D
patients compared with the ND control subjects in the
present study, though the difference was not significant.
These results are consistent with the previously pub-
lished results (25). It has also been manifested that Cu
deficiency is an important cause of adiposity develop-
ment (26).

The urine Zn level was significantly higher in T2D
patients compared with the ND control subjects.
Previous clinical studies have reported excessive loss
of Zn through urine with decreased values in the blood
serum in diabetes as compared with ND control subjects
(20, 27). The decreased gastrointestinal absorption with
increased urinary excretion of Zn in diabetes may lead
to hypozincaemia. It has been suggested that prolonged
hyperglycaemia may adversely affect the transport of Zn
back into the renal tubules. In addition to this, mutation
in the Znt8 transporter gene (SLC30AS) contributes to
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Zn deficiency. Zn deficiency in diabetes may be associ-
ated with increased oxidative stress and tissue damaging
(20, 28). Furthermore, Zn is required for the synthesis of
insulin hexamer, which is vital to keep the blood sugar
level in normal range. It has been reported that mutation
in SLC30A48 gene is associated with T2D (8, 29).

In the present study, the level of Cr in the urine sam-
ples of T2D patients was higher than those of respective
ND control subjects, but the difference was not signifi-
cant. It has been extensively studied that Cr takes part
in increasing receptors number and binding of insulin
to insulin receptors in target organ (30). Trivalent chro-
mium (Cr III) is effective for glucose uptake by the cells.
Chromium urinary excretion is expedited in hypergly-
caemic condition (30, 31). Anderson et al. reported
antioxidant effect of the combined supplementation of
Crand Zn in T2D patients (28). Manganese urinary level
was higher than their respective ND healthy control sub-
jects. There is no data available in literature which shows
comparative urinary excretion of Mn in T2D patients
relative to their ND control group. Nevertheless, studies
report the possible involvement of Mn deficiency in the
pathogenesis of DM (20). However, it has been reported
that oral Mn administration improves the insulin sensi-
tivity in diabetic patients (32).

In this study, the mean levels of two toxic metals
such as Pb and Ni were studied in T2D patients versus
ND control subjects. The results of the present study
revealed that the urinary level of Pb was significantly
higher in T2D patients as compared with the ND control
subjects. Lead is a heavy transition metal that is harm-
ful to most of the human tissues and interferes with the
body’s physiological functions (33, 34). Lead is ubiq-
uitous environmental toxin that is associated with a
wide range of biochemical and physiological dysfunc-
tions (26). A recent study revealed that environmental
exposure to Pb is contributing in the development of
neuropathy-related complications in T2D patients (35).
Several studies have manifested a positive correlation
between environmental Pb exposure and reduction in
renal function efficiency, and Pb chelating therapies may
be effective to improve renal function in ND subjects
with chronic kidney disorders (36). Lead also contrib-
utes to various metabolic disorders including obesity by
substituting vital TEs, eg, Zn, Cr and Cu with sequential
depletion of anti-oxidative potential of blood in individ-
uals who were frequently exposed to toxic heavy metals
including Pb (26).

In the present study, Pb shows positive associations
with two essential TEs such as Zn and Mn in the urine

specimens of T2D patients, as shown in Fig. 2. Both
these TEs (Zn and Mn) act as cofactors for the activ-
ity of several enzymes. The increased interactive urinary
excretion of TEs such as Zn with toxic Pb metal might
adversely affect the levels of these two essential metals
in blood sera of T2D patients. As interactions of toxic
metals including Pb with essential trace elements have
been extensively studied (26). Continuous loss of Zn and
Mn over time through urination causes deficiency in TEs
levels that may demonstrates the decrease of Zn and Mn
in blood of diabetic patients (37).

The urinary Ni level was not different between T2D
patients and ND control subjects. There is scant infor-
mation available in literature; some human and animal
studies indicate that Ni deprivation lowers the blood
plasma glucose level, which subsequently alters metal-
lic elements (Zn, Fe and Cu) tissue distribution and
metabolism (38). An animal study shows that Ni induces
oxidative stress in body organs particularly in kidney
(39).

In the present study, no association was found
between the urinary levels of aforementioned metallic
elements with age, gender, clinical and anthropometric
characteristics. Kazi et al. reported sex- and age-related
impact on the bioavailability of TEs (20). The reason
for the disparity in the findings is not yet clear and may
be attributed to sample size. Simultaneously, the analy-
sis of metals in various biological specimens including
urine has been conducted in several previous studies.
Among them, blood plasma and urine may be more ben-
eficial, since derangements of metals in blood seems to
be reflected in urine of diabetic patients (10). Moreover,
urine can be obtained easily and non-invasively com-
pared to with other biofluids such as blood plasma/
serum, lacriminal fluid and synovial fluid (8); therefore,
urine was used in this study.

CONCLUSION

Based on the findings obtained in this study, it could be
concluded that the normal levels of essential metals are
disturbed in T2D patients, which are reflected in their
urine samples. The status of essential TEs in various
body tissues is influenced by renal excretion. Alteration
in the level of one metal may influence the normal
levels of other metals. As in the present study, statisti-
cal analysis demonstrated a linear relationship between
a toxic metal Pb with two essential TEs, ie, Zn and Mn
in the urine samples of T2D patients. It can also be sug-
gested that toxic metals such as Pb may have a role to
induce renal tubular dysfunction in the study diabetic
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population. Subsequently, dysfunctional kidneys may
become a potential source for the loss of several essen-
tial TEs through urine voiding rather than their retention
in blood plasma/serum in order to retain the homeosta-
sis of blood and other tissues. Consistent with previous
reports, in the present study the high level of Zn was
observed in the urine samples of T2D patients. This high
urinary excretion of Zn results in decrease levels of Zn
in blood plasma/serum, which is the sign of disruptions
in the Zn-based antioxidant mechanism. However, the
levels of essential trace elements vary in samples studied
among individuals. Thus, it may be worth exploring fur-
ther interactions among various types of metals in T2D
patients using large number of urine samples.

Briefly in the present study, in addition to alterations
in metal status in the urine samples of T2D patients,
statistical analysis demonstrates relationships between
more than two metallic elements, which after further
large population-based prospective studies may prove to
have scientific as well as practical implications in under-
standing and controlling diabetes or its complications.
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ORIGINAL ARTICLE

Personal and Behavioural Characteristics of Seat Belt Non-users in Slovenia

M Bilban'?

ABSTRACT

Objective: In turn, personal and behavioural characteristics found in drivers who use seat belts
affect general traffic safety. The objective of our study was to determine the risk factors that
affect seat belt use across the observed behaviour-related groups of adult citizens of Slovenia.
Methods: Data were collected in late spring 2001, 2004, 2008 and 2012 in a cross-sectional
survey, which is conceptually part of a wider international project in the frame of the Coun-
trywide Integrated Non-communicable Diseases Intervention Programme. A stratified random
sample was drawn from the Central Population Registry of the Republic of Slovenia.

Results: The most significant results of our study showed that the important risk factors for seat
belt use in all three periods of examination are as follows: gender, age and education level. We
have found seat belt use in the front and the back car seats among adult citizens of Slovenia to
be gradually becoming more and more prevalent. However, there are still a worrisome percent-
age of people who never use seat belts.

Conclusion: We will thus have to continue implementing existing activities intended to raise
awareness and seat belt use. In particular, planning stages for various public-health measures
should see us focussing on at-risk population groups. Further data will have to be obtained in
order for us to be able to exactly evaluate behaviour-affecting risk factors (eg, psycho-physical

wellbeing, use of medicinal products).

Keywords: Behaviour-related groups, risk factors, seat belt, traffic safety.

INTRODUCTION

The seat belt is a vehicle safety device intended to pro-
tect the driver and passengers from serious injuries that
could result from a crash or sudden deceleration of the
vehicle. Failure to use the seat belt in an automobile is
a risk factor for grave injuries in traffic accidents (1).
According to the results of extensive studies, use of a
seat belt decreases the probability of mortal injury in a
traffic accident by over 40%, regardless of the speed or
the driver’s age (2).

Use of a seat belt is affected by a number of factors
connected to personal and behavioural characteristics
(3-5). A previous research finding (3—5) shows that
young drivers are less likely to use the seat belt than
older drivers and men are less likely to use the seat belt
than women.

Based on European legislation, a recommendation by
the European Commission sets a number of requirements
regarding seat belts in vehicles and their mandatory use
during driving. At the national level, the Road Traffic
Rules Act (6) prescribes seat belts in a motor vehicle
must be used by passengers in all seats that have them
and extends the authority to monitor and punish the fail-
ure to use a seat belt to city wardens. The only persons
exempt from having to use a seat belt are those who are
able to demonstrate, with a valid medical certificate, that
medical reasons prevent them from using a seat belt (6).

Numerous studies in Slovenia and abroad show that
appropriate legislation is one of the key factors of seat
belt use—in all countries where such legislation was
modernised, the use of seat belts has increased both in
car drivers and passengers (7—10).
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Our study’s objective was to define risk factors that
affect seat belt use for each of the three behavioural cate-
gories in adult citizens of Slovenia. A side objective was
to use the data gathered (in 2001, 2004, 2008 and 2012)
to evaluate the effectiveness of public-health measures
associated with seat belt use.

SUBJECTS AND METHODS

Data collection

Data were collected in late spring 2001, 2004, 2008 and
2012 in a cross-sectional survey, which was conceptu-
ally a part of a wider international project in the frame
of the Countrywide Integrated Non-communicable
Diseases Intervention (CINDI) Programme. A self-
administered postal questionnaire was used based on the
CINDI Health Monitor (CHM) Core Questionnaire. The
research protocol for the survey was approved by the
Ethical Committee of the Republic of Slovenia.

Observed outcomes

The patterns of seat belt use were assessed on the basis of
two questions: (a) ‘Do you use a seat belt when driving
or as a passenger in the front seat?’ (1—never; 2—some-
times; 3—almost always) and (b) ‘Do you use a seat belt
in the back seat?’ (1—never; 2—sometimes; 3—almost
always; 4—there is no seat belt in the back seat and
5—I never travel in the back of the car). On the basis
of cross-classification of both questions, participants
were classified in three groups according to the level of
hazardous behaviour regarding seat belt use (observed
outcome): 1—low-risk group (almost always in the front
seat, and almost always in the back seat, or they never
travel in the back of the car); 2—moderate-risk group
(almost always in the front seat, and never, or sometimes
in the back seat, or there is no seat belt in the back seat )
and 3—high-risk group (never, or only sometimes in the
front seat, regardless the answers regarding using seat
belt in the back seat).

Data analysis
For the analysis of non-use of seat belts in the front seat,
the total sample was used. Participants who reported that
they never travel in the back of the car, or that there was
no seat belt in the rear seat of their car, were excluded
from the analysis of non-use of seat belts in the rear seat.
The observed outcome was related to (risk factors)
gender; age: 25-29, 30-39, 40—49, 50-59 or 60—64
years; level of education: uncompleted primary (less
than 8 years of education), primary (8 years), vocational

(10-11 years), secondary (12 years), college (14—15
years) or university (16 years or more of education);
employment: employed, not employed (housekeeper/
student, pensioner/disability pensioner, involuntary
unemployed— job seeker); social class (self-classifica-
tion): lower, labour, middle, upper-middle or upper; and
geographical region: western, central or eastern for each
observed year.

Estimates of prevalence for three levels of observed
outcome were assessed for each population subgroup
regarding above-mentioned characteristics, whereas the
strength of the association between the occurrence of
observed outcome and each of selected risk factors was
univariate estimated using the Chi-squared test.

Multivariate logistic regression analysis was used
to estimate the strength of the association between the
occurrences of moderate-risk in comparison to low-risk,
and high-risk in comparison to low-risk behaviour and
selected risk factors. In all statistical tests p-value 0.05
or less was considered significant. SPSS statistical pack-
age for Windows Version 21.0 (SPSS Inc., Chicago, IL,
USA) was used for analysis.

RESULTS

Description of data
The questionnaires of 8861 (CHM, 2001), 8232 (CHM,
2004), 5885 (CHM, 2008) and 7562 (CHM, 2012)
respondents were eligible for analysis (Table 1).
Results of cross-classification of participants accord-
ing to their answers on questions about fastening with
seat belt in the front and in the back seat by year are
presented in (Table 1).

Statistical analysis

According to the different levels of hazardous behav-
iour: non-hazardous (low-risk) behaviour was observed
in 46.4% (CHM, 2001), 50.9% (CHM, 2004), 66.8%
(CHM, 2008) and 69.7% (CHM, 2012) participants;
hazardous (moderate-risk) behaviour was observed
in 46.2% (CHM, 2001), 41.1% (CHM, 2004), 28.3%
(CHM, 2008) and 26.3% (CHM, 2012) participants; and
very hazardous (high-risk) behaviour was observed in
5.5% (CHM, 2001), 4.5% (CHM, 2004), 1.9% (CHM,
2008) and 1.5% (CHM, 2012) participants.

Estimates of prevalence (%) for three levels of haz-
ardous behaviour related to seat belt use in a car, in
different population subgroups in participants of the
survey by observed year, are presented in Table 2.
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Table 1: Cross-classification of participants according to their answers on questions about seat belt use in the front and in the
back seat by observed years
Front seat Back seat
Never Sometimes  Almost always No seat-belt in the Never travel in the Total
back seat back of the car
2001 (n=8861)
Never 46 5 0 1 8 60
Sometimes 283 58 0 22 74 437
Almost always 1873 1746 2130 555 2060 8364
Total 2202 1809 2130 578 2142 8861
2004 (n = 8232)
Never 33 5 0 0 3 41
Sometimes 228 57 0 6 56 347
Almost always 1427 1854 2673 224 1666 7844
Total 1688 1916 2673 230 1725 8232
2008 (n = 5885)
Never 21 1 0 0 0 22
Sometimes 55 25 0 2 10 92
Almost always 622 1033 3288 61 767 5771
Total 698 1059 3288 63 777 5885
2012 (n=7562)
Never 17 2 0 1 20
Sometimes 60 28 0 11 99
Almost always 564 1438 4542 35 864 7443
Total 641 1468 4547 35 876 7562

Results of multivariate logistic regression analysis
between moderate-risk behaviours related to seat belt
use in a car in comparison to low-risk behaviour by
observed year are presented in (Table. 3).

Results of multivariate logistic regression analysis
between high-risk behaviours related to seat belt use in
a car in comparison to low-risk behaviour by observed
year are presented in (Table. 4).

DISCUSSION
The most significant results of our study have shown
that the major risk factors affecting seat belt use in all
three periods under investigation were: gender, age and
education level.

In the period under investigation, results have shown
an increase in the number of drivers who almost always
use the seat belt on either of the front seats. The trend
is particularly significant in seat belt use on back seats
(from 2001 to 2008, the share increased by 35.0%). At
the same time, the percentage of drivers who never use
a seat belt, neither on the front nor on the back seats, is
decreasing.

It is a fact that seat belt use prevents traffic accident
injuries and/or reduces their severity. Numerous studies
show an increased awareness regarding the use and per-
ception of the use of seat belts in professional drivers.
Regarding traffic accidents, the European Commission
notes that numerous fatalities and cases of serious injury
in traffic accidents could be averted if everybody used
a seat belt while travelling by car, resulting in a great
decrease of the costs associated with such accidents. A
number of studies have found that a 100% seat belt use
rate would halve the number of traffic accident fatali-
ties while reducing the number of serious injuries by
as much as 70%. At high speeds, the seat belt can only
cause surface injuries to the body and skin, minor bone
fractures; only in exceptional cases does seat belt use
result in serious internal injuries. Injuries potentially suf-
fered with seat belt use are simply incomparable to those
potentially suffered by drivers who fail to use the seat
belt (11).

In case of a traffic accident, failure to use a seat belt
may cause the driver to crash into the steering wheel,
the windshield or other parts of the vehicle’s interior, or



Bilban 57

Table 2: Estimates of prevalence (%) for three levels of hazardous behaviour related to seat belt use in a car, in different population subgroups in participants

of the survey by years, Slovenia

Population groups Low risk level P
Year (%)
2001 2004 2008 2012
Gender
Men 25.8 242 209 29.1 <0.001
Women 212 240 239 308
Age (years)
25-29 256 249 2211 274 <0.001
30-39 263 245 218 274
40-49 23.8 243 219 30.1
50-59 215 235 241 309
60-64 200 240 221 339
Education level
Uncompleted primary 346 308 19.8 148 <0.001
Primary 26.6 26.1 223 250
Vocational 275 262 225 238
Secondary 19.6 215 222 368
college 23.0 238 230 302
University 182 194 240 384
Employment
No 229 239 204 328 <0.001
Yes 23.6 244 245 276
Social class (self-classification)
Lower 21.1 187 253 349 <0.001
Labour 229 228 230 313
Middle 237 238 222 304
Upper-middle 237 272 227 264
Upper 363 295 11.0 233
Geographic region
Western 241 243 217 299 0.332
Central 233 234 223 309
Eastern 229 244 230 29.6

Moderate risk level P High risk level )4
Year (%) Year (%)
2001 2004 2008 2012 2001 2004 2008 2012
349 310 146 19.6 <0.001 415 353 119 11.3 0.010
377 304 153  16.6 50.1 335 7.0 9.4
363 331 163 143 <0.001 419 424 78 7.8 0.001
375 304 141 18.1 464 339 94 103
409 296 134 16.1 498 328 98 7.5
320 304 176 20.0 36.1 332 149 159
327 311 133 229 448 259 86 207
546 288 9.2 7.5 <0.001 533 350 6.7 50  0.104
46.5 282 138 115 489 267 115 13.0
423 314 143 120 474 342 9.7 8.7
31.0 313 156 222 374 368 112 146
374 297 137 192 483 382 5.6 7.9
27.1 299 176 254 453 340 113 94
373 288 13.1 20.8 <0.001 424 297 100 179 <0.001
362 31.8 16.0 16.0 445 366 106 83
326 297 17.6 20.1 <0.001 270 351 10.8 27.0 <0.001
399 273 145 183 40.7 31.8 125 150
353 312 151 183 465 359 85 9.1
322 355 153 169 440 405 112 43
40.0 37.1 8.6 143 81.8 182 0.0 0.0
350 296 148 20.6 <0.001 43.8 340 104 11.8 0.609
349 313 162 176 476 352 9.7 7.6
384 308 143 165 43.1 348 104 11.7

Levels of hazardous behaviour: low risk (almost always in the front seat, and almost always in the back seat, or they never travel in the back of the car);
moderate risk (almost always in the front seat and never or sometimes in the back seat, or there is no seat belt in the back seat ) and high risk (never, or only
sometimes in the front seat, and all answers regarding using a seat belt in the back seat); p <0.05.

throw the driver out of the vehicle (11). Our research
results have shown 0.8% (CHM, 2001) to 0.3% (CHM,
2012) of adult Slovenian citizens never to use the seat
belt on the front seats. Failure to use the seat belt is even
more frequent on back seats: from 24.5% (CHM, 2001)
to 8.3% (CHM, 2012).

In the European Union (EU) alone, failure to use
the seat belt claims almost 7000 lives each year. Traffic
safety planners in Europe are thus convinced that fail-
ure to use seat belts should be punished even more
severely (12). The stated reasons for failure to use seat
belts are as follows: 34% of drivers forget to use it; 22%
are only driving a short distance and 10% do not use it
because it bothers them while they are driving (13). As
indicated by the results of our study, efforts in Slovenia

should be focussed on the groups that are most at risk, ie,
those between 25 and 29 years of age, those with a low
level of education and those living in western Slovenia.
Considering the results noted in each year of the study,
the measures already implemented have been success-
ful. However, we still have to work to determine the
population groups that are at the highest risk and design
appropriate measures with them in mind.

In addition to warning lights, newer cars often fea-
ture an audible warning signal. Estimates in Sweden
indicate that an effective system that warns the vehicle’s
occupants to use their seat belts may decrease the fatal-
ity rate in traffic accidents by about 20%. In the EU, that
would mean a difference of approximately 4000 deaths
every year (13).
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Table 3: Results of logistic regression analysis of risk factors for moderate-risk behaviour related to seat belt use in a car in comparison to low-risk
behaviour in participants of the survey Slovenia

Risk factor Observed category Reference Moderate-risk to low-risk level
category Year 2001 Year 2004 Year 2008 Year 2012
OR )4 OR )4 OR V4 OR )4
Gender Men Women 1.55 <0.001 122 <0.001 1.08 0.245 094 0.326
Age (years) 25-29 50-59 1.17 <0.001 1.13 <0.001 120 <0.001 1.11 <0.001
30-39 50-59 1.08 <0.001 1.04 0.025 1.05 0.061 1.10 <0.001
40-49 50-59 1.07 <0.001 099 0527 098 0246 098 0.226
60-64 50-59 094 0.008 095 0.018 0.87 <0.001 0.92 0.001
Education level Uncompleted primary  University 0.99 0.768 094  0.008 1.00 0876 1.02 0.553
Primary University 098 0513 095 0.007 1.0l 0.752 1.00 0.164
Vocational University 0.98 0471 096 0.018 1.02 0553 1.00 0.329
Secondary University .00 0.709 099 0.791 1.0l 0456 1.02 0.226
College University 1.02 0258 098 0.318 1.01 0915 1.02 0.214
Employment Yes No 1.02 0657 091 0.003 097 0442 1.02 0.514
Social class (self-classification) Labour Lower 1.16 0.312  0.82 0.242 0.84 0.336 1.10  0.564
Middle Lower 1.04 0827 0.86 0.390 1.00 0988 120 0.279
Upper-middle Lower 0.93 0.666  0.83  0.307 1.01 0981 1.33 0.141
Upper Lower 084 0506 090 0.709 1.35 0523  1.55  0.229
Geographic region Western Eastern 1.03 0.102 1.08 <0.001 1.13 <0.001 1.12 <0.001
Central Eastern 1.01 0.442  1.06  0.001 1.10  <0.001 1.06 0.008

Abbreviations: OR = odds ratio; levels of hazardous behaviour—low risk (almost always in the front seat and almost always in the back seat or they
never travel in the back of the car) and moderate risk (almost always in the front seat and never or sometimes in the back seat, or there is no seat
belt in the back seat); p < 0.05.

Table 4: Results of logistic regression analysis of risk factors for moderate-risk/high-risk behaviour related to seat belt use in a car in comparison to
low-risk behaviour in participants of the survey Slovenia

Risk factor Observed category Reference  High-risk to low-risk level
category  year 2001 Year 2004 Year 2008 Year 2012
OR P OR p OR p OR ¥4
Gender Men Women 0.54 <0.001 040 <0.001 0.22 <0.001 037 <0.001
Age (years) 25-29 50-59 1.24  <0.001 138 <0.001 1.12 0.195 1.27  0.003
30-39 50-59 1.19 <o0.001 1.19 <0.001 1.10 0.179 1.15  0.044
4049 50-59 1.13 0.002 .11 0.018 1.06  0.439 1.00  0.821
60-64 50-59 0.95 0.478 0.85  0.060 0.79  0.097 1.00 0452
Education level Uncompleted primary ~ University  1.17 0.002 1.25 <0.001 123 0.063 1.22 0.098
Primary University  1.12 0.006 1.13  0.013 1.13  0.143 1.22 0.010
Vocational University 1.13  <0.001 1.15 <0.001 1.16 0.026 1.20  0.007
Secondary University ~ 1.08 0.021 1.12 0.002 1.17  0.013 1.15 0.023
College University  1.08  0.061 1,13 0.004 1.04  0.695 1.13 0.147
Employment Yes No 0.90 0.177 0.89  0.157 0.92  0.612 1.03 0.792
Social class (self-classification) Labour Lower 1.13 0.738 0.54  0.060 1.00  1.000 0.495 0.067
Middle Lower 1.48  0.304 0.67  0.228 1.00  0.980 0.40  0.028
Upper-middle Lower 1.94  0.111 0.85  0.659 1.82 0391 036 0.090
Upper Lower 341 0.022 0.53 0425 - - - 0.998
Geographic region Western Eastern 1.09 0.039 1.08  0.089 1.14  0.097 1.11 0.195
Central Eastern 1.00  0.941 1.00  0.948 1.00  0.651 0.89  0.186

Abbreviations: OR = odds ratio; levels of hazardous behaviour—low risk (almost always in the front seat and almost always in the back seat, or they
never travel in the back of the car) and high risk (never or only sometimes in the front seat and all answers regarding using seat-belt in the back seat);
p=<0.05.
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A driver and passenger in the front seat who are
wearing their seat belts can usually walk from a 64 km/
hour head-on collision with minor injuries. However, if
the driver and passenger are not strapped in, the con-
sequences of a collision at such speed are much more
serious (14).

Seat belt use is lowest in city centres, as people often
erroneously think that low speeds make seat belts unnec-
essary. However, one should take note of the fact that an
adult is only able to resist the weight of his body using
his arms and legs up to speeds of about 7 km/h. In a
colliding vehicle travelling at 50 km/hour, the body is
acted upon by forces similar to those that would occur
in case of a fall from 10 m, and the forces only become
greater with higher speeds. Studies emphasise different
factors (15). In a Nigerian study (16), as much as 86%
of respondents answered that the seat belt must be used
during driving, while 95.5% of drivers said that they did
not agree with the statement that the failure to use a seat
belt may cause a traffic accident. In our own study, the
share of drivers who always use the seat belt when driv-
ing in front increased.

In northern Italy, where traffic accident-related mor-
tality is about 30% higher than the Italian average, the
greatest risk factor for a fatal traffic accident is failure
to use the seat belt. It is believed interventions in crimi-
nal prosecution, driver behaviour and the environment
would be necessary to remedy the situation (17). Such
measures have already proved effective in Slovenia, as
indicated by the results of our study for individual years.

Research carried out in the United Arab Emirates
found age, education level, gender, marital status and
personal habits to have a significant effect, leading the
researchers to believe measures should be implemented
as part of traffic safety campaigns to raise awareness
regarding seat belt use (18).

Spanish drivers believe that higher speeds on high-
ways are associated with higher risk and that seat belts
can provide protection in this regard. Failure to use a
seat belt is associated with driving safety awareness,
discomfort, social status (low level of education) and
distrustfulness regarding seat belt effectiveness. Fear of
punishment for failure to use the seat belt is not con-
sidered significant. They conclude that this necessitates
preventive education [social pressure] (19). Among
young drivers, failure to use the seat belt is among the
most significant risk factors for having a traffic acci-
dent (20). A driver’s specific behaviour, consumption
of alcohol or drugs and failure to use the seat belt all

significantly increase the probability of major traffic
accidents and injuries.

Driving mistakes tend to have less of an effect than
the driver’s personal characteristics, while age and
gender are almost negligible as factors (21). In the
United States of America, research has been carried out
into the influence of various cultural variables on seat
belt use. It has been discovered that religion, race and
political orientation all have a positive effect, while the
effects of income and education were negligible, indi-
cating new possibilities, in education and legislation,
to achieve higher seat belt use and consequently better
traffic safety (22). Findings of the US study show that
failure to use the seat belt is associated with antisocial
behaviour and coincident psychological distress. Among
those least likely to use the seat belt are younger men,
those with low income and those with higher education.
People are also less likely to use the seat belt as passen-
gers in a car if they are under the influence of alcohol or
other drugs or if they have committed any offences indi-
cating antisocial behaviour or criminal offences (23).

Among professional drivers of delivery vehicles, as
much as 67% answered that they always use the seat belt
(which only 31% of other drivers do). The common rea-
sons for failing to use it are: frequent stops (29%) and
ignorance of the risks involved (23%). Seat belt use is
highest among delivery vehicle drivers (88%) followed
by bus drivers (87%). On the other hand, seat belt use is
only 60% among truck drivers (5, 24).

A study in Qatar has determined as much as 23% of
the drivers who had caused a traffic accident were not
using seat belts at the time, while causes of traffic acci-
dents were determined to be dominated by the human
factor (25). Research in Iran has also determined that
the level of seat belt use in cars is very low, prompting
researchers to propose development and implementation
of effective intervention measures in order to encourage
seat belt use (26).

The greatest part of those injured because of a failure
to use the seat belt is made-up by young male drivers and
those driving under the influence of alcohol, involved
in single-car accidents on rural roads. Twenty per cent
of drivers injured in traffic accidents were not wearing
seat belts, while their share among fatalities was as high
as 68%. Non-users involved in traffic accidents are at a
significantly higher risk for serious injuries of the head,
face, chest, abdomen and lower limbs (27). A study car-
ried out in Boston has found the rate of seat belt use to be
about 80% at the national level, but only around 63% in
Massachusetts. Less likely to use a seat belt were men,



60 Characteristics of Seat Belt Non-users

those who consume alcohol (over five drinks in a single
episode), those who drink during driving and those who
responded that they are bothered by the seat belt or had
forgotten to fasten it (28). A Greek study has found seat
belt use in cities to be lower than in the country, and
that young and elderly male drivers were least likely
to buckle-up. Seat belts were especially rarely used by
back-seat passengers (29). The results in our study were
similar. In 2000, shares of drivers who did not use their
seat belts among all traffic accident fatalities were as fol-
lows: 39% in Finland, 31% in Germany, 30% in Ireland,
50% in Austria, 39% in Spain and 42% in Greece (30).
The past few decades have seen seat belt use increase
everywhere, including the most developed countries;
in the US, for example, the increase was from 27% in
1985, through 49% in 1990, 68% in 1995, 71% in 2000,
82% in 2005, to 93% in 2010 (31).

CONCLUSION

We can conclude seat belt use among adult citizens of
Slovenia is on the rise both in the front and in the back of
the car, with the highest increase seen in front seats. We
will thus have to continue implementing existing activi-
ties intended to raise awareness and seat belt use. Further
data will have to be obtained in order for us to be able
to exactly evaluate behaviour-affecting risk factors (eg,
psycho-physical wellbeing, use of medicinal products).
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Knowledge, Attitude and Beliefs of Undergraduate Medical and Dental Students

towards Dental Treatment during Pregnancy

RL Balkaran, AK Bissoon-Moonasar, TJ Hector, DK Ramsahai, ME Thorpe,
NV Ramlogan, TM Ford, LK Deyalsingh

ABSTRACT

Objective: To determine the knowledge, attitudes and beliefs of pre-clinical medical and dental
undergraduate students, at the University of the West Indies, towards dental treatment during
pregnancy.

Methods: All I and 2" year students attending the University of the West Indies, Schools of
Dentistry and Medicine were invited to participate in a self-administered validated question-
naire which was piloted on the dental interns for item clarity.

Results: Two hundred and seventy-seven students participated in the study. Mean age 20.6
years, 53.8% female, with the major ethnic groups showing 56.2% Indo-Trinidadian and 21%
Mixed. Some (12.3%) thought that swollen gums were associated with pregnancy, while 28%
of participants felt that bleeding gums were not associated with pregnancy. The majority of
participants (61.8%) felt that it was safe to conduct dental examinations during pregnancy,
however, 27.6% of the participants felt that radiographs were safe during pregnancy. The
majority (54%) were uncertain whether the pregnancy was associated with tooth decay. More
than three-quarter of the students (77.9%) were unsure whether oral disease was associated
with pre-eclampsia.

Conclusion: These data provide the first insight into the knowledge, attitudes and beliefs
of pre-clinical dental and medical undergraduate students on pregnancy and oral health in
the Caribbean. The knowledge of the participants in this study was low, which underscores
the need to educate all future health professionals at the pre-clinical level on the correlation
between dental health and pregnancy and the importance of the effects of dental treatment on

systemic diseases.

Keywords: Pregnancy, undergraduate, West Indies.

INTRODUCTION

Several studies have shown that there is an association
between maternal oral health and the general health of
both the pregnant woman and her child (1). Pregnancy
is associated with an increased risk of oral conditions
such as dental caries, pyogenic granulomas, mobile
teeth, gingivitis and periodontitis (2). The incidence of
periodontal disease in pregnant women is higher than
in non-pregnant women, possibly due to the increase in
the concentration of oestrogen and progesterone during
pregnancy.

Periodontal disease is an inflammatory response, by
the host to bacterial infection, which leads to the destruc-
tion of the bone and surrounding tissues (3). It is a
common chronic infection that has a variable prevalence,
between 35% and 79%, worldwide (4). Periodontal dis-
ease has recently been suggested as a contributory factor
to impaired glucose metabolism in women who had a
history of gestational diabetes (5). Periodontitis has been
associated with poor pregnancy outcomes such as pre-
term birth, low birth weight and gestational diabetes.
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Moreover, it was suggested that periodontal disease
may increase the risk of having preterm low birth weight
infants. This is as a result of the biologic mediators of
inflammatory processes such as prostaglandins E2 and
tumour necrosis factor. The common bacterial prod-
uct lipopolysaccharide may also have a triggering role
which adversely changes the course of pregnancy (5).

Many women do not present for dental care during
their pregnancy even though all dental prevention, diag-
nosis and treatment can be safely provided during the
entire pregnancy (1). This may be due to the dental
practitioner’s and the mother’s knowledge and beliefs
about dental care during pregnancy (1). In a study on
medical doctors’ attitudes and knowledge of the asso-
ciation between oral health and pregnancy outcomes, it
was shown that physicians do not routinely advise their
patients to seek dental care during pregnancy (6).

In general, little is known about health care profes-
sionals’ knowledge and attitudes regarding oral health
care during pregnancy (7), and to the best of our knowl-
edge, there is no such information for undergraduate
dental and medical students. Therefore, the knowledge,
attitudes and beliefs of dental and medical students are
important to decrease the paucity of information on this
topic.

SUBJECTS AND METHODS

The sampling frame for this study comprised the
class register for all 1% and 2™ year students attending
the University of the West Indies (UWI), Schools of
Dentistry and Medicine, and these students were invit-
ed to participate in a self-administered questionnaire
consisting of 26 questions. Those who were in clinical
years three to five or were graduates of the UWI School
of Dentistry and School of Medicine or were under 18
years old were excluded from the study.

Undergraduate, pre-clinical students in 1% and 2™
years of medicine and dentistry were asked by six dental
students of 2™ year to participate in the questionnaire
prior to their didactic lectures at the Faculty of Medical
Sciences. The reason for non-participation was not
ascertained.

The questionnaire was based on a validated one used
in a similar study on Obstetricians (8) and was piloted on
the dental interns at the School of Dentistry for item clar-
ity. The questionnaire was divided into three sections:
(1) The students’ demographics, medical or dental year

of undergraduate study;
(2) The students’ knowledge of associations between
pregnancy and oral health;

(3) The students’ knowledge of oral health care during
pregnancy and attitudes towards oral healthcare
during pregnancy.

In sections two and three the responses were yes, no
and don’t know (Table 1). Ethical approval for the study
was given by the University of the West Indies Research
Ethics Committee and written consent for the study was
obtained from each student. Data collection took place
between January and March 2015. Data were analysed
using SPSS version 22.0.

Table 1: First- and second-year dental and medical students’ responses on
the effects of oral disease on pregnancy outcomes, pregnancy ef-

fects on oral health and safe oral health interventions in pregnancy

Effect of pregnancy on oral health Yes (%) No (%) Unsure (%)

Swollen gums 12.3 19.9 67.9
Bleeding gums 11.3 28.0 60.7
Excess tooth decay 16.3 29.7 54.0
Tooth loss 10.5 38.6 50.9
Effect of oral disease on pregnancy outcomes

Preterm birth 10.9 21.1 68.0
Low birth weight 17.3 20.6 62.1
Abortion 4.7 354 59.9
Still birth 5.4 31.8 62.8
Pre-eclampsia 6.5 15.6 77.9
Safe oral health interventions during pregnancy

Dental examination 61.8 10.5 27.6
X-ray safety 27.6 21.5 50.9
Dental extraction 26.2 28.7 45.1
Tooth brushing 89.5 1.4 9.1
Flossing 89.8 3.6 6.5
Mouth wash 76.1 8.0 15.9
Local anaesthetic 16.3 333 50.0
Antibiotics 13.0 44.9 42.0

Would recommend a dental visit during 87.0 12.7 0.4
pregnancy

Would recommend a delayed dental 19.6 80.4 -
visit during pregnancy

Attitudes of students towards oral treatment during pregnancy

Examination 95.3 4.7 -
Routine cleaning 90.5 9.5 -
Periodontal cleaning 76.6 23.4 -
Fillings/crowns 47.6 524 -
Extractions 304 69.6 -
Students’ sources of information

Book/magazine/pamphlet 21.1 78.9 -
Medical/dental journal 16.2 83.8 -
Undergraduate curriculum 17.8 82.2 -
vV 324 67.6 -
Internet 42.7 57.3 -
Other 59.3 40.7 -
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RESULTS

The reasons for non-response was not ascertained in our
study; however, the majority (68%) of non-responders
was from the medical undergraduates in year two.

Knowledge of associations between pregnancy and
oral health

Some (12.3%) participants thought that swollen gums
were associated with pregnancy, while some of the
participants (28%) felt that bleeding gums were not
associated with pregnancy (Table 1).

Knowledge of associations between oral health and
pregnancy outcomes

There was a general lack of knowledge by the undergrad-
uate students with respect to the effect of oral disease on
pregnancy outcomes; few (10.9%) thought that oral dis-
ease was associated with preterm birth (Table 1).

Beliefs of safe oral health interventions during
pregnancy

The majority of participants (61.8%) felt that it was safe
to conduct dental examinations during pregnancy, while
27.6% felt that radiographs were safe during pregnancy.
The largest proportion (45.1%) did not know if extrac-
tions were safe during pregnancy, while 33.3% felt that
local anaesthesia was unsafe.

Characteristics of the participants

Two hundred and seventy-seven students participated
in this study, 160 students of 277 students in the 1%
year and 117 students of 316 students in the 2™ year of
medicine and dentistry participated in the study. There
was a response rate of 46.7%. The majority of students
(80.5%) were medical undergraduate students. The par-
ticipants were aged between 18 and 30 years with a
mean age of 20.6 (SD = 2). Most participants (53.8%)
were female; the main ethnic groups comprised Indo-
Caribbean (56.2%), Mixed (21 %) and Afro-Caribbean
(15.2%) (Table 2).

Attitudes towards oral healthcare during pregnancy
Most of the participants (87.4%) stated that they would
recommend a dental visit during pregnancy, while
16.5% said they would delay this dental visit. The major-
ity (88.3%) would advise their patients to have routine
cleanings during pregnancy; however, some (68%)
would not advise their pregnant patients to have dental
extractions (Fig. 1).

Table 2: Characteristics of the participants

Undergraduate programme Frequency Valid percentage (%)

Dentistry 54 19.5
Medicine 233 80.5
Age

18-24 261 94.6
25-30 15 5.4
Gender

Male 128 46.2
Female 149 53.8
Year of Study

1% 160 57.8
2nd 117 422
Ethnicity

Afro Caribbean 42 15.2
Indo Caribbean 155 56.2
Caucasian 9 32
Chinese 1 0.4
Mixed 58 21.0
Other 11 4.0

Oral treatments that students would advise
their patients to have during pregnancy

100
o ‘ T
0

Examination Routine Periodontal Fillings/Crowns
cleaning cleaning
M Yes ® No

Figure: Attitudes towards oral healthcare during pregnancy.

DISCUSSION

During pregnancy there is an increased response to
dental plaque which leads to swollen gingivae which
are prone to bleeding on brushing (9). In a recent study
on dental interns (10), most of their participants (92%)
agreed that pregnancy increased the tendency to have
gingival inflammation, while in our study only 12.3%
thought that pregnancy was associated with swollen and
11.3% thought that pregnancy was associated bleeding
gums.

Given that periodontal disease may affect pregnan-
cy outcomes, one study suggests that dentists should
play a proactive role in the maintenance of oral health
of pregnant women (11). In our study, the majority of
participants (87%) stated that they would recommend
dental visits and 80.4% would not recommend that the
dental visit be delayed during pregnancy. This is a posi-
tive finding. In another study on Brazilian public health
professionals (7), the authors opined that health care
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professionals who had more favourable attitudes had a
more positive approach to understanding the connection
between oral and systemic health.

Pregnancy does not lead to tooth loss; however, only
38.6% of the participants in this study shared this belief,
which is in contrast to a study on Obstetricians, in which
the majority of their respondents correctly responded to
this belief. Patients who are pregnant often pay visits to
the dentist for tooth related pain and infections. These
conditions often require the use of a diagnostic imag-
ing technique to aid in their management. In a study on
dental interns (10), more than half (63%) said that there
were no problems with X-rays during pregnancy and
only 9% did not know, whereas in our study only 27.6%
stated that X-rays were safe and more than half of the
students (50.9%) were unsure.

This finding is of interest because the delay of dental
treatment during pregnancy due to the postponement
of dental radiography may have an adverse effect on
mother and foetus. Although X-rays are a form of ionis-
ing radiation that can result in cell and DNA damage,
it has been found that dental radiation exposure to the
foetus is negligible (12, 13). The current recommen-
dations are that routine dental radiographs should be
avoided during all trimesters of pregnancy but they can
and should be used selectively whenever needed. All
of the various techniques for minimising the absorbed
radiation dose like rectangular collimation of the beam
and the use of the lead apron should be undertaken
when radiographs are necessary in the pregnant patient.
Thus, education of students about the safety of dental
radiation during pregnancy plays an integral role in the
future health and well-being of their pregnant patients
and their unborn children.

Additionally, only 16.3% of the dental students who
participated in our study thought local anaesthetic was
a safe intervention during pregnancy, which was much
less when compared to another study where 60% of
their dental interns thought that it can be used (10). This
is a negative conclusion with respect to our research, as
it was found in a study on the oral health care of patients
(11) that local anaesthetic can be safely administered to
pregnant patients, who are healthy, once proper aspi-
ration technique and correct dosages are used. In our
study, the major response to the safety of antibiotics
during pregnancy was that it was not safe (44.9%) or
many (42%) were unsure, whereas Amoxicillin was the
most commonly prescribed antibiotic of dental interns
(96%) in their study (10).

In this study, the vast majority of participants (61%)
correctly believed that examinations were safe during
pregnancy and 95.3% had a positive attitude towards
recommending that pregnant patients have dental exam-
inations. This is a much higher than a similar study (6),
where only 49% of medical doctors reported that they
advised their pregnant patients to have dental visits and
unfortunately 88% advised their patients to delay dental
treatment until after pregnancy, whereas in our study
only 19.5% had this advice. The undergraduate students
also had positive attitudes towards routine dental clean-
ings, where 90.5% stated that they would advise this
treatment during pregnancy and 76.6% would recom-
mend periodontal cleanings.

The majority of the participants in this study did not
know about the relationship between pregnancy and oral
health and vice versa and their knowledge was in gen-
eral poor, where only 10.9% correctly believed that oral
disease was associated with preterm delivery and 6.5%
with pre-eclampsia. In addition to this, 17.3% of students
found that oral disease was correctly correlated with low
birth weight. These results were in contrast to that of the
study on Obstetricians in which the majority correctly
stated that there was a link between the health of gums
and pregnancy and periodontitis could eventually cause
preterm birth (8). This contrast maybe attributed to the
difference in the level of knowledge between undergrad-
uate medical and dental students and Obstetricians.

The greatest proportion of students (59.3%) stated
that their information on oral health and pregnancy was
derived from a source other than what was listed in the
questionnaire followed by the Internet (42.7%). These
results were in contrast to the findings on medical doc-
tors (6), in which 85% of medical doctors found books
and magazines to be their source of learning this infor-
mation and in another study on dental interns, their main
source were books (61%) and (30%) Internet (10).

The University of the West Indies, Faculty of Medical
Sciences, has shared classes for the medical and dental
students in the 1% and 2™ years of undergraduate training.
A recent study (7) showed that there should be encour-
aged opportunities for learning about oral and systemic
health; especially since health care professionals who had
worked in the public service or had post-grad programs
were more favourable to oral health aspects of pregnancy.
Moreover, in a study on the training of midwifery stu-
dents in oral care of pregnant patients, they showed that
the attitude of their participants improved three months
after an intervention (14). It is therefore believed that
this target group of preclinical undergraduate students
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would be ideal to incorporate classes on the association
between pregnancy and oral health.

The participants of this study are not representative

of all pre-clinical medical and dental undergraduate stu-
dents studying in Trinidad and the sample size is small.

CONCLUSION

These data provide the first insight into the knowledge,
attitudes and beliefs of pre-clinical dental and medical
undergraduate students on pregnancy and oral health
in the Caribbean. The holistic approach of modern-day
medicine gives a direct indication of the importance of
correspondence between medicine and dentistry. Given
that the knowledge of the participants in this study was
low, our findings illustrate the need to educate not only
dentists but also all future health professionals at the pre-
clinical level on the correlation between dental health
and pregnancy and the importance of the effects of
dental treatment on systemic diseases.
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ORIGINAL ARTICLE

Racial Differences in Seasonal Variation in Election and Non-election Years

in the Male-to-Female Ratio at Birth in the United States
V Grech, T Borg

ABSTRACT

Objective: In humans, male births exceed female births. This ratio is conventionally expressed
as M/F and is influenced by a large number of factors, including stress. This study was carried
out in order to ascertain whether the known seasonal variation in M/F in the United States
of America (USA), peaking in June, is affected by the quadrennial elections (November), and
whether any such influences vary by race.

Methods: Births by gender and by race for the period 2003-2013 were obtained from the
website of the Centers for Disease Control and Prevention for the four available races: White,
Black/African American, Asian/Pacific Islander and American Indian/Alaska Native. Election
years were 2004, 2008 and 2012. Seasonality tests were carried out for the entire group and
for White and Black/African American births.

Results: This study analysed 45 138 496 live births (23 102 106 males, 22 036 390 females,
M/F: 0.51180). Overall, M/F was the lowest in election years, rising, then falling Asian/Pacific
Islander births but not for Black/African American or American Indian/Alaskan Native births.
Overall and for White births, only election year plus 3 (year just before election) showed sea-
sonal variation (p < 0.01).

Conclusion: Seasonality may have been disturbed/reduced in most years due to the elections.
Black births may have been unaffected due to chronic stress caused by socio-economic damp-
ening of M/F trends.

Keywords: Birth rate/trends, infant, newborn, periodicity, seasons, gender ratio, United States

INTRODUCTION

In humans, male births exceed female births and this
ratio is conventionally referred to M/F, denoting male
births divided by total births. The male-to-female births
ratio (M/F) may be influenced by a large number of
factors (1) and has been shown to exhibit seasonal vari-
ation in various parts of the world (2). Early studies had
shown a low M/F in February and March and a high M/F
in summer in various parts of the world (3) with simi-
lar patterns in the United States of America (USA) more
recently (4).

The Trivers—Willard hypothesis proposes that indi-
viduals who are able to influence their offspring gender
ratio in accordance with their environment are likelier to
procreate, thereby dispersing these advantageous genes.

In polygynous species, only the fittest males reproduce.
For this reason, parental investment in a ‘good-quality’
son may yield greater numbers of descendants than an
equivalent investment in a ‘good-quality’ daughter. It is
thus advantageous for a mother to reproduce sons when
she has good resources, and daughters when she does
not. This is known as the Trivers—Willard hypothesis
(5). For the same reasons, it has been postulated that the
findings that stress reduces M/F may be explained by the
Trivers—Willard hypothesis.

The above-mentioned seasonal patterns of live
births support the Trivers—Willard hypothesis since the
birth of offspring in favourable seasonal conditions
increases the chances of said offsprings’ survival. It
has also been recently shown that in the USA, for the
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period 2003—-2013, M/F was the highest in Asian/Pacific
Islanders, followed by White, American Indian/Alaska
Native and Black/African American births, with these
differences occurring at statistically significant levels (4).
Significant seasonality was present overall in the USA,
with a peak in June, for Whites more than Black/African
American, and absent in the rest. It was conjectured that
the traditionally lower M/F found in Black/African and
American Indian/Alaskan births may be stress related in
that these races are overall socio-economically under-
privileged and hence chronically stressed (6). It was
therefore also hypothesised that the dampened seasonal-
ity noted in Black/African American births might also be
due to this phenomenon (4).

In the USA, election day is set by the law for the
general election of public officials. The event and
the associated political campaigns have been shown
to engender significant stress in the populace (7, 8).
Election day always occurs on the Tuesday after the
first Monday in November (November 2™ to the 8") and
the Presidential Elections occur every four years. This
provides a unique opportunity to ascertain whether the
election campaigns and the elections themselves exert
any influence on M/F (9).

This study was carried out in order to ascertain wheth-
er the seasonal variation in M/F in the USA is influenced
by the Presidential Elections and whether there are any
racial variations.

SUBJECTS AND METHODS

Data and definitions
Births by gender and by race for the period 2003-2013
were obtained from the website of the Centers for
Disease Control and Prevention in the CDC Wonder sec-
tion (http://wonder.cdc.gov/natality.html). The data was
available for four races: White, Black/African American,
Asian/Pacific Islander and American Indian/Alaska
Native. Ethical approval was irrelevant as this analysis
comprised a large and completely anonymous dataset.
For the same reason, informed consent was unnecessary.
Election years were 2004, 2008 and 2012. Election
years plus one were 2005, 2009 and 2013. Election
years plus two were 2006 and 2010. Election years plus
three (pre-election years) were 2003, 2007 and 2011.
Seasonality tests were carried out on the above-men-
tioned year groups for all Americans, White Americans
and Black/African Americans. American Indian/Alaskan
Native and Asian or Pacific Islander were not analysed

for seasonality due to the (relatively) small numbers of
these births.

Statistical analysis

Prior to any use of statistical tools, a series of tests were
done on the data to check for homogeneity of variance,
independence of observations and normality. Data were
also plotted to check for obvious outliers.

Seasonality was analysed using Demetra (version
1.0.4.323) and a model-based method (X12) was oper-
ated to fit an Autoregressive Integrated Moving Average
(ARIMA) model to the data. A series of seasonality tests
were carried out on each time series after the ARIMA
model was determined. These included non-paramet-
ric tests for stable seasonality using the Friedman and
Kruskall-Wallis tests, a test for the presence of season-
ality assuming stability, evolutive seasonality test and
combined seasonality test. The combined seasonality
test passes if the first three tests pass at the 1% (p <0.01)
level and if the evolutive seasonality test fails at the 20%
(»>0.2) level.

Further tests on seasonality using analysis of vari-
ance (ANOVA) were carried with the null hypothesis
showing no statistically significant difference between
the means of each month. An ANOVA was carried out
with Statistical Package for the Social Sciences (SPSS,
International Business Machines Corporation, New
York, USA). A p-value < 0.05 was taken to represent a
statistically significant result.

The quadratic equations of Fleiss were used to calcu-
late the exact 95% confidence limits (10). Chi tests were
used for trend testing of male and female births using the
Bio-Med-Stat Excel add-in for contingency tables (Peter
Slezak, Bratislava, Slovakia) (11).

RESULTS

This study analysed a total of 45 138 496 live births
as 23 102 106 males and 22 036 390 females (M/F:
0.51180, 95% CI: 0.51166, 0.51195) born over the
period 2003—13. Annual totals by race for election years
(2004, 2008, 2012), election years plus one (2005, 2009,
2013), election years plus two (2006, 2010) and election
years plus three (pre-election years: 2003, 2007, 2011)
are shown in Table 1.

Overall, M/F was the lowest in the election years,
rising then falling again in the election year. This pattern
was present for White and Asian/Pacific Islander births
but not for Black/African American or American Indian/
Alaskan Native births. These trends were not statistically
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Table 1: Annual totals by race and male-to-female birth ratios for amalga-
mated years (election, election +1, +2 and +3)
Election Election Election  Election Total
year year + 1 year+2  year+3
American Indian/Alaskan Native
Male 70 992 71034 47981 70 925 260 932
Female 68 565 68 435 46 500 67 989 251489
Total 139 557 139 469 94 481 138914 512421
UCL 0.51132 0.51194 0.51103 0.51320 0.51058
M/F 0.50870 0.50932 0.50784  0.51057 0.50921
LCL 0.50607 0.50669 0.50464  0.50794 0.50784
Asian or Pacific Islander
Male 388 955 385772 252 057 376 193 1402977
Female 366 155 362 098 235874 353413 1317 540
Total 755 110 747 870 487931 729 606 2720517
UCL 0.51622 0.51696 0.51799  0.51676 0.51630
M/F 0.51510 0.51583 0.51658  0.51561 0.51570
LCL 0.51397 0.51469 0.51518  0.51446 0.51511
Black or African American
Male 976 945 977 766 663794 970152 3588657
Female 944 064 947 746 639 112 938272 3469 194
Total 1921009 1925512 1302906 1908424 7057851
UCL 0.50927 0.50850 0.51033 0.50906 0.50883
M/F 0.50856 0.50780 0.50947  0.50835 0.50846
LCL 0.50785 0.50709 0.50861 0.50764 0.50809
White
Male 4862592 4811220 3267340 4908388 17849 540
Female 4634319 4577124 3112283 4674441 16998167
Total 9496911 9388344 6379623 9582829 34847707
UCL 0.51234 0.51279 0.51254  0.51252 0.51238
M/F 0.51202 0.51247 0.51215 0.51221 0.51222
LCL 0.51170 0.51215 0.51176 0.51189 0.51205
All
Male 6299484 6245792 4231172 6325658 23102106
Female 6013103 5955403 4033769 6034115 22036390
Total 12312587 12201195 8264941 12359 45138496
773
UCL 0.51191 0.51218 0.51228  0.51207 0.51195
M/F 0.51163 0.51190 0.51194 0.51179 0.51180
LCL 0.51135 0.51162 0.51160 0.51152 0.51166

UCI = upper confidence interval; LCI = lower confidence interval.
Election years: 2004, 2008 and 2012

Election years plus one: 2005, 2009 and 2013.
Election years plus two: 2006 and 2010.
Election years plus three (pre-election years): 2003, 2007 and 2011.

significant, even when data were pooled for White and

Asian/Pacific Islander births.

Monthly M/F for the entire period is shown in Fig. 1.
The same data for election years (2004, 2008 and 2012),
election years plus one (2005, 2009 and 2013), elec-
tion years plus two (2006 and 2010) and election years
plus three (pre-election years: 2003, 2007 and 2011) are

shown in Figs. 2-5, respectively.
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Fig. 2: Monthly M/F for election years (2004, 2008 and 2012).
M/F = male-to-female ratio.
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Fig. 4: Monthly M/F for election years plus two (2006 and 2010).
M/F = male-to-female ratio.
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Fig. 5:  Monthly M/F for election years plus three (pre-election years: 2003,

2007 and 2011).
M/F = male-to-female ratio.

The ARIMA (0, 1, 1) (0, 1, 1) was fitted on all data and
for three of the four time series being analysed. For the
total American population, that is, including all four
races, of all four time series, election year plus three
exhibited a seasonal variation at p < 0.01. Combined
seasonality was absent in election years and election
years plus one (Table 2). Nevertheless, ANOVA results
show significant differences between months at p < 0.05
for all years under the study.

For election years plus two (2006 and 2010), the
time series was too short for the ARIMA modelling.
Additionally, the data violated the assumptions for
ANOVA testing. The Kruskall-Wallis test was used
instead to check for seasonality for summated quarterly
rather than monthly data. Seasonality was not present at
even for quarterly data.

White American births exhibited the same season-
al pattern as total Americans, with seasonal variation
present in the election years plus three (time series at
p <0.01). Similarly, ANOVA results for White American
births confirmed the seasonality pattern for the time
series grouping mentioned earlier. Seasonality was
absent in Black/African American births for all time-
series combinations under the study. For the other two
races (Asian/Pacific Islander and American Indian/
Alaska Native), the dataset was too small to attempt to
perform seasonality analysis.

DISCUSSION

Overall

A previous study has shown significant seasonality in
the USA overall, with an M/F peak in June (4). For the
total population (all four races), the ANOVA showed
significant differences between months at p < 0.05 for
all years under the study.

Table 2: ANOVA and five seasonality test results on all four American rac-
es, and on separately on White and Black/African births

ANOVA and five All races Whites  Black/
seasonality tests

African

All years ANOVA <0.0001 <0.0001 0.005
Friedman test <0.0001 <0.0001 0.0005
Kruskall-Wallis test <0.0001 <0.0001 0.0006
Test for presence of <0.0001 <0.0001 0.0009
seasonality assuming
stability
Evolutive seasonality 0.7993 0.4233  0.4649
test
Combined seasonality SP Sp SP
test

Election years ANOVA 0.001 0.006 0.533

(2004, 2008 and

2012)
Friedman test 0.006 0.0191 0.3142
Kruskall-Wallis test 0.0195  0.0316 0.3944
Test for presence of 0.001 0.0073  0.4215
seasonality assuming
stability
Evolutive seasonality 0.9973 0.7674  0.1174
test
Combined seasonality SA SA SA
test

Election years ANOVA 0.01 0.008 0.109

plus one (2005,

2009 and 2013)
Friedman test 0.0069  0.0027 0.1986
Kruskall-Wallis test 0.0243  0.0322 0.1233
Test for presence of 0.0032  0.0032  0.103
seasonality assuming
stability
Evolutive seasonality 0.4851 0.5399 0.254
test
Combined seasonality SA SA SA
test

Election years ANOVA 0.0001 0.001 0.211

plus three

(2003, 2007 and

2011)
Friedman test 0.0013 0.0002  0.1216
Kruskall-Wallis test 0.0081 0.0063  0.1576
Test for presence of 0.0001 0.0001  0.1209
seasonality assuming
stability
Evolutive seasonality 0.8634 0.7954  0.4627
test
Combined seasonality Sp Sp SA

test

SA = seasonality absent; SP = seasonality present.
The Kruskall-Wallis test was used for election years plus two (2006 and
2010).

However, analysis by amalgamated years showed that
only election years plus three exhibited a significant sea-
sonal variation. It may be hypothesised that seasonality
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was absent and therefore possibly disturbed or reduced
by stress engendered by the electoral campaigns in elec-
tion years and election years plus one. However, it is
difficult to extend this explanation to election years plus
two. A possible explanation for this is a type 2 error,
since there were less data (one less year) in this group.

This socio-economic dampening effect on M/F is
supported by the observed rise in M/F in what may be
a recovery from stress after election years and a decline
back down as the elections approach, since this is only
observed in the more socio-economically privileged
groups, White and Asian/Pacific Islander, but not for
Black/African American or American Indian/Alaskan
Native births.

Racial differences

A previous study had also shown significant seasonality
in M/F for Whites more than Black/African American,
and absent seasonality in the rest (4). It had also been
shown that M/F was significantly highest in Asian/Pacific
Islander (p < 0.0001), followed by White (p = 0.002),
American Indian/Alaska Native (p = 0.04) and Black/
African American births (p = 0.04) (4).

In this study, White American births exhibited the
same seasonal pattern as the above-mentioned totals.
This was the largest population and hence the group
least likely to result in a type 2 error.

Seasonality was absent in Black/African American
births for all time series combinations. This may be due to
the fact that Black births were far less than White births,
and therefore the possibility of a type 2 error cannot
be discounted. However, it is possible that seasonality
is truly absent in Black births since both ANOVA and
combined seasonality testing indicate absence of sea-
sonality. This may be because, as already alluded to, this
population is chronically stressed due to socio-economic

circumstances. Seasonality may therefore be dampened,
and M/F effects due to election campaigns/elections may
therefore not be manifest.
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Ameliorative Effect of Zinc Oxide and Silver Nanoparticles on Antioxidant System

in the Brain of Diabetic Rats
M Afifi'?, AM Abdelazim?

ABSTRACT

Objective: To test the ability of both zinc oxide (ZnONPs) and silver (SNPs) nanoparticles to
ameliorate the oxidative stress resulting from diabetes in diabetic rats.

Methods: Fifty male albino rats were randomly used: 10 served as a control and 40 rats were
injected with single dose (100 mg/kg) of streptozotocin (STZ) intraperitoneally. They were
subdivided into untreated diabetic, + ZnONPs, diabetic + SNPs, and diabetic + insulin. The
activities and messenger RNA (mRNA) expression levels of superoxide dismutase (SOD), cata-
lase (CAT), glutathione peroxidase (GPx) and glutathione reductase (GRD) were determined
in the brain tissues. Malondialdehyde, total antioxidant capacity (TAC), zinc (Zn) and silver
(Ag) concentrations were estimated in the brain tissues of all rats.

Results: A significant increase in the activities and mRNA expression levels of SOD, CAT, GPx
and GRD was shown. Malondialdehyde levels were significantly decreased where there was a
significant increase in the Zn, Ag and TAC in the brain of ZnONP- and SNP-treated rats, when
compared with diabetic or diabetic + insulin and their control.

Conclusion: Both ZnONPs and SNPs can be used to ameliorate the oxidative stress in the

brain resulting from diabetes mellitus.

Keywords: Oxidative stress, antioxidants, diabetic brain, nanoparticles.

INTRODUCTION

Diabetes mellitus refers to a group of metabolic impair-
ments characterisation by high blood glucose levels
(1). The greatest consequence of diabetes mellitus is
the generation of reactive oxygen species (ROS) (2).
The ROS can induce B-cell failure and develop insulin
resistance (3). Diabetes mellitus can directly affect brain
cells through the generation of oxidative stress, leading
to apoptosis (4). The key mechanism is illustrated as an
increase in glucose metabolism due to hyperglycaemia
that promotes mitochondrial respiration, resulting in a
release of superoxide and other reactive oxygen or nitro-
gen species into the cytoplasm (5).

Zinc has been reported to play a direct role in glucose
homeostasis by enhancing hepatic glycogenesis through
its actions on the insulin-signalling pathway. Thus,
it improves glucose utilisation (6), inhibits intestinal

glucose absorption (7) and increases glucose uptake in
skeletal muscle and adipose tissue (6). Moreover, zinc is
reported to inhibit glucagon secretion (8), thus reducing
gluconeogenesis and glycogenolysis. It also enhances
the structural integrity of insulin (9).

Decreased zinc in the pancreas may reduce the abil-
ity of the islet B-cells to synthesise and lead insulin into
the blood (10). Furthermore, knowing zinc’s antioxidant
role (11), reduced zinc may exacerbate the oxidative
stress-mediated complications of diabetes.

In recent years, there has been a great development of
nanotechnology in the field of science and technology.
Metallic nanoparticles, such as gold, silver, zinc, and
metal oxide nanoparticles, have shown great challenges
in the field of medicine (12).

In a previous study, we proved the antidiabetic effect
of zinc oxide (ZnONPs) and silver (SNPs) nanoparticles
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as a novel agent to control diabetes mellitus in rats (13).
The aim of this study is to test the ability of ZnONPs and
SNPs to reduce the oxidative stress induced by diabetes
mellitus in the brain tissues of diabetic rats.

MATERIALS AND METHODS

Animals

Fifty male albino rats, weighing 120 + 20 g at the
beginning of the experiment, were selected. All rats
were placed into five groups. The first—the control
(N = 10)—was not subjected to any treatment. The
other groups included the remaining 40 animals which
were induced to be diabetic through the injection of a
single dose (100 mg/kg) of streptozotocin (STZ) intra-
peritoneally (Sigma-Aldrich, Catalog No S0130, Seelze,
Germany). The diabetic rats were further divided into
four groups: diabetic rats (N-10) served as a positive
control with no treatment; diabetic + ZnONPs were
administered a daily dose of ZnONPs per-Os (Sigma-
Aldrich, Catalog No.721077, Seelze, Germany) of
10 mg/kg; diabetic + SNPs group were administered a
daily dose of SNPs Per-Os (Sigma-Aldrich, Catalog No.
730793, Seelze, Germany) of 10 mg/kg; and diabetic +
insulin group were injected with a subcutaneous dose of
insulin (0.6 units/50 g) for 30 consecutive days (13).

Ethical statement

All experimental procedures were performed in agree-
ment with the Saudi Arabian laws and university
guidelines for experimental animal care and rights.

Sampling protocol

One gram of brain tissue was collected in liquid nitro-
gen, and then divided into different aliquots which were
preserved at —80°C until they were used in biochemical
and molecular biological investigations.

Biochemical assay

Brain Zn and Ag concentrations were analysed with an
inductively coupled plasma—atomic emission spectros-
copy, using an Ultima 2 apparatus (Horiba Jobin, Yvon,
France).

Brain homogenate was used for determination of
CAT, GPx and GRD activity using a kit (Cat. No. NWK-
CAT01, NWK-GPX01 and NWK-GRO1) purchased
from Northwest Life Science Specialties (NWLSSTM),
Vancouver, Canada. Superoxide dismutase (SOD) activ-
ity was determined by using Cayman SOD diagnostic
kit (Cat. No. 706002, Cayman, USA). Malondialdehyde
(MDA) was analysed by measuring the production of
thiobarbituric acid-reactive substances (TBARS) using
TBARS assay kit (Cat. No. 10009055, Cayman, USA).
Total antioxidant capacity (TAC) was determined by
using a kit supplied by Bio-diagnostic (Cat. No. TA
2512, Giza, Egypt).

Molecular analysis

Brain SOD, CAT, GPx and GRD gene expression were
quantified using real-time polymerase chain reaction
(PCR). Total RNA was isolated from tissue samples
using the RNeasy Mini Kit Qiagen (Cat. No.74104),
and 0.5 ug of total RNA was used for production of
cDNA, using Qiagen Long Range 2 Step RT-PCR Kit
(Cat. N0.205920). Approximately 5 pL of total cDNA
was mixed with 12.5 puL of 2x SYBR® Green PCR mix,
with ROX from BioRad, and 10 pmol/uL of each for-
ward and reverse primer for the measured genes. The
housekeeping gene, B-actin, was used as a constitutive
control for normalisation. Primers were designed using
Primer3 software (The Whitehead Institute, http://frodo.
wi.mit.edu/cgi-bin/primer3/primer3_www.cgi) as per
the published rat SOD, CAT, GPx, GRD and B-actin gene
sequences (Table 1) of NCBI database; all primers were

Table 1: Primers oligonucleotide sequences of SOD, CAT, GPx, GRD and B-actin genes

Gene Oligonucleotides sequences Size (bp) Gene ID

SOD F 5'-ATGGGGACAATACACAAGGC-3' 225 721917.1
R 5-TCATCTTGTTTCTCGTGGAC-3'

CAT F 5'-GTCCGATTCTCCACAGTCGC-3' 272 AH004967.1
R 5'-CGCTGAACAAGAAAGTAACCTG-3'

GPx F 5'-CACAGTCCACCGTGTATGCC-3’ 292 S50336.1
R 5'-AAGTTGGGCTCGAACCCACC-3'

GRD F 5'-CCATGTGGTTACTGCACTTCC-3' 171 NM_053906
R 5-GTTCCTTTCCTTCTCCTGAGC-3'

B-actin F 5'-TCACTATCGGCAATGTGCGG-3' 260 NM_007393

R GCTCAGGAGGAGCAATGATG-3' 5'-

SOD = superoxide dismutase, CAT = catalase, GPx = glutathione peroxidase, GRD = glutathione reductase.



74 Effect of Zinc Oxide and Silver Nanoparticles on Antioxidant System

provided by Sigma Aldrich (Sigma-Aldrich Chemie
GmbH, Steinheim, Germany). Polymerase chain reac-
tion (PCR) reactions were carried out in an AbiPrism
7300 (Applied Biosystems, Waltham, MA, USA). The
RNA concentration in each sample was determined from
the threshold cycle (Ct) values. The messenger RNA
(mRNA) expression levels were calculated relative to
B-actin gene mRNA levels using the 2-°P €T method.

Statistical analysis

The obtained data were analysed using SPSS version 20
(IBM 1 New Orchard Road Armonk, NY, USA). Data
were presented as a mean £ SD (N = 10). Student’s 7-test
was used to calculate the differences between groups at
p <0.05.

RESULTS

Assignificant increase in the activities and mRNA expres-
sion levels of SOD, CAT, GPx and GRD were shown in
rats treated with ZONPs and SNPs, as compared with
the diabetic rats (Tables 2 and 3). Malondialdehyde
levels were significantly decreased where there was a
significant increase in the Zn, Ag and TAC in the brain
of ZnONP- and SNP-treated rats when compared with

the diabetic or diabetic + insulin groups and the control
(Tables 2 and 4).

DISCUSSION

In the present study, we examined the ameliorative effect
of' both ZnONPs and SNPs on the oxidative stress gener-
ated in brain cells of the diabetic rats. Both Zn and Ag
particles were increased significantly in brain tissues of
diabetic rats subjected to treatment with ZnONPs and
SNPs. Zinc levels tended to be 32 + 3 and 21 + 5 pg/g
and 7.3 + 1.5 and 13 + 3 pg/g for silver, when compared
with their control: 22 + 4 pg/g for Zn and 8 = 1 pg/g for
silver (Table 2). Long circulation of nanoparticles leads
to an increased chance of their passage to tissues, and
hence higher cellular uptake (14). Once taken up in cells,
particles encounter an increasingly acidic environment
as they move from early to late endosomes and finally to
lysosomes, resulting in their dissolution (15). Such phe-
nomena may have contributed to the observed increases
in tissue Zn and Ag levels in our study. Administration
of ZnONPs and SNPs in diabetic rats resulted in the
prevention of the decrease in the activity and mRNA
expression levels of SOD, CAT, GRD and GPx.

Table 2: Biochemical investigations in experimental rats administered zinc oxide and silver nanoparticles

Parameters Control Diabetic  Diabetic + ZnONPs Diabetic + SNP Diabetic + insulin
Zn (ng/g) 22+4 14+£2" 32 £ 3% 21+ 5% 22.5+3*

Ag (png/g) 8+1 7+£1.3 7315 13 £3"% 75+2

SOD (umol/mg wt.w/min) 32+£2 8.2+2™ 25 + 3" 18.7+1.5™ 103£1"
CAT (umol/H,0, decomposed/ mg P/min) 900 +£20 500 + 15™* 790 + 10" 710 £20% 550 £23™
GPx (umol/mg P/min) 130+ 13 483+7.6™ 100 + 107 90 + 3" 50 + 4™
GRD (U/mg P) 65+05 28+03" 6.3 £ 0.3% 44404 3+0.5™

wt.w = wet weight tissue, SOD = superoxide dismutase, CAT = catalase, GPx = glutathione peroxidase, GRD = glutathione reductase,

SNP = silver nanoparticle, ZnONP = zinc oxide nanoparticle.

Results are tabulated as means + SD of 10 animals. Statistical analyses were performed using two-tail Student’s #-test.
'p<0.05, "p<0.01, ™p <0.001 comparing to control and *p < 0.05, #p < 0.01, **p < 0.001 comparing to the diabetic rats.

Table 3:  Messenger RNA expression profile (relative expression to B-actin) of antioxidant genes in
diabetic rats administered zinc oxide and silver nanoparticles
Genes Control Diabetic Diabetic + ZnONPs Diabetic + SNP Diabetic + insulin
SOD 1.1+£0.001 0.2+0.003" 09+0.0 1" 0.7 +0.002"* 0.7 +£0.097
CAT 1.34+0.002 0.3+0.001™ 1 +0.02"% 0.8+£0.01"% 0.6+0.01°*
GPx 0.96+0.06 0.44+0.03" 0.9 £ 0.04* 0.72 £0.0 2" 0.6 +0.05*
GRD 0.9+0.05 0.5+0.002" 1.7 + 0.3 1 +0.04% 0.7+0.03"

SOD = superoxide dismutase, CAT = catalase, GPx = glutathione peroxidase, GRD = glutathione
reductase, SNP = silver nanoparticle, ZnONP = zinc oxide nanoparticle.
Results are tabulated as mean + SD of 10 animals. Statistical analyses were performed using two-tail

Student’s ¢-test.

*p<0.05,"p<0.01," p<0.001 comparing to control and * p <0.05, # p < 0.01, ** p <0.001 comparing

to the diabetic rats.
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Table 4: Biochemical effect of zinc oxide, silver nanoparticles on malondialdehyde and total antioxidant capacity in

brain tissue of diabetic rats

Parameters Control Diabetic Diabetic + ZnONPs Diabetic + SNP Diabetic + insulin
TAC (umg™! wt.w) 6.1+£0.66 2.8+0.3" 6.6 £ 0.6 5.7+0.6% 4+£09%
MDA (nmolg™ wt.w) 095+0.1 43+0.3" 1.6 +0.3%# 1.1+0.4% 2.5+0.05%

MDA=malondialdehyde TAC= total antioxidant capacity, SNP = silver nanoparticle, ZnONP = zinc oxide nanoparticle.
Results are tabulated as mean + SD of 10 animals. Statistical analyses were performed using two-tail Student’s t-test.
p<0.05, "p<0.01, " p <0.001 comparing to control and *p < 0.05, *p < 0.01, **p < 0.001 comparing to the diabetic

rats.

We attributed the high activities and expression levels
of antioxidant enzymes in the brains of ZnONP- and
SNPs-administered rats to the effect of these nanoparti-
cles improving the insulin secretion and amelioration of
the oxidative stress induced due to impairment of glucose
homeostasis (13). These enzymes play a pivotal role in
the elimination of free radicals from the tissues (16), so
their high activities and expression levels in brain cells
protect them from the effects of oxidative stress.

Diabetes mellitus is always associated with the gen-
eration of ROS (17), and this is clear in our study proved
by a reduction in both activities and expression of the
examined antioxidant enzymes in diabetic, untreated
rats. In the same line of our study, the over production of
superoxide free radicals is eliminated by the overexpres-
sion of antioxidant enzymes (18). Malondialdehyde was
used as a potent marker for oxidative stress (19). Many
authors have cited that diabetes mellitus is usually asso-
ciated with an increase in MDA production and therefore
increased their levels in tissues and blood in diabetic
models (20). Our results showed a significant increase
in MDA levels in the brains of diabetic rats. We attrib-
ute this increase to the oxidative stress generated due to
high glucose levels as mentioned before. In ZnONPs and
SNPs, the levels of MDA were decreased in the brain
tissues. The reduction of MDA levels in the brain of
nanoparticle-administered rats may be due to the activity
of these nanoparticles to improve the insulin secretion
(13) and the increase in the SOD, CAT, GRD and GPx
activities and mRNA expression. To demonstrate the
TAC of the brain in diabetics and diabetic rats adminis-
tered ZnONPs and SNPs, the TAC was measured in the
brain of all rats. The highest capacity was observed in
diabetic rats administered ZnONPs, followed by diabet-
ic rats administered SNPs, when compared to diabetic
rats and control (Table 4). We attribute the high TAC
in nanoparticle-administered rats to the ability of these
particles to improve the antioxidant power of the cells
proved recently by Kunjiappan et al. (21).

In all examined rats, the effect of ZnNPs and SNPs
was more obvious than the insulin in diabetic rats.

There is more improvement in total antioxidant power
in the brain of diabetic rats administered nanoparticles
than in those treated with insulin. Up till now, we have
not had a clear explanation about the action of these
nanoparticles. But the speed at which these nanoparti-
cles were up taken by the cells (14, 15), and its ability
to induce endogenous insulin secretion (13), may be the
usual cause of their ability to improve the antioxidant
capacity in the brain cells.

CONCLUSION

Both ZnONPs and SNPs are potent agents for improve-
ment of the antioxidant power of brain cells. They have
the ability to protect brain cells from the oxidative stress
generated in diabetes mellitus.
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CASE REPORT

49, XXXXY: The Role of MSX1 Gene
Z Kirzioglu!, NS Calapoglu?, ZZ Ciftci®, D Ceyhan'

ABSTRACT

49, XXXXY syndrome is the most severe and rare form of Klinefelter syndrome. The number of
cases of oral and dental findings with this syndrome is very little. The aims of our case report
are to present oral and dental findings of the syndrome about which we have limited knowl-
edge, to support other case reports, and to evaluate the relationship between this syndrome in
which hypodontia is seen and the MSX1 gene that is associated with hypodontia. A clinical
and radiographic examination was performed on an 11-year-old patient who had been taken
to a practitioner at age 1 for delayed development, diagnosed with 49, XXXXY syndrome by
chromosome analysis, and exhibited characteristic features of the syndrome. Congenital miss-
ing permanent teeth, hypertaurodont primary and permanent teeth, delayed tooth development
and mandibular prognathism were observed in the examination. Whether there were any muta-
tions in the MSX1 gene was researched, and the association with this syndrome was evaluated.

Keywords: Hypodontia, Klinefelter syndrome, MSX1, taurodontism, XXXY syndrome.

INTRODUCTION

Klinefelter syndrome is defined as male hypogonadism
arising from two or more X chromosomes and one
or more Y chromosomes (1). It is the most common
chromosomal anomaly and its most severe and rarely
recorded constitution is 49, XXXXY (2). In this type of
syndrome, of which prevalence is approximately 1 in
85,000 newborn males, there are very few cases avail-
able where oral and dental findings have been reported
(3, 4).

Symptoms of the syndrome have been reported to
include mental retardation, cardiac anomalies, hypog-
onadism, small penis, abnormal scrotum, cryptorchism,
limited elbow flexion/extension, radioulnar synarthro-
sis, clinodactyly, coxa valga, genua valga, gap between
first and second toes, flat feet, age-related decline in
bone, hardened cranial sutures, defect in capitate bone,
thoracic kyphosis, and scoliosis. Craniofacial features of
the syndrome include ocular hypertelorism, upslanting
palpebral fissures, epicanthic folds, diplopia, a broad flat
nose, malformed ears, and mandibular prognathism (5).
Among the oral and dental findings reported, there are

bifid uvula or cleft palate (4, 6), congenitally missing
permanent teeth (7, 8), taurodontism (8—10), spade-
shaped cutting teeth (9), and dentine defects (6).

In recent years, the number of dental studies which
have made use of genetics have increased and both
patients and physicians have been provided with more
information regarding these diseases. However, although
numerous authors have reported distinctive features of
this syndrome, genetic studies related to the syndrome
are limited. Differences in the clinical manifestations
of the syndrome with regard to age are associated with
changes in hormonal levels. Redundancy of X chromo-
somes leads to androgen deficiency. Loss of feedback
inhibition of the pituitary gland depending on this defi-
ciency results in elevated levels of gonadotropin (11).
Taurodontism, also included among dental findings,
is associated with the redundancy of X chromosomes
(12, 13). The most studied and emphasised gene respon-
sible for missing teeth, which is also counted among the
dental findings of this syndrome, is MSXI. MSXI is a
transcription factor closely associated with the genetic
network regulating dental development. Mutations
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revealed in MSXI, which is synthesised during the
development and migration of neural crest, cause miss-
ing teeth.

Our case report is aimed to present oral and dental
findings on this syndrome, for which we have lim-
ited knowledge. Several cases of Klinefelter syndrome
accompanied by missing teeth are reported, but no rela-
tionships of those with MSX/ have been presented. The
role of the MSX1 gene, which is associated with missing
teeth in this syndrome, will be evaluated as well.

CASE REPORT

Anamnesis of an 11-year-old patient named K.K., who
was brought into our clinic due to toothache and wide-
spread dental caries, revealed that the patient had seen
a physician because of the complaint of growth retar-
dation at one year of age and had been diagnosed with
49, XXXXY syndrome via chromosomal analysis. The
parents, who stated that they are not relatives although
they lived in the same village, reported that no simi-
lar findings were observed in their other two children,
who were older than K.K., or among their relatives. The
mother stated that she received an iron-containing medi-
cine during her pregnancy, that she delivered the baby
normally by induced labour two days after her due date,
and that the baby weighed 2500 g. It was learned that the
patient, with mental retardation of 75%—-80%, started to
speak and walk at five years of age.

In the general examination, ocular hypertelorism,
upslanting palpebral fissures, epicanthal folds, diplo-
pia, a broad, flat nose (Fig. 1A), limited elbow flexion/
extension, kyphosis (Fig. 1B), a small penis, abnormal
scrotum, and palmar, and plantar hyperkeratotic areas
were recorded.

In the oral examination, prognathic mandibula, poor
oral hygiene and widespread dental caries (Fig. 2) were
detected.

In the radiographic examination, it was observed that
he lacked teeth 18, 15, 14, 12, 22, 25, 28, 38, 35, 34, 44,
45, 48, and had hyper and mesotaurodont deciduous and
permanent teeth (Fig. 3). Using the Haavikko method,
the dental age of the patient was determined to be 1.64
years less than the chronological age. The patient was
within the pp2 balance period in terms of skeletal devel-
opment, according to hand-wrist X-rays. When his
hand-wrist radiography was assessed, he was found to
be seven years of age.

After informing the patient and the parents about
the procedure of blood sample drawing, the planned

Fig. I: Patient with Klinefelter’s syndrome has ocular hypertelorism, up-
slanting palpebral fissures, epicanthal folds, a broad flat nose (A) and

kyphosis (B).

Fig. 2: Intraoral view of the patient before dental treatment (A) and the ap-

pearance of the stone model (B).

Fig. 3:

The radiographic appearance of the patient before dental treatment.

treatment to be performed, and possible problems, their
written consent was obtained.

A prevention programme was created because the
patient had to be fed frequently with a soft diet, was
incapable of maintaining oral hygiene, came from a
family with low socio-economic status, and experienced
problems with cooperation. The patient was trained
by his parents in teeth brushing and received dietary
recommendations. No complete cooperation could
be established with the patient. However, composite
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restoration of permanent, maxillary, left, central inci-
sor; compomer restoration of primary maxillary and
mandibular left canines, and metal-reinforced, glass,
ionomer-cement restoration of permanent first molars;
permanent, maxillary, left, first premolar; primary, man-
dibular first molars; primary, mandibular, right, second
molar; and primary, mandibular, left, canine were
performed. Primary maxillary second molars and pri-
mary mandibular left second molar have deep caries and
excessive loss of substance, and primary mandibular lat-
eral incisors present within the mouth were scheduled to
be extracted (Fig. 4). Following the necessary treatments
and extraction procedures, a follow-up programme was
created for the patient to receive fluorine to maintain oral
hygiene, to check tooth restorations, and to monitor the
period of growth and development.

Fig. 4:

Intraoral view of the patient after dental treatment.

Written, informed consent was obtained from the patient
to take and use the blood and DNA samples for diagnostic
purpose. Genomic DNA was extracted from whole blood
samples for molecular analyses by using DNA isolation
kit (Gentra, Qiagen, Valencia, CA, USA). Amplification
of polymerase chain reaction (PCR) was performed
using overlapping primer sequences (http://genetics.
uiowa.edu/publications/peterj/PeterMSX 190902 .html),
which were designed to include two coding exons of
the MSXI gene and exon—intron binding sites. These
sequences consisted of all coding sequences of exonl
and exon2, 468 nucleotides beginning from 5" end of the
start codon (whole 5’ UTR), and 1073 nucleotides after
the stop codon (whole 3" UTR).

The volume of 25 ul was used for PCR reaction,
and 50-ng DNA, 0.2-mM dNTP, 2.5-mM MgCl,, and
10-pmol and 1U Taq DNA polymerase enzymes for
each primer sequence were applied. Polymerase chain
reaction conditions were carried out as 40 seconds at
95°C, 35 seconds at 58°C, 40 seconds and 35 cycles at
72°C, and the final elongation stage was performed at
72°C for 5 seconds. Polymerase chain reaction products
obtained were exposed to direct DNA sequence analy-
sis by ABI 3100 DNA sequencer (Applied Biosystems,
Thermo Fisher, Foster City, CA, USA). As a result of
these analyses, it was determined that the second exon
of the patient was subjected to complete deletion. The
deletion occurred in a sequence including a total of 696
bp [del 4 864 2074 864 902] (Fig. 5). It covered a part
of the intronic region between exons, which consisted
of 221 bp and was close to the second exon; the whole
coding sequence of the second exon with 443 bp, and the
following sequence of 42 bp belonging to 3’ UTR.

Fig. 5:

DNA sequence chromatogram in forward direction showing the 696
bp deletion (de 14 864 207 — 4 864 902) of MSXI gene that encom-
passes the whole of the second exon. The arrow mark indicates the
range of deletions that occurred. While the series at the left side of
the arrow are belonging to the intronic region, and the series at the
right side are belonging to the 3' UTR region.

RESULT AND DISCUSSION

Among the oral and dental findings of the syndrome, no
bifid uvula, cleft palate, spade-shaped, cutting teeth and
dentine defects were recorded in our patient. Prognathic
mandible, missing teeth and findings of taurodont-
ism were included among the symptoms which might
be observed related to this syndrome. Depending on
the mutations of the MSX/ gene, the most frequently
recorded missing teeth are the permanent second premo-
lars and the permanent third molars (14). More rarely,
losses of permanent, maxillary, first premolars; perma-
nent, mandibular, first molars; permanent, maxillary,
lateral incisors; and permanent, mandibular, central inci-
sors might be seen. Deciduous teeth development was
normal, in general (15). Consistent with these findings,
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teeth 18, 15, 14, 12, 22, 25, 28, 38, 35, 34, 44, 45, 48
were determined to be missing in our patient. Deciduous
and permanent molar teeth of the patient exhibited
hyper- and mesotaurodontism. Deeply localised pulpal
floor in taurodontic teeth and the complex structure of
the root canal system complicate the use of canal tolls,
the determination of canal localisation and the fill-
ing of canals; thus, an indication for teeth extraction is
usually established. Missing teeth reveal aesthetic and
psychological problems by affecting teeth development
and mandibular bone and cause a negative effect on the
growth-development period of individuals.

MSX homeobox genes are expressed in epithelial or
mesenchymal cells during morphogenesis. MSX/ and
MSX2 genes in vertebrates are expressed in embryonic
tissues, such as mandibular and dental tissues, which
show epithelial and mesenchymal interaction during
morphogenesis. The MSXI gene, localised between
4 861 406—4 865 663 nucleotides on the fourth chromo-
some, codes a protein including 297 amino acids.

As a result of the mutation which occurred, 156
amino acids, coded only by the first exon, were found as
normal, but the remaining 141 amino acids could not be
coded. While amino acids of protein, included between
166 and 225, constitute a DNA binding site, this region
completely disappeared due to mutation; thus, there are
no DNA binding sites in the protein.

MSX1 protein is responsible for the repression of
gene transcription by interacting with TATA-box bind-
ing protein. A new ‘premature MSX! protein’ revealed
a structural change in the gene which is considered
to especially affect the craniofacial development and
odontogenesis.

We believe that this new protein could not perform
its function due to the complete disappearance of DNA
of the binding site, and it generates the primary reason
for missing teeth recorded in the patient. Moreover, we
think that other clinical findings observed in the patient

may also have arisen from the premature protein because
of the fact that MSX1 is a transcription factor effective in
the early development of neural crest.
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CASE REPORT

Foetus in Foetu: A Rare Prenatal Diagnosis of a Foetal Abdominal Mass
AO Ersoy', S Ozler!, G Gollu Bahadir?, E Ersoy?, Nuri Danisman'

ABSTRACT

A pregnant woman was referred to our perinatal tertiary care centre because of foetal bowel
distension. Ultrasonography revealed a well-circumscribed circular mass in the foetus’ abdo-
men. After delivery, the male neonate underwent laparotomy to excise the mass. Pathologic
examination of the mass was consistent with the diagnosis of foetus in foetu. This case of
foetus in foetu was differentiated from a teratoma based on the presence of a vertebral axis and
appropriate arrangement of other organs and limbs relative to the vertebral axis. A multidis-
ciplinary clinical approach may be more suitable for managing rare foetal disorders, such as

this one.

Keywords: Abnormal twinning, enclosed twin, foetus in foetu, intra-abdominal foetal mass.

INTRODUCTION

Most neonatal abdominal masses are caused by benign
retroperitoneal lesions such as hydronephrosis and mul-
ticystic dysplastic kidney (1). Foetus in foetu (FiF),
also known as an enclosed twin, is a rare condition. It is
described as a twin that ‘fails to thrive’ and is confined
in its sibling. It is estimated to affect 1 in 500 000 live
births (2). Isaacs reported that FiF was responsible for
25/534 (4.68%) of perinatal germ cell tumours (3). The
first case was reported by Young in 1809 (4). Foetus in
foetu is distinguished from a teratoma by the presence
of a vertebral axis and, commonly, by the appropriate
arrangement of other organs and limbs relative to the ver-
tebral axis (5). In 80% of cases, the FiF was found in the
retroperitoneum, while other, atypical sites include: the
intracranial area (6, 7), mediastinum, lung, oropharynx,
scrotum, adrenal gland, ovary, or the neck (8). Because
of its malignant potential, the FiF should be completely
excised by surgery. The prognosis after resection is usu-
ally benign (9).

CASE REPORT
A 31-year-old multiparous pregnant woman was referred
to our perinatal tertiary care centre after a routine

ultrasound scan showed that her 37-week-old foetus
had bowel distension. The woman was in a non-con-
sanguineous marriage and had no significant medical or
gestational history. There was no history of twin gesta-
tion. A detailed sonogram and a follow-up ultrasound of
the index pregnancy revealed no notable clinical signs.

A senior obstetrician examined the patient via ultra-
sound and noted that the foetal biometry was consistent
with a gestational age of 34—35 weeks, there was severe
oligohydramnios. There was a well-circumscribed cir-
cular mass measuring 44 x 38 x 40 mm with echoes
consistent with calcification. The mass was located in
the central upper abdomen, below the liver, in front of
and between two foetal renal pelvises (Fig. 1A).

The male neonate was delivered via Caesarean sec-
tion at 37 weeks and 1 day of gestation, because of foetal
distress. The birth weight was 2740 g. The Apgar scores
were 7 and 9 at 1 and 5 minutes, respectively. The mother
was discharged 2 days after delivery, with no remarkable
medical concerns at this time.

A physical examination of the neonate revealed that
the only notable sign was mild to moderate abdominal
distension. The neonate’s complete blood count and
arterial blood gas were normal. Ultrasound confirmed
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that the locations and structures of the liver, gall bladder,
spleen and suprarenal glands were normal. The mass in
the neonate’s abdomen had the same features as those
observed in the prenatal examination. Respiration and
alimentation were noted as being normal. An experi-
enced paediatric cardiologist reported that the neonate’s
cardiac system was normal. A computed tomography
scan confirmed the ultrasound and physical examination
findings (Fig. 1B).

The paediatric surgical team decided to perform
a laparotomy to excise the mass. In open view during
surgery, the mass compressed the duodenum from the

Fig. 1A. Coronal plane ultrasound view of the mass which located in the

foetal abdomen.

Computed tomographic view of the neonate shows the mass in
the central abdomen. This view also shows the kidneys, liver and
mildly dilated bowel of the neonate.

posterior side (Fig. 1C). After opening the retroperi-
toneal space, it was possible to see the haemorrhagic
structure of the mass (Fig. 1D). Excision of the mass
eliminated the compression on the duodenum (Fig. 1E).

The mass was removed intact and sent for pathologi-
cal and genetic examination. The mass weighed 220 g
and measured 40 x 30 x 25 mm. A radiograph of the

Fig. IC. An open view of the neonate’s liver, gall bladder and duodenum.
The mass compresses the duodenum from the posterior side.

Fig. ID.

Image of the mass in the retroperitoneal space showing its
congestive and haemorrhagic structure.
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mass showed a linear calcification and the presence of
a vertebral column and limbs (Fig. 1F). Pathologic and
macroscopic examination of the mass revealed its haem-
orrhagic structure, including the presence of fatty tissue,
irregularly arranged bone, cartilage, and a skin-covered
conglomeration of recognisable rudimentary foetal parts
(Fig. 1G). In addition, a rudimentary axial skeleton was
found with three rudimentary limbs; the largest limb
was 15 mm long and the smallest limb was 10 mm long.
Microscopic examination confirmed that the mass was

3

Fig. 1E. Excision of the mass eliminated the compression on the duodenum.

Fig. 1F.

X-ray image of the mass.

Fig. 1G. Internal view of the mass after removing its outer membrane.

Structures consistent with limbs, a face and a gastrointestinal tract
can be seen.

covered with skin and contained some osseous tissue
and a rudimentary gastrointestinal tract. The final patho-
logic report stated that the mass was consistent with an
acephalic acardiac foetus. Cytogenetic examination of
the mass revealed that the karyotyping was 46 XY.

The neonate has experienced no complications at the
last follow-up, 6 months after surgery.

DISCUSSION

This case of FiF was differentiated from a teratoma
by the presence of a vertebral axis and the appropriate
arrangement of other organs and limbs relative to the
vertebral axis (5). The FiF also had a similar appearance
to other cases reported in the literature.

Most authors have attributed the etiology of FiF to
anomalous cleavage of monozygotic twins, where one
foetus fails to thrive and is entrapped by the other foetus
when the anterior abdominal wall closes around the
umbilicus and linea alba (10). Therefore, the FiF must
be entrapped during the second half of the first trimester
or in the early phase of the second trimester.

Although FiF is more common in females (11), the
gender of our neonate was male. The FiF was localised
in the retroperitoneal space, the most commonly report-
ed site.

Prenatal diagnosis of this rare condition may be dif-
ficult because of other possible diagnoses, including
hydronephrosis, cystic abnormalities, solid tumours of
the kidney, intestinal malformations, teratoma, chole-
dochal cyst, neuroblastoma, adrenal haemorrhage, and
infra-diaphragmatic pulmonary sequestration (12).
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Ultrasound in the second trimester did not reveal a pos-
sible intra-abdominal mass in the present case, as in an
earlier case reported by Huddle et al. (7). Therefore, FiF
might not be visible until late pregnancy.

Most clinicians agree on the superiority of ultra-
sound imaging in everyday clinical practice, but it may
be unsatisfactory in some circumstances. In the manage-
ment of this case, it is possible that antepartum magnetic
resonance imaging could have aided the diagnosis of FiF
antenatally, or allowed us to exclude other types of intra-
abdominal foetal mass from the differential diagnosis, if
it had been performed. Nevertheless, pathologic exami-
nation is essential to reach the final diagnosis in such
cases because all screening and imaging methods have
some limitations that could hinder accurate diagnosis.

Huddle et al. highlighted the need for further genetic
investigations, such as microarray or single nucleotide
polymorphism analyses (7). It may be valuable to use
these tools beyond conventional cytogenetic analysis
because they can provide additional information regard-
ing the identity of twins. Nevertheless, we think that the
decision to use these tools must be clinically justified.

In conclusion, FiF is a rare clinical condition and is
seldom considered in the differential diagnosis of a foetal
intra-abdominal mass. If a clinician suspects a foetal
abdominal mass, he/she should contact to an expert peri-
natologists and paediatric surgeons. Wherever possible,
the foetus should be delivered in a clinic with suitable
facilities, including an expert obstetric team, paediatric
surgery, and neonatal intensive care unit. A multidisci-
plinary clinical approach may be more suitable for the
management of such rare cases.
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CASE REPORT

Laryngocele Causing Airway Obstruction: A Unique Case Report
K Topal', K Kilic!, MS Sakat?, E Altas?, H Ucuncu?

ABSTRACT

Laryngocele is an abnormal cystic dilatation of the saccule or appendix of the laryngeal ven-
tricle filled with air and connected to the lumen of the larynx. They rarely cause clinical com-
plaints. However, still being rare clinical occasions, they may cause airway obstruction which
require emergency interventions. In this report, we presented an extremely rare case of lar-
yngocele which causes airway obstruction. A 35-year-old male was admitted due to hoarse-
ness, progressive respiratory distress and swelling at the right side of the neck for three years.
Laryngoceles are rarely symptomatic but because of their potential to cause sudden airway

obstruction, they deserve serious attention.

Keywords: Airway obstruction, laryngocele, neck mass

INTRODUCTION

Laryngocele is an abnormal cystic dilatation of the sac-
cule or appendix of the laryngeal ventricle filled with
air and connected to the lumen of the larynx (1). Three
types of laryngoceles have been described as internal,
external and mixed types, in relation to the position of
the sac with respect to the thyrohyoid membrane (2).
Laryngoceles are usually asymptomatic. They rarely
cause clinical complaints. However, still being rare clin-
ical occasions, they may cause airway obstruction which
require emergency interventions (3). In this report, we
presented an extremely rare case of laryngocele which
causes airway obstruction.

CASE REPORT

A 35-year-old male was admitted due to hoarseness,
progressive respiratory distress and swelling at the
right side of the neck for three years. The patient did
not have a history of smoking, weight loss, trauma
or significant family history. Physical examination
revealed a 3 X 3 cm wide swelling at the 1/3 anterior
part of the neck (Fig. 1A). Swelling was enlarged with
Valsalva manoeuvre or coughing. The lesion was soft
and fluctuating. The endoscopic examination revealed
a swelling that started from the vallecula and extending

to the right ventricle filling the right sinus pyriformis. A
computerised tomography was performed that revealed
an air-filled sac at the right part of the neck (Fig. 1B).
The patient was operated under general anaesthesia.
The mass was dissected from the surrounding tissue
until the entrance of the laryngeal lumen and excised
(Fig. 2). Direct laryngoscopy was performed, and dis-
appearance of the mass was noticed. The patient did not
have any complaint at the follow-up period.

Fig. 1A: The appearance of the mass located at the right neck region. 1B: An
axial CT showed air-filled sac at the right part of the neck.
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Fig. 2:

Intraoperative appearance of the mass.

DISCUSSION
Laryngocele, which is in connection with laryngeal
lumen, is an abnormal dilatation of the laryngeal saccule
containing air (4). The incidence of laryngocele is esti-
mated to be 1 per 2.5 million population per year. It is
five-times more frequent in males than in females. Most
cases occur in the 5" decade (5). Three types of laryn-
goceles are identified: internal, external and the mixed
types. External laryngocele extends between the false
vocal cord and the thyroid cartilage. Internal laryngocele
is confined to the larynx and does not pierce the thyrohy-
oid membrane. A combined or mixed type includes both
internal and external components of the laryngocele (3).
Symptoms depend on the type and size of the laryn-
gocele. Most commonly laryngoceles are asymptomatic.
Clinically patients may present with dyspnoea, hoarse-
ness and cough. It is usually a lateral neck mass that
enlarges with increased intralaryngeal pressure (6).
There are three main aetiologic causes: congenital fac-
tors, mechanical obstruction and increased intralaryngeal
pressure. Hobbies involving blowing or jobs such as
trumpet playing or glass blowing can cause laryngoce-
les as blowing increases intralaryngeal pressures (7).

Particularly, an external laryngocele presents as a lat-
eral neck mass occurring during swallowing. Moreover
an internal laryngocele presents with hoarseness due to
interference with vocal cords. Also, an internal laryn-
gocele rarely can cause acute airway obstruction due to
sudden enlargement (8).

The most useful diagnostic tools are CT and mag-
netic resonance image (MRI) scans. Magnetic resonance
image shows relations between laryngocele and laryn-
geal structures and extralaryngeal soft tissues (5).

When a laryngocele becomes symptomatic com-
plete excision or marsupialisation can be performed by
an endoscopic or an external approach. The choice of
the approach is based on the type and size of the lesion.
In cases of large or external laryngocele, an external
approach is preferred, whereas an internal laryngocele
can be operated with an endoscopic technique with the
use of a CO, laser (9).

In conclusion, the laryngoceles are rarely symp-
tomatic but because of their potential to cause sudden
airway obstruction, they deserve serious attention.
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CASE REPORT

Use of a Removable Silicone Bung for Increased Seal and Retention of an
Obturator in the Prosthetic Rehabilitation of a Unilateral Maxillary Defect:

A Clinical Case Report
A Paryag, T Peters, P Seeratan, J Lowe, R Rafeek

ABSTRACT

Patients with acquired maxillary defects differ from those with congenital defects due to the
abrupt alteration in physiologic processes associated with surgical resection of the maxillae.
The post-surgical effects affect the form and function of the normal stomatognathic system. The
quality of life of the patient is therefore reduced as the end state can be particularly severe. An
obturator is a prosthesis that closes a palatal defect in both dentate and edentulous patient.
Early management with an option such as this is therefore important in retaining function
and enhancing aesthetics and thus possibly safeguarding the patient’s self-esteem. The report
outlines the fabrication of a maxillary obturation with a removable silicone bung that ena-
bles eventual replacement of the bung limiting the exposure to potentially virulent fungal and
bacterial growths that can be harmful to immune compromised patients. While not without its
disadvantages, this simple addition may make it possible for a better fit of intermediate acrylic
obturators in a cost-effective manner. It could be especially useful where the injection moulded

polymer obturator is not available or is difficult to obtain due to the prohibitive cost.

Keywords: Maxillary defect; maxillary obturator; maxillofacial prosthodontics; maxillary surgery defect rehabilita-

tion

INTRODUCTION

Maxillary defects are created by surgical treatment of
benign or malignant neoplasms, as well as congenital
malformation and trauma, and their occurrence is also
associated with the enucleation of maxillary cysts (1).
Squamous cell carcinomas account for two-thirds of
the malignant neoplasms of the upper gingiva and hard
palate. Lesions in these areas account for 1%—5% of total
occurrence in the oral cavity (1). Adjacent structures
are vulnerable to metastasis during the confirmation of
the diagnosis. With this eventuality, the recommended
treatment for these types of lesions is alveolectomy,
palatectomy, and partial or total maxillectomy. These
treatment outcomes depend on the location and aggres-
siveness of the actual lesion, its histiotype, patient’s age
and general health status (1). Patients with acquired
maxillary defects differ from those with congenital

defects due to the abrupt alteration in physiologic pro-
cesses associated with surgical resection of the maxillae
(1). The post-surgical effects affect the form and func-
tion of the normal stomatognathic system. The quality
of life of the patient is therefore reduced as the end state
can be particularly severe (2). Patients can experience
hypernasal speech, regurgitation of food or fluid into
the nasal cavity, and impairment of mastication and
deglutition. The facial contour of the patient can also be
affected, particularly when it involves one or both sides
of maxilla with or without associated paranasal sinuses
(2). Rehabilitation of these acquired maxillary defects
can be accomplished by using various types of micro-
vascularised flaps for smaller defects or by prosthetic
means for larger defects’ (2).

An obturator is a prosthesis that closes a palatal
defect in both dentate and edentulous patient (3). Early
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management with an option such as this is therefore
important in retaining function and enhancing aes-
thetics and thus possibly safeguarding the patient’s
self-esteem (4).

The choice between options is influenced by the
site, size, aetiology, severity, age and the patient’s
wishes. However, the success of the prosthodontic
option depends upon treatment planning and collabo-
ration between the surgeons and prosthodontist, with
consideration of patient expectations. ‘Prosthodontic
rehabilitation of total or partial maxillectomy in patients
includes the separation of oral and nasal cavities to allow
adequate deglutition and articulation, support for the
orbital contents to prevent enophthalmos and diplopia,
support of the soft-tissue to restore the midfacial contour
and an acceptable aesthetic result’ (5). Tt is positioned
within the closure of a congenital or acquired tissue
opening, primarily located in the hard palate and/or con-
tiguous alveolar or soft-tissue structures’ (6).

The time period that has passed from surgery decides
the classification of the obturator. A patient can therefore
receive an immediate surgical obturator (feeding plate);
temporary or interim obturator and definitive obturator
(7).

After surgical treatment, an immediate surgical obtu-
rator is placed right away. This is used to reduce any of
the complications to be had (8). Soft tissue is supported
by this obturator, and the contracture of the resulting
scar minimised. There is also a reduction of disfigure-
ment (maintains some measure of palatal contour) while
protecting the surgical packing from contamination
(9). A regular diet can then be resumed, and the wound
remains protected from trauma. Pressure is maintained
either directly or indirectly on any split thickness skin
graft (10). Furthermore, it restores speech to a reason-
able level and obviates the use of naso-gastric tubes.
“They can also be used to correct lip and cheek contour
and to reduce the flow of exudates into the mouth’ (11).

According to Keyf (3) ‘the temporary or interim
obturator is constructed from a cast poured from a post-
surgical impression. A closed but hollow bulb may
extend into the defect replicated on the palatal region
and soft tissue areas’.

‘The definitive obturator is fabricated approximately
six months after surgery from a post-surgical maxillary
cast, at a time when the surgical site has completely
healed and minimal dimensional changes are unlikely’.
As such this type of obturator has a metal framework,
which acts as the palate and supports the teeth and a
closed hollow bulb (12).

The obturator design hinges upon the specific surgical
defect, which would range from the very undemanding
to an extensive defect. Thus, a universal classification
of maxillectomy defects results in the adjustment in
objective in the design of the prosthesis. According to
one systematic review of literature describing a search
for such classifications, there is no universally accepted
classification system that serves both the surgeon and
the prosthodontist simultaneously (13). Individual cri-
teria necessary for such a classification were described
and it was found that those from the prosthodontist per-
spective considered treatment planning for the defect
long after surgery. The criteria included dental status,
oroantral or nasal communication, contiguous structures
involvement, superior—inferior extension, anterior—pos-
terior extension and medial-lateral extension.

Knowing the dental status allows for treatment
planning, tooth facilitated or implant retention of the
prosthesis, while the absence of an air space (nasal or
antral) communication removes the difficulty of the
design in providing physical separation between the oral
cavity and other spaces. The involvement of contiguous
structures presents a difficulty in planning the extent and
retention of the intra-oral prosthesis over a wider area of
skeletal and soft tissue. The superior extension allows
for determining the ideal height necessary for peripheral
seal, while anterior—posterior extension attracts issues
of re-establishing esthetics, namely, lip support, mid-
facial support, lip competency and also pharyngeal and
soft palate functioning. Finally, medial-lateral extension
dictates the amount of surface area available for support
and retention, in cases where the dental status is poor
and implants are precluded. It also indicates the amount
of tissue that the prosthesis is to cover.

Various materials have been used for the fabrica-
tion of obturators including hard acrylic resins such
as PMMA, flexible or thermoplastic acrylic resins. In
addition acrylic soft liners and silicone soft liners are
used (14, 15). As early as the 1930s, a compression
moulding technique has been used widely throughout
the world for making intraoral removable prosthesis.
There is no doubt that this technique has served patients
for many years, but it is disadvantageous with regard
to some aspects such as polymerisation shrinkage,
residual monomer, discomfort due to the hardness of
the material and the inability to atraumatically engage
undercuts. Patients have already undergone surgery,
and many experience mental and physical agony. In
addition, the residual tissue is also highly compro-
mised. The challenge for the prosthodontist is to utilise
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the remaining tissues in the best way possible by using
a material that can easily engage the retentive under-
cuts, avert the disadvantages of acrylic material and be
easily acceptable to the patient (15).

Rehabilitation of course is not without possible nega-
tive outcomes. However, these can be outweighed by the
positive aspects of providing an obturator prosthesis to
the patient. One such disadvantage is the colonisation
of the obturator prosthesis by microorganisms with the
possibility of prosthesis-related infection. At the deliv-
ery of any prosthesis management of this possibility is
of paramount importance. It becomes ever more critical
with the rehabilitation of compromised tissues. As men-
tioned previously, various materials are used to fabricate
obturator prostheses. Candida species colonisation pre-
sents a problem for soft liners and silicone (16) while
in addition to the presence of the common Streptococci,
microflora of nose and sinus such as Staphylococcus spp,
corynebacteria, Haemophilus spp. and neisseriae (17,
18) are also present in the biofilm. These can be poten-
tially virulent in the immunocompromised (16, 19).

CASE REPORT

Patient history

A 24-year-old female student of Indo-Trinidadian
descent with an unremarkable medical history presented
to the UWI School of Dentistry for prosthetic rehabili-
tation following a low left hemimaxillectomy and level
one left neck dissection in the removal of a high-grade
mucoepidermoid carcinoma (MEC) with nodal involve-
ment (2012). She is a non-drinker and non-smoker. Prior
to this, the patient underwent left maxillary resection
and cryosurgery for an ‘Ameloblastoma’ (2007) (report

was unavailable). There was suspicion of recurrence;
however, the diagnosis of MEC was confirmed upon his-
topathological review of the surgical specimen removed
at second admission. The specimen included left maxil-
lary tuberosity with upper third molar, pterygoid plates
and left sinus with polyps. The submental and left sub-
mandibular salivary glands were also removed. An
immediate surgical obturator with soft reline was fitted
after maxillectomy. Subsequently, several interim obtu-
rators were fabricated (Figs 1-3 show one such obturator
that was fabricated 2 months after the second surgery),
the most recent obturator was fabricated in 2013; how-
ever, the patient underwent radiotherapy in that same
year followed by removal of a recurrent/secondary mass
in 2014 and thus required yet another replacement.

Clinical findings

At the time of referral to the prosthodontic department,
the patient was not actively wearing an obturator. The
patient commented that intermediate obturators provid-
ed for her never completely prevented the inflow of from
the oral cavity to nasal air space and as such ‘practiced
to keep liquids down’. The past obturators were gen-
erally stable and comfortable to the patient. However,
post-radiotherapy and a third surgery, the obturator in
use became ill fitting and irritating to the inflamed and
then healing soft tissues.

The patient required only prophylaxis and minor
restorative work prior to the commencement of fabricat-
ing another obturator. Figures 4 and 5 show views of the
defect at presentation.
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Fig. 1: Interim obturator fabricated 2 months Fig. 2:
after surgery—outer surface view.

Interim obturator fabricated 2 months
after surgery—inner fit surface view.

Interim obturator fabricated 2 months
after surgery—side view.

Fig. 3:
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Fig. 4: Lateral view of defect.

DISCUSSION
Post-surgically, the patient is seen to have a resultant
Type II defect according to the classification by Okay
et al. (20) or a Vertical Type Il and Horizontal Type
IT according to Brown et al. (21). The intraoral view
shows that the defect does not involve the premaxilla.
However, the left canine was involved. It is seen not to
cross the midline and the vertical extent does not include
the orbit. Of the two classifications, the latter seems to
more precisely define this defect (Table).

An impression of the defect was made using polyvi-
nyl siloxane putty in a stock tray and a light body wash
placed into the defect and over the occlusal surfaces of

Fig. 5 : Maxillary occlusal view of defect.

all teeth present, secondary to placing ribbon gauze into
the defect. The resultant impression accurately captured
the vertical and horizontal extensions of the defect, and
all excess materials were removed on withdrawal of the
ribbon gauze.

A study cast was poured, upon which an extension
of the proposed obturator into the defect was delineated
(Fig. 6). Undercut areas were blocked out and the cast
duplicated. The initial temporary acrylic base was fabri-
cated and occlusal rims added to this.

A traditional record of the occlusion was obtained.
Initially, there was difficulty in retaining the baseplate
against the defect to complete this step. As such an

Table: A pair of classifications for maxillectomy defects that may be found to be the most mindful of prosthodontic considerations (20, 21)

Contributor Classification

Okay etal.  la—Defects of any portion of hard palate excluding tooth bearing maxillary alveolus

(20) Ib—Defects of premaxilla or any portion of alveolus or dentition posterior to canines
II—Defects include any portion of hard palate, alveolus and only one canine tooth. They also include transverse palatectomy involving less
than 50% of hard palate
III—Defects include resection of any portion of hard palate, alveolus and both canine teeth. They also include transverse palatectomy
involving greater than 50% of the hard palate
IV—Subclasses f and z denote involvement of orbital floor and any portion of zygoma, respectively

Brown et al.  Vertical

(21) I—Maxillectomy not causing an oronasal fistula

II—Maxillectomy not involving orbit

III—Maxillectomy involving orbital adnexae with orbital retention

IV—Macxillectomy with orbital enucleation or exenteration
V—Orbitomaxillary defect

VI—Nasomaxillary defect

Horizontal

I—Palatal defect only, not involving dental alveolus
II—Less than or equal to 1/2 unilateral

III—Less than or equal to 1/2 bilateral or transverse anterior
IV—Gereater than 1/2 maxillectomy
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Adams clasp was inserted in order to increase retention
while adjusting the occlusal rim.

During final processing, the undercuts within the
defect were again blocked out on the working cast and
the acrylic extended only partially into the defect.

Fig. 6: Study cast showing full extent of palatal defect.

Post-processing, the first duplicate cast was scored
within 3 mm of the borders of the defect to produce a
minimal undercut (Fig. 7). Silicone was injected into
this defect, and the processed obturator seated carefully
with pressure until the silicone was completely set.

Fig. 7:

Study cast showing defect after partially blocking out undercut in
order to fabricate the obturator.

The resultant final prosthesis therefore consisted of a
hard acrylic base that adapted closely to the dentition
and palatal tissues (Fig. 8).

The method of fabrication allows the bung to be
removed for cleaning such as with chlorhexidine glu-
conate (short period of soaking). This should limit the
growth of any potentially infectious microorganisms.

Upon writing this report, the patient had been wear-
ing the new obturator for a period of six (6) weeks.
There was a complaint of muscle stiffness while wear-
ing the prosthesis. However, she has commented on the
increased comfort of fit and adequacy of the seal pro-
duced as compared to her previous obturator, which did

not have the silicone bung (Figs 9-14 show the obturator
in situ in patient’s oral cavity with replacement of teeth
and improvement of esthetics). Minor adjustments to
the acrylic were made to remove excessive width of the
flange area as well as sharp areas on the tissue bearing
side. Additions to the tooth bearing acrylic in the region
of the canine as well as removal of the anterior (south
end) clasps were done to improve aesthetics (patient’s
wish), although at the expense of retention.

Fig. 8: Obturator showing silicone bung.

Figs. 9 and 10: Obturator in situ—palatal view.

CONCLUSION

The use of the silicone bung served to increase retention
and provide an adequate seal while maintaining com-
fort for the patient. While not without its disadvantages,
this simple addition may make it possible for better fit
of intermediate acrylic obturators in a cost-effective
manner. It could be especially useful where the injection
moulded polymer obturator is not available or is difficult
to obtain due to prohibitive cost.
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Figs. 11-14: Obturator in situ—anterior views.
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CASE REPORT

Munchausen Syndrome by Proxy Presented with Multiple Bone Fractures

MF Ustundag!, G Ozpolat!, H Ozcan!, E Ozcan!

ABSTRACT

Munchausen Syndrome by Proxy (MSBP) is about the caregiver (perpetrator) who abuses
and reveals signs of a disease of the victim because of her/his own psychological needs such
as attracting and getting attention. Munchausen Syndrome by Proxy is a complicated form of.
child abuse form, which may cause important physiological and psychological effects and has
mortality risk in the long-term period. In a study, 93% of the cases found the perpetrator to
be the mother, followed by the female babysitter and the father. Usually, the symptoms disap-
pear during the mother s or the caregivers absence. The more frequently reported findings are
bleeding, apnoea, nutritional problems, vomiting, diarrhoea, convulsion, cyanosis, asthma,
allergies, fever and pain. In studies conducted, the death rate is reported to be between 6% and
10% in the victims. Common opinion is that if no response is received from the practitioners in
the treatment or if insufficient progress is shown (e.g., in a six months period), victims should
be taken from their environment and should not be given back to their families. Here, we are
representing a female perpetrator of MSBP who gives damage to her children by traumas like
recurrent bone fractures and tissue damage, and as a result of a forensic notification, whose
children are taken away and given to foster care.

Keywords: Bone fracture, child abuse, Munchausen syndrome by proxy

INTRODUCTION

Munchausen Syndrome by Proxy (MSBP) is about the
caregiver (perpetrator) who abuses and reveals signs
of a disease of the victim because of her/his own psy-
chological needs like attracting and getting attention.
Munchausen Syndrome by Proxy may cause physi-
ological and psychological effects and has mortality
risk (1). Here, we present a case of MSBP by a mother
who injures her children by producing traumas such as
recurrent bone fractures, and result of a forensic notifi-
cation, whose children were taken away and placed in
foster care.

CASE REPORT

A 34-year-old woman with six children brought her
5-year-old son to the emergency room with a complaint
of right leg pain. She mentioned that her son fell off a
broken ladder in their house. In his physical examination,
there was sensitivity in the right leg and the complaint

of pain that occurred with moving. In conventional radi-
ography of bilateral lower extremity, a fracture in the
right tibia was detected; the right leg was encased in
plaster and the boy was discharged with follow-up rec-
ommendation. About two weeks later, she brought her
7-year-old son to the emergency room with difficulty
in walking, bruises and scars on his legs his legs. She
stated that her son fell down the stairs. As a result of the
conducted analyses, no fractures were detected, though
new bruises made the orthopaedist suspicious. He was
admitted to the orthopaedic clinic and was taken under
treatment. Three months later, the same woman brought
her 12-year-old child to the emergency room with
similar complaints. The orthopaedist, suspecting child
abuse, requested psychiatric consultation and called the
hospital police. In her psychiatric examination, she was
conscious, fully cooperated to time-place-person. Her
affect was blunted, and speech was in the form of ques-
tion and answer. No perception and/or thought content
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abnormality was seen. Her intelligence quotient score
was 83, implementing as dull intelligence level. The
impression from the clinical observation was border-
line mental capacity. In her anamnesis, she reported that
her husband was a long-distance driver, and because of
that she has been spending most of the days of the year
alone with her children. When the past hospital records
about the family were investigated, it was found that
there were many emergency appeals about her children.
On physical examination, the children had scars, and
X-rays of the legs revealed older fractures from differ-
ent time intervals. Further anamnesis revealed that she
had been causing fractures and bruises to her sons using
her husband’s truck wedge. It was also learned that she
had been informing her husband about the illnesses and
hospitalisation of the children prompting him to return
home earlier than usual and spend more time together.
This situation was reported to the forensic units; and the
children were taken away from their parents and placed
in a state institution where they will be taken care of.

DISCUSSION

Munchausen Syndrome by Proxy, according to the types
of other child abuse, is quite common and incidence
studies in children under the age of 16 years reported a
rate of 0.4/100 000, whereas under the age of one year,
the rate was 2-2.8/100 000 found. However, the actual
incidence is higher than this estimated amount (2-5).
One study showed that in 93% of cases the perpetrator
was found to be the mother, similar with our case, and
according to the order of frequency, the other imple-
menters were babysitter and the father (5). In the MSBP,
the symptoms, physical findings and laboratory results
can be extraordinary, and usually inconsistent with the
patient’s situation and history. The relationship between
the disease’s clinical findings and prognosis cannot be
established.

Patients usually do not respond to the treatment, or
even if they do at the beginning, symptoms recrudes-
cence afterwards (6). Usually, the symptoms disappear
during the caregiver’s absence (7). Due to the continu-
ous applications to emergency service, diagnosis may go
unnoticed. Most of the time, the doctors involuntarily
get involved to this period with performing unnecessary
diagnostic and interventional procedures or prescribing
drugs that have a high potential for side effects. Victims’
75% of morbidity was found to be as a result of initia-
tives that are performed by the doctors in the hospital (3).
MSPB is a form of child abuse, which has quite a high
risk of morbidity and mortality. In studies conducted,

the death rate is reported to be between 6% and 10% in
the victims. In addition to this, if the victim is poisoned
or suffocated, the death rate increases up to 33% (3, 5).
In this syndrome, it is hard to understand the underly-
ing psychopathology of the practitioner. It should not be
forgotten that there is no diagnostic test or psychologi-
cal profile that excludes or supports the diagnosis of the
MSBP. In the MSBP, narcissistic fragility and borderline
personality traits are frequent; also passive-dependent,
hysterical personality traits, different sadomasochistic
behaviours, mild or borderline mental retardation, com-
pliance issues and depression have been found (8). In
our case, the patient was thought to have a borderline
mental capacity. This situation may have influenced
the mother’s executive functions negatively, so that she
could not find an alternative solution to absence of her
husband in order to spend more time with him.

It is known that MSBP has a high relapse risk (9). In
our case, a rare type of MSBP is studied that occurred
with repetitive bone fractures in multiple family mem-
bers. It has been noticed that the mother was trying
to draw attention by creating these bone fractures and
intended to spend more time with her husband. Another
MSBP case diagnosed on suspicion after 11 months of
having repetitive humerus, femur and tibia fractures and
skin lesions in a 3-year-old victim. The mother creat-
ed disease symptoms on the child in order to maintain
her own psychological needs and tried to organise her
husband and spend more time with him (10). There are
limited number of studies about long-term follow-ups of
the victims who were exposed to this childhood abuse.
In these studies, it is reported that starting from childhood
and continuing in adulthood, the victims may develop
problems like insecurity, being opposed and opposi-
tional defiant disorder, post-traumatic disorder, attention
disorders, attachment and social relationship problems,
avoiding medical treatment and low self-esteem. What
is more, it is found that some of the victims developed
‘Munchausen Syndrome’ in their adolescence and young
adulthood (1, 11). In our case, information on the pro-
gress of the victims could not be obtained because they
were placed in foster care. Making a diagnosis is usually
hard; if any case is considered to be MSBP, it should
be approached in a suspicious manner to each case. It
is important to remember that the first condition of the
diagnosis is to be suspicious; if there are any diagno-
sis of suspected MSBP cases, a retrospective review of
them and their siblings should be performed.

As we did in our case, investigating the hospital
records of the patient’s siblings is important for the
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diagnosis. A collaborative work of a multidisciplinary
team provides guidance for the diagnosis of MSBP.
Priority should be given to the victim’s safety while col-
lecting the necessary evidence for the diagnosis, and
child’s life should not be at more risk. Common opinion
is that if no response is received from the practitioners in
the treatment or if insufficient progress is shown (eg, in
6 months period), the victims should be taken from their
environment and should not be given back to their fami-
lies. Due to the high risk of recurrence in the children
who are given back to their families, close monitoring
and follow-ups are recommended (3, 9). The children in
our case were taken from their families and have been
taken under the state protection. We cannot give further
information about the current status because we could
not follow the family further.
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CASE REPORT

Encrusted Suprapubic Catheter in Urethral Injury with Pulmonary Embolism:

What To Do?
AH Hamzah!, AS Adnan??, TH Mallhi*, M Nor Gohar Rahman®, YH Khan®’, AH Khan®

ABSTRACT

Suprapubic catheters (SPCs) have advantages over urethral catheters with respect to
decreased bacteriuria and greater patient acceptability. Catheter encrustation is one of the
most common intricacies of SPC and is treated with extracorporeal shock wave lithotripsy
and endoscopy lithotripsy. We reported a case of blocked, encrusted SPC, along with urethral
injury, that was further complicated by pulmonary embolism. All conventional techniques to
treat encrustation were not suitable due to worsening of urethral injury and risk of bleeding
as the patient was taking anti-coagulants. Therefore, we adopted a safe and quick procedure
by which a 5 mm 0° cystoscope was inserted and the encrusted part of the catheter was
fragmented, using artery forceps, leading to removal of the catheter without jeopardy to the

catheter track and patient s safety.

Keywords: Catheter, pulmonary embolism, suprapubic catheter, urethral injury, urology.

INTRODUCTION

Urinary bladder catheters are used for urinary drainage or
as a means to collect urine for measurement. Suprapubic
catheters (SPC) are the most invasive catheter and
require a surgical procedure for placement and inser-
tion through the abdominal wall into the bladder, either
intraoperatively in association with another surgical pro-
cedure or percutaneously (1). Suprapubic catheterisation
has advantages over urethral catheterisation with respect
to decreased bacteriuria and greater patient acceptability
(2). Avoidance of urethral strictures, decreased level of
nursing care, preserved sexual function, prevention of
penile pressure necrosis, early post-surgical ambulation,
lower infection rates, ease of bladder training, shorter
hospitalisation stays and decreased postoperative infec-
tions are some other additional benefits of SPC (3).
However, SPC is also accompanied by several minor and

rare, major complications like bladder perforation, cath-
eter migration, bleeding and blockage. Encrustation is
one of the most common causes of catheter blockage that
is usually treated with extracorporeal shock wave litho-
tripsy (ESWL) and endoscopy lithotripsy (EL). Here, we
reported a case of SPC encrustation with urethral injury,
complicated with pulmonary embolism, for which the
patient was taking anticoagulants. We described a new
technique for the removal of SPC as the patient was not
suitable for conventional methods of SPC removal due
to anticoagulant therapy and underlying urethral injury.

CASE REPORT

A 45-year-old Malay male met with a motor vehicle
accident and had sustained open book pelvic fracture.
Micturating cystouretrogram showed bulbous ure-
thral injury (Fig. 1) for which SPC was placed (Fig. 2).
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The patient also had T10-L1 fracture with neurologi-
cal deficit up to L1 level. The patient underwent open
reduction and internal plate fixation for pelvic fracture,
and delayed repair was planned for urethral injury.
Unfortunately, the patient developed deep vein throm-
bosis (DVT) after surgery, due to immobility, for which
low-molecular-weight heparin was initiated. Later, the
patient developed massive pulmonary embolism as
a result of DVT, and warfarin was started to maintain
international normalised ratio values within the range of
2-3. The patient was then discharged from hospital with
SPC and was directed to change the catheter after every
2 weeks.

Fig. I: Micturating cystouretrogram (MCUG) indicating bulbous urethral

injury (*).

Fig. 2: Placement of a suprapubic catheter due to delay repair for ureteral
injury.

One month later, the patient was referred to urology
outpatient clinic due to failure of catheter removal. An
X-ray demonstrated catheter encrustation (Fig. 3), while

computed tomography scan of the pelvic region showed
the presence of calcification ring on the catheter, sug-
gesting encrustation.

All the conventional methods to treat encrustation
were associated with high morbidity in this case, due to
the use of anticoagulant therapy for pulmonary embo-
lism. Repeated insertion of a lithotripter through the
urethra was not suitable in our patient because of under-
lying urethral injury. So, we adopted a quick and safe
technique of removing encrusted SPC in this high-risk
patient. We admitted the patient and planned the proce-
dure on the fifth day of admission. Warfarin was stopped
and heparin was infused 3 days prior to the procedure
with monitoring of activated partial thromboplastin time
until its values were two times higher than normal. On
procedure day, suprapubic tract was dilated by using
artery forceps under spinal anaesthesia. Under the direct
vision, a 5 mm 0° cystoscope was inserted and encrusted
part of the catheter was fragmented using artery forceps,
leading to removal of the catheter (Fig. 4). The cathe-
ter track was thoroughly washed and a new SPC was
placed. Oral warfarin was started immediately, and the
patient was discharged on the second day of procedure
without any complication or bleeding episode.

Fig. 3: MX-ray showing calcified ring suggesting encrusted catheter (+).

Fig. 4: Removed suprapubic catheter with calcified tip.
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DISCUSSION

Urethral injury can be realigned by rigid cystoscopy in
the early phase of injury or by delayed urethral repair
after 6 weeks of injury, but in later case, placement of
SPC is needed to bypass the urethral (4). In our case,
delayed repair was planned because the patient had
open book pelvic fracture with neurological deficit
where prognosis is guarded. A long-term catheterisa-
tion was also planned, due to high risk of neurogenic
bladder. Catheter entrapment is a potential complica-
tion and occurs due to balloon malfunction, faulty valve
mechanism, malfunction of the inflation channel or crys-
tallisation of fluid within the balloon (5).

Besides the advantages of SPC over urethral cath-
eterisation, it also carries several complications like
infection, bladder spasm, balloon malfunction and intra-
luminal or extraluminal catheter encrustation (2). The
encrustation mechanism can be explained by the reason
that the insertion of a catheter in body causes immune
response, leading to formation of bacterial biofilm on the
catheter. This biofilm secretes an extracellular matrix of
bacterial glycocalyces and host proteins. Urinary crys-
tals, such as struvite and calcium phosphate, are also
incorporated into biofilm (6). Alkalisation of urine by
urease enzyme, released by Proteus mirabilis, promotes
crystallisation of struvite and calcium phosphate (7).

Under normal circumstances, encrustation of a
catheter can be treated either with ESWL or EL.
Canby-Hagino et al. described the use of intralumi-
nal pneumatic lithotripsy for removal of intraluminal
encrustation of the catheter; a pneumatic lithotripsy
probe is inserted into the lumen of the catheter and
advanced in a jackhammer-like fashion. This technique
results in disruption of intraluminal encrustations and
straightening of the tubes so that they can be removed
in an atraumatic manner (8). Kunzman et al. reported
that use of ESWL delivered at 8 kV level causes frag-
mentation of encrusted balloon (9). Christopher Ho
reported a case in which an encrusted urethral catheter
was fragmented by using a lithotriptor under direct
vision through suprapubic catheter tract (10).

We faced management dilemma in the current case.
The placement of the urethral catheter was contraindi-
cated due to blocked, encrusted SPC and underlying
urethral injury. The treatment of encrustation with
ESWL was not suitable because of warfarin use and
possible risk of bleeding during the procedure. The use
of the lithotripter requires repeated insertion through
urethral that can worsen the urethral injury. Therefore,
we adopted a safe and quick procedure to remove

encrusted SPC that did not jeopardise the catheter track
and patient’s safety.

CONCLUSION

Encrusted catheter is a common intricacy in urology
practice that can be treated in several ways. To the best
of our knowledge, we reported the first case of treatment
of encrustation with artery forceps by using 5 mm 0°
cystoscope in high-risk patient with pulmonary embo-
lism and urethral injury, where conventional methods of
treatment are contraindicated.

LEARNING POINTS
The current report is a rare case of SPC encrustation
complicated by urethral injury and pulmonary embolism.

ESWL and EL are conventional and gold standards to
manage such patients in routine practice

Conventional treatments for encrustation were not
suitable in our patient because of urethral injury and
anticoagulants use.

We developed a safe and quick technique to break
encrusted SPC without harming catheter track.

A new technique used to treat such high-risk patients
will aid clinicians to manage such patients in a safe
manner.
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CASE REPORT

A Painful S-100 (-)/CD68 (+) Myxoid-hypocellular Neurothekeoma:

A Case Review through an Unusual Nerve Sheath Tumour
B Tas!, S Altinay?, HN Azakli!

ABSTRACT

Neurothekeomas are very rare, benign, soft-tissue tumours that originate from the sheath of
the peripheral nerves. They are commonly located on the upper extremities or the head and
the neck. Pain is an unusual, clinical symptom. We report a case of a 69-year-old woman, who
presented to us with a painful nodule on the upper inner surface of the left leg. With the histo-
pathological, histochemical and immunostaining features, the lesion was diagnosed as S-100
(—)/CD68 (+) myxoid hypocellular neurothekeoma. The case was presented due to the unusual

clinicopathological features.

Keywords: Leg, myxoma, nerve sheath tumours, neurothekeoma, painful.

INTRODUCTION

Neurothekeoma is an uncommon, benign, soft-tissue
tumour that originates from the sheath of the periph-
eral nerves with fairly distinctive histological features
(1). It is commonly located on the head, neck and upper
extremities of young females in the second or third dec-
ades of life (2, 3). The tumours are mainly classified
into three groups according to cellularity of the tumour,
growth pattern, and amount of stromal mucin as myxoid,
cellular, and mixed type (2, 4). Immunohistochemical
staining features can help to distinguish the histological
variants of the tumour, and also differentiate it from other
nervous tissue tumours and melanocytic tumours (1-3).
Due to the rarity of neurothekeomas, lack of specific
clinical and histological features, and non-standardised
immunohistochemical markers for identification, there
is no consensus about certain diagnostic criteria, and
they are increasingly subjected to conceptual changes in
classification (1, 2, 4).

CASE REPORT

A 69-year-old woman was admitted to our dermatol-
ogy clinic with a tender protrusion located on her left
leg which was present for 6 years without any history
of trauma and precursor lesion. There was no addition-
al complaint or other significant medical or family

history. The dermatological examination showed a pink-
ish-purple, semi-translucent, moderately hard, elastic in
consistency, 4.5 x 2.5 cm in size, solid and fusiform soft-
tissue tumour on the upper inner surface of the left leg
(Fig. 1A, 1B). The patient stated that she did not sleep
and walk easily due to the pricking pain, especially with
lateral pressure on the lesion.

R e "'ﬁ
] i, P G e d 4
Fig. 1: Clinical views of the lesion: (A) distant, (B) closer.

Routine laboratory examinations of the patient includ-
ing a red blood cell count, haemoglobin, haematocrit,
erythrocyte sedimentation rate, serum biochemistry and
urinalysis were within normal limits. Physical exami-
nation did not reveal signs of regional or systemic
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lymphadenopathy or hepatosplenomegaly. Neurological
examination was normal. Requested soft-tissue
ultrasonography showed a well-vascularised, semi-
hypoechoic, well-circumscribed dermal tumoural mass.
Subsequently, the lesion was totally excised and the
defect was closed primarily. Histopathological exami-
nation revealed an encapsulated, concentric, dermal
tumour composed of a single large nodule with scattered
stellate and spindle-shaped cells on a background of
myxoid-rich eosinophilic stroma, and prominent angio-
plasia of the dermal vessels.

Cellularity of the tumour was considered to be very
low (Fig. 2A-2C). It was filling the dermis and extended
to subcutaneous fatty tissue but did not invade it. No vas-
cular or perineural invasion, high mitosis or cytological
pleomorphism were found. Histochemical staining dem-
onstrated that the tumour cells were strongly positive for
alcian blue (> 90%) (Fig. 2D). Immunohistochemical
analyses of the cells were negative for S-100 (Fig. 2E,
2F) and glial fibrillary acidic protein (GFAP) (Fig. 2G),
and were positive for CD68 (Fig. 2H) and vimentin
(Fig. 2I). Additionally, there was focal and non-specific
positivity for CD57 (Fig. 2J). Based on the histopatho-
logical and immunohistochemical findings, the lesion
was diagnosed as S-100 (—)/CD68 (+) myxoid-hypocel-
lular neurothekeoma. The patient was followed up for 15
months without evidence of recurrence.

DISCUSSION

Neurothekeoma was first described by Hakin and Reed
in 1969, as nerve sheath myxoma, but the name ‘neu-
rothekeoma’ was given by Gallager and Helwing in
1980 (5). The origin of these tumours has not been eluci-
dated and their aetiology has been debated (2). However,

O, 2 B~ N ey S 8
Histopathological views of the lesion: (A) HE x40, (B, C) HE %100, (D) alcian
x40, (H) CD68 %100, (I) Vimentin x40, (J) CD57 x40.

they were considered to be derived from nerve cells or
Schwann cells (1). The tumour is commonly presents as
small, solitary, erythematous nodules on the face and the
upper limb.

Other locations such as the oral cavity, cauda equina,
lower limb, shoulder, and neck have been reported in
literature (3). It can originate in mucosa or submucosa
(6). The tumours are difficult to diagnose prior to per-
forming a biopsy due to the lack of specific clinical
manifestations or imaging characteristics (2). However,
they are usually slow-growing, non-tender lesions,
which are either dermal or subdermal (3, 4). Myxoid
type is primarily found in adults, with a predilection for
the head and neck region in women. The cellular vari-
ant was first described in 1986 by Rosati et al. stating
that they were frequently observed in the face of young
persons (1).

In our case, the lesion was painful and located on an
unusual anatomic location of the upper leg and these
unusual clinical features were not consistent with the
common literature. Neurotehekeomas show three his-
tological variants: myxoid (classical or hypocellular),
cellular, and mixed (4), primarily on the basis of the
amount of myxoid matrix (1, 4), cellularity, growth
pattern (4), and S-100 positivity (7). Fetsch et al. classi-
fied as follows: tumours with > 50% myxoid matrix as
myxoid type, tumours with > 10% but < 50% myxoid
matrix as mixed-type, and those with < 10% myxoid
matrix as cellular type (1). The histopathological find-
ings of myxoid neurothekeomas are lobular to plexiform
dermal tumour masses composed of spindle-to stellate-
shaped cells, with a striking myxoid stroma. The cellular
variants have an ill-defined fascicular growth pattern
consisting of plump epithelioid spindle cells (8), and the
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mucinous matrix is sparse or absent (1). They can show
variable cytological atypia and mitotic activity (2, 7).
The mixed type shares features of both (4).

Additionally, atypical cellular subtype of cellular
neurothekeoma is characterised by some features such
as large size of up to 6 cm, penetration into subcutaneous
fat and/or muscle, diffusely infiltrating borders, vascu-
lar invasion, a high mitotic rate, and marked cytological
pleomorphism (8). Our lesion did not show prominent
cellularity, which was then considered as hypocellular
(myxoid) type. It stained positively > 90% for alcian
blue, which is a characteristic of the myxoid type.
Additionally, the tumour was composed of a big, single
nodule with delicate, concentric layers, and therefore it
matched the lobular growth pattern that is attributed to
the myxoid (hypocellular) type.

For these reasons, we first thought that our lesion
could be a classical myxoid hypocellular neurotheke-
oma. On the other hand, it has been stated that the
subtypes of neurothekeoma could be distinguished with
some immunohistochemical markers such as S-100
protein, GFAP, nerve growth factor receptor (NGFR),
CD57, NKI/C3, Ki-Mlp, and CD68 (1). Myxoid types
are typically positive for markers of nerve-origin cells,
such as S-100 protein, GFAP, and NGFR, but not for
macrophage markers including Ki-Mlp and CDG6S.
Therefore, myxoid subtypes are considered to be
derived from nerve cells or Schwann cells (1). However,
our lesion was negatively stained for S-100 and GFAP,
but positive for CD68 which did not comply with the
literature regarding the myxoid type. On the other
hand, cellular type is usually negative for S-100, GFAP,
NGFR, and CD57, but positive for NKI/C3, Ki-M1p
and CD68. For this reason, it has been postulated that
the cellular variant shows a fibrohistiocytic differentia-
tion. Although S-100 negativity is known to be useful
in differentiating the myxoid variants from the cellular
ones, first Strumia et al. reported S-100 (—) myxoid neu-
rothekeoma in 2001 (1,9).

Some authors suggested that myxoid neurothekeoma
can lose the strong S-100B expression when cells are
less differentiated (4). Only four S-100 (=) myxoid neu-
rothekeomas have been reported in literature. However,
in only one case, the fibrohistiocytic staining, such as
CD68, was performed. In addition, the staining for
vimentin is usually positive in both types (1) as seen in
our case. However, it has been stated that fibrohistiocytic
markers, such as vimentin, EMA, factor XIlla or SMA,
and neuroectodermal antigens, including neuron-specif-
ic enolase, NKI/C3, PGP 9.5, have restricted diagnostic

value in determining the histological types. On the other
hand, mixed types can have both types of features, but
the immunostainings often exhibit non-regular features
with an irregular or absent reactivity to S-100 protein
and smooth muscle actin. Moreover, in 2002 Rudolph
and Schubert first reported a ‘myxoid cellular neu-
rothekeoma’ which has the typical histological features
of the myxoid type, but was negative for S-100 protein
or NGFR, and positive for NKI/C3 and Ki-Ml1p (1).
In our case, although the lesion had high degree stain-
ing with alcian blue, low cellularity and lobular growth
pattern which are specific for myxoid types, because of
the negative staining for S 100 and GFAP and the posi-
tive staining for CD68 and vimentin, it was diagnosed
as lobular, S-100 (—)/CD68 (+) myxoid-hypocellular
neurothekeoma.

The cases of Rudolph and Schubert and Yun et al.
(1) were similar to our lesion. However, although their
lesions did not exhibit prominent cellularity, they named
their lesions as ‘myxoid cellular’ according to only
immunohistochemical staining features. However, we
think that the term ‘cellular’ must only describe a his-
tological feature rather than an immunohistochemical
staining characteristic, and describing these complicated
lesions according to only one diagnostic criterion can
lead to diagnostic shortcomings. Therefore, we suggest
that in the naming and classification of these tumours,
the mucin content, growth pattern, cellularity and immu-
nohistochemical staining features must be defined and
evaluated separately to avoid diagnostic confusion.

In the main, differential diagnoses of neurothekeomas,
fibroma, dermatofibroma, leiomyoma, neurilemmoma,
neurofibroma (7), melanocytic tumours (5), skin cysts,
or adnexal neoplasms (1) should be considered. The neu-
rothekeomas are usually slow-growing, benign tumours,
and if totally excised, do not recur. No metastasis has
been reported (2, 4, 5). We think that elaborated clinical,
histological, immunohistochemical and also electron-
microscopic descriptions with the finest details of new
cases will help us to better understand, and accurately
diagnose these unusual and very rare tumours more
easily. Therefore, reporting each different finding about
new cases in the future is very important to avoid mis-
diagnosis, to make differential diagnosis easier, and to
provide a diagnostic consensus. Our case was presented
in order to emphasise the rarity, diagnostic difficulties
and correct naming of neurothekeomas.
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CASE REPORT

Tigecycline-induced Hypofibrinogenaemia in a Patient with End-stage Renal Disease
S Wang, Z Li, LLi, F Liu

ABSTRACT

Tigecycline is a broad-spectrum antibiotic agent used to treat severe or multidrug-resistant
(MDR) bacterial infections. Bacterial infection is a common and severe complication or
comorbidity associated with end-stage renal disease (ESRD). However, few cases have been
reported regarding the adverse drug reactions of tigecycline in patients with ESRD. Here, we
detail the case of a 19-year-old female with ESRD, who received tigecycline to treat her sepsis
due to an MDR Staphylococcus aureus. Following 7 days of tigecycline, the patient developed
coagulopathy with hypofibrinogenaemia, although there was no subsequent haemorrhage. The
hypofibrinogenaemia resolved within 14 days after the discontinuation of tigecycline. There-
fore, we recommend that clinicians strictly monitor the coagulation parameters in patients with

ESRD during tigecycline treatment.

Keywords: End-stage renal disease, hypofibrinogenaemia, tigecyceline.

INTRODUCTION

Tigecycline presents excellent reactions against a
broad spectrum of bacteria including multidrug-resist-
ant Gram-negative bacteria (1). Bacterial infection is
a common and severe complication of end-stage renal
disease (ESRD), for which the choice of antibiotics is
difficult due to drug metabolism and renal insufficien-
cy. Tigecycline represents an effective alternative, but
concerns remain regarding the safety of tigecycline in
patients with ESRD. Here, we report a case of an ESRD
patient infected by Staphylococcus aureus who experi-
enced hypofibrinogenaemia with the use of tigecycline.

CASE REPORT

A 19-year-old Tibetan girl presented with recurrent
facial oedema and fatigue. She was diagnosed with
chronic renal disease in Tibetan clinics and treated with
traditional Tibetan medicine for 1 year. Two months
before her admission, her oedema exacerbated, with
cough, expectoration, dyspnoea, coma, recurrent high
fever, dyskinesia in the right upper limb and epilepsy.
The laboratory tests indicated that she was suffering
from hypertension, severe anaemia, significant increase
of serum creatinine (685 umol/L) and white blood cell
(WBC) count (19.3 x 10°/L), pulmonary infections, a left

cerebral infarction and encephalatrophy. She had been
administered antibiotics (amoxicillin-sulbactam, imipe-
nem and moxifloxacin), regular haemodialysis, invasive
mechanical ventilation and other supportive treatments,
but her symptoms did not disappear.

On her admission, the patient was conscious and her
vital signs were acceptable. The laboratory tests revealed
the following: WBC 15.48 x 10°/L, haemoglobin 84 g/L,
serum creatinine 286.0 umol/L and albumin 25.3 g/L.
Her sputum culture showed Gram-positive streptococ-
cus. Blood from her peripheral vein and venous catheter
in addition to urine were collected and sent for Gram
stain microbiological culture.

This patient urgently needed a powerful antibiotic
agent and broad-spectrum antibiotic coverage. Because
the patient had prior exposure to many antibiotics,
tigecycline was selected as the antibiotic medicine.
Tigecycline monotherapy (50 mg ql12 h iv) was initi-
ated, and its efficacy was later confirmed by the isolation
of tigecycline-sensitive Staphylococcus aureus from her
blood culture and a sensitive Escherichia coli from her
urine culture. New catheters were inserted, and regular
haemodialysis and other supportive treatments were
administered.
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After the start of tigecycline therapy, symptoms of
fever, cough and expectoration gradually disappeared,
and no spasm occurred. The patient’s WBC count
(Fig. 1) and other inflammatory parameters (eg, PCT
and CRP) were strictly monitored and improved dra-
matically. However, we observed hypofibrinogenaemia
(1.73 g/L), and worsening of prothrombin time (PT) and
activated partial thromboplastin time (APTT) on day
7 of the tigecycline treatment (Fig. 2). As no signs of
haemorrhage or disseminated intravascular coagulation
(DIC) were observed, we did not change the treatment
strategy. On day 11, her fibrinogen decreased sharply
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Trend in WBC level. A gradual decrease in WBC counts with tigecy-

cline administration (black bar) and other antibiotics following with-
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to an intolerable 0.86 g/L, with a slight declination in
PT and fluctuation of APTT (Fig. 2B). At this point,
tigecycline was discontinued, as it was suspected to be
responsible for this coagulation disorder. Moxifloxacin
and vancomycin were selected as antibiotics after tige-
cycline withdrawal according to the drug sensitivity
tests. Meanwhile, we administered fresh-frozen plasma
transfusions to protect the patient from bleeding.

From that day onward, her fibrinogen climbed slowly
and steadily to reach the lower limit of normal, and PT
and APTT stayed within the normal range. Fourteen days
after the discontinuation of tigecycline, her fibrinogen
improved and remained within the normal level without
the administration of fresh-frozen plasma transfusions
(Fig. 2A). Repeated blood, urine and sputum cultures
found no evidence of bacterial growth. The patient
recovered and remained stable without any recurrence
of fever, cough, epilepsy or coagulation disorder. The
patient is now waiting for a kidney transplant.

DISCUSSION

Tigecycline is a relatively novel antibiotic agent with
powerful antibiotic reactions against a wide spectrum
of bacterial organisms. Tigecycline is mainly metabo-
lised by the liver, and it requires no dosage adjustment
in patients with renal impairment (2), making it a
good alternative for infections in patients with chronic
renal disease or ESRD. In our case, an ESRD patient
presented with sepsis, severe and complicated bacte-
rial infection, and high risk of persisting infections, as
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Trends in fibrinogen level and PT/APTT with (black bar) or without (white bar) use of tigecycline. (A) A remarkable decrease in fibrinogen on day 7-11

of tigecycline administration, resolved gradually by its withdrawal. (B) Fluctuation of PT and APTT with the use of tigecycline and improved by its
withdrawal. PT = prothrombin time; APTT = activated partial thromboplastin time.
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well as resistance to numerous antibiotics. Tigecycline
resolved her symptoms and improved her parameters
of infections. Hypofibrinogenaemia occurred after 7
days of tigecycline treatment and was relieved after
tigecycline was discontinued, with no changes in other
therapies. Sepsis or severe infection was the most likely
cause of her hypofibrinogenaemia; however, systemic
inflammation and the general condition of the patient
were improving at onset. Other causes of hypofibrino-
genaemia included congenital hypofibrinogenaemia,
DIC, leukaemia, malignant tumour, severe liver dis-
eases and hemophagocytic syndrome; nevertheless, the
patient displayed no evidence of these diseases. Thus,
we hypothesised that hypofibrinogenaemia was a side
effect of tigecycline.

It is suggested that tigecycline causes nausea,
vomiting, pancreatitis, hepatic injury or failure and hypo-
glycaemia with a relatively high frequency (3). However,
few cases of hypofibrinogenaemia have been reported
as an adverse drug reaction to tigecycline. Rossitto pre-
sented a case of tigecycline-induced coagulopathy and
hypofibrinogenaemia in a patient with advanced liver
cirrhosis (4). Pieringer reported a case in which the use
of tigecycline was associated with hypofibrinogenaemia
in an ESRD patient undergoing continuous ambulatory
peritoneal dialysis (5). In addition to this case, this study
further indicates that tigecycline is a probable cause of
hypofibrinogenaemia in patients with ESRD.

Hypofibrinogenaemia is rarely found in ESRD
patients. In contrast, these patients have increased
levels of fibrinogen, which directly contributes to a
hypercoagulable state (6, 7), thus increasing the risk
of venous thromboembolism (8, 9). However, coagu-
lation disorders, which increase the risk of bleeding,
are the common complications in ESRD patients; the
most prominent abnormality is the prolongation of skin
bleeding time (10), while APTT or PT is usually in the
normal range. In this study, the fibrinogen level in the
patient was initially normal, but it dropped with the use
of tigecycline and recovered after the discontinuation of
this drug. Therefore, we believe that tigecycline caused
hypofibrinogenaemia in this ESRD patient.

Due to the increasing use of tigecycline for treating
complicated infections, more attention should be paid to
the adverse drug reactions associated with this drug. In
conclusion, we strongly recommend the strict monitor-
ing of fibrinogen and other coagulation parameters in
patients who are receiving tigecycline as an antibiotic
agent.
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LETTER

A Case of Glomangiopericytoma of the Nasal Septum
FM Hanege!, A Livaoglu?

The Editor,

Sir,

A 78-year-old female patient presented to our clinic
with congestion in the right nasal cavity and recurrent
epistaxis for a month period. The medical history was
not significant except hypertension, hyperlipidemia and
rheumatoid arthritis. On physical examination, there
was a 15 mm diameter, painless and bleeding tumour at
the right side of the nasal cavity (Fig. 1A).

o B 4
Fig. 1 (A) Right nasal endoscopy showing a haemorrhagic mass. (B) The

15 months of patient follow-up, no signs of recurrence were observed.
Endoscopic examination revealed a haemorrhagic mass
in the right nasal septum. At labarotory evaluation there
were no abnormal results. The haemorrhagic mass of the
septum was widely excised endoscopically including the
septum mucosa and the perichondrium. In immunohis-
tochemical assessment, Vimentin was (+), SMA (+) and
CD31 (+); CD34 focal positive; Desmin (—), S-100 (-),
HMB-45 (—) and CK (—) and Ki-67 index was under 1%
(Fig. 2A-E).

The tumour was histopathologically diagnosed
as glomangiopericytoma. During the 15 months of
patient follow-up, no signs of recurrence were observed
(Fig. 1B).

Glomangiopericytoma, which is a type of sinonasal
hemangiopericytoma, arises from the pericytes sur-
rounding capillaries. Glomangiopericytoma is a very
rare type of nasal cavity tumour, which shows a very
slight rise in the female sex, and incidence age peak is
during the seventh decade of life and varies in malig-
nancy potential (1, 2). This tumour was classified as
glomangiopericytoma by the World Health Organization
(WHO) in 2005 (3). Glomangiopericytoma is described
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in WHO classification as a borderline low malignancy
tumour. The local recurrence rate is 16.8%. However,
recurrence can occur as a result of incomplete excision.
Thus recurrence is better considered as residual disease
in such cases (4). Differential diagnosis includes simi-
lar pattern soft tissue tumours such as a solitary fibrous
tumour, sinovial sarcoma, hemangioendotelioma,

glomus tumour and conventional haemangiopericyto-
mas (5).
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Fig. 2 (A) Hematoxylin-eosin staining reveals nodular lesmn Wthh is seper-
ated from the squamous metaplastic epithelium of the respiratory tract
with a clear neat zone. (original magnification x10). (B) The results
of immunohistochemical staining SMA (+) in the lining cells of the
lesion (original magnification x40). (C) The results of immunohisto-
chemical staining Vimentin (+) in the cells that make up the lesion.
(original magnification x40). (D) The results of immunohistochemical
staining CD 31 (+) in the vessel walls of the lesion (original magni-
fication x40). (E) The results of immunohistochemical staining CD
34 (+) in the vessel walls and peripheral cells of the lesion (original
magnification x40).

Malignancy in glomangiopericytomas is uncommon and

malignant tumours display nuclear pleomorphism, high

mitotic activity and necrosis (4). In our immunohisto-
chemical assessment, Vimentin was (+), SMA (+) and

CD31 (+); CD34 focal positive; Desmin (—), S-100 (-),

HMB-45 (-) and CK (—) and Ki-67 index was under 1%.

These results diagnosed the tumour as glomangiopericy-

toma. The gold standard treatment is usually accepted

as resection with tumour-free margins (5). In our case,
the tumour was widely excised including the septum

mucosa and perichondrium. In our case, during the 15

months of patient follow-up, no signs of recurrence were

observed.
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Glomangiopericytoma is rarely detected at the nasal
septum. Definitive diagnosis should be supported with
clinical examination and histopathologic and immuno-
histochemical features. This rarely seen tumour should
be kept in mind when evaluating nasal masses. Wide
local excision is almost always sufficient for treatment
but close follow-up is extremely important.

Keywords: Glomangiopericytoma, nasal
mass, nasal septum.
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LETTER TO THE EDITOR

A Giant Pituitary Adenoma in a Patient under Salmon Calcitonin Treatment:

Coincidence or a Priori Consequence
M Kara!, O Kara?, L Ozcakar'

The Editor,
Sir,

A 57-year-old woman with hypertension had been diag-
nosed with postmenopausal osteoporosis (OP), and
nasal salmon calcitonin treatment had been started in
June 1997. In October 1997, she had been admitted for
headache and hypertension. Cranial computed tomog-
raphy—performed for hypertension—had been normal,
and she had been successfully treated with antihyper-
tensive therapy. She had been regularly followed during
salmon calcitonin therapy until 2002.

In November 2002, the patient presented with head-
ache, ptosis, diplopia, and loss of vision. Magnetic
resonance imaging demonstrated a heterogeneous lesion
(4.1 x 3.6 x 3.7 cm) invading sphenoid/cavernous
sinuses, eroding clivus and pituitary stalk and com-
pressing the optic chiasm (Figure). Laboratory analysis
for hormone levels was normal (Table). Overall, the
patient was diagnosed as a non-functioning pituitary
macroadenoma. First, she underwent transsphenoidal
adenoma excision and 1 month later, right pteroinal cra-
niotomy. As thyroid-stimulating hormone and growth
hormone levels decreased postoperatively (Table), thy-
roid replacement therapy and alendronate (instead of
calcitonin) was prescribed. Postoperative course was
otherwise uneventful with partial improvement in the
oculomotor palsy and the residual macroadenoma was
stabilised (2.5 x 2.5 x 1.5 cm). One-year later, gamma
knife radiosurgery was also performed. To date, she has
been followed regularly without any additional neuro-
logic/hormonal dysfunction.

Pituitary adenomas are rare benign tumours, classi-
fied according to the size as microadenomas < 1 cm or
macroadenomas > | ¢cm; or according to hormonal hyper-
secretion as functional or nonfunctional (1). Pituitary
macroadenomas often cause neurological symptoms
due to mass effects such as visual field disturbances
and headache (2). Surgery is the first-line treatment, and
gamma knife radiosurgery and radiotherapy are effective
for residual tumours.
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Figure:
axial view (with gadolinium enhancement) showing the pituitary macroad-
enoma with massive suprasellar extension and invasion to the sphenoid and
cavernous sinuses mainly on the right side.

T1-weighted magnetic resonance imaging: (A) sagittal view and (B)

Table: Serum pituitary hormone levels of the patient in different times
Before After Current
surgery surgery

TSH (0.27-4.2 plU/mL) 2.11 0.11 2.48
GH (1-9 ng/mL) 2.6 0.19 1.1
ACTH (9-52 pg/mL) 10.5 253 30.5
PRL (1.9-25 ng/mL) 14.5 7.39 9.2
FSH (25.8-134.8 pIU/mL) 33.56 39.02 36.1
LH (7.7-58.5 uIU/mL) 12.53 12.26 14.1

TSH = thyroid-stimulating hormone; GH = growth hormone; ACTH =
adrenocorticotropic hormone; PRL = prolactin; FSH = follicle-stimulating
hormone; LH = luteinizing hormone.

Calcitonin is mainly synthesised by C-cells of the
thyroid gland and also secreted in several other neu-
roendocrine organs such as brain, lungs and pituitary
gland (3). On the other hand, calcitonin receptors are
mainly found on osteoclasts and at certain sites in the
nervous system including hypothalamus, circumven-
tricular organs, preoptic nucleus and anterior pituitary
(4). Calcitonin inhibits osteoclastic activity leading to
reduced bone resorption. Salmon calcitonin, a more
potent form than human calcitonin, has been used for
the treatment of OP without any major adverse effects.
However, salmon calcitonin administration for 1 year
was found to be associated with pituitary gland hyper-
plasia/adenoma in rats (5, 6). Although we were not
able to exclude a sporadic pituitary microadenoma in
our patient before the calcitonin treatment, we did not
have any detailed histological/biochemical analysis of
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the surgical specimens demonstrating the expression
of the calcitonin receptor; we propose that calcitonin
might have induced/accelerated the development of an
adenoma.

Presenting the first case in the literature, we imply
that screening studies are definitely awaited before we
can conclude that our observation does not fall beyond
a coincidence. Additionally, clinicians prescribing calci-
tonin should consider such a possibility and be vigilant
against hormonal/neurological consequences due to
aforementioned mechanisms.

Keywords: Calcitonin, diplopia, osteoporosis, pituitary
adenoma.
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LETTER TO THE EDITOR

Rivaroxaban-Induced Protein S Deficiency

The Editor,
Sir,

Protein S is a vitamin K-dependent plasma glycoprotein
with anticoagulant properties (1). It acts as a cofactor
for activated protein C and tissue factor pathway inhibi-
tor (TFPI). Tissue factor pathway inhibitor tightly binds
to factor Xa and slowly inhibits it (2). Protein S defi-
ciency can be hereditary, or acquired due to vitamin K
deficiency, chronic liver disease, nephrotic syndrome,
malignancy, systemic lupus erythematosus, disseminat-
ed intravascular coagulation, pregnancy, oestrogen use
as well as recent surgery and thrombosis (3—6). Warfarin
decreases protein S activity by inhibiting its vitamin
K-dependent synthesis in liver (3). In this article, we
report a patient with deep vein thrombosis who devel-
oped protein S deficiency on rivaroxaban therapy.

A 33-year-old male presented to the haematology
clinic for the evaluation of a hypercoagulable state.
The patient had been taking rivaroxaban for over a year
after he was diagnosed with deep venous thromboses in
the right brachiocephalic, subclavian and cephalic vein
by Doppler ultrasonography. At the time of diagnosis
of deep venous thrombosis, the patient was receiving
total parenteral nutrition and antibiotics for gastropare-
sis and bacteraemia through an intravenous line in his
right upper extremity. He had no family history of blood
dyscrasias or primary hypercoagulable states. On exam-
ination, his vitals were normal. Systemic examination
was negative for lymphadenopathy or hepatospleno-
megaly. Laboratory investigations showed normal blood
counts. His liver function and kidney function were
normal. Hypercoagulability workup was negative for
antiphospholipid antibodies, factor V mutation and
G20210A mutation in the prothrombin gene. Further
studies showed normal antithrombin 3 and protein C
activity. However, protein S activity was 63% (reference
range: 70%—-150% normal). Repeat protein S activity
after two months was still low at 63%. The patient’s anti-
coagulation therapy was changed from rivaroxaban to
low-molecular-weight heparin (enoxaparin). After two
weeks of switching the medication, his protein S activity
increased to 75%.
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Rivaroxaban is a selective, competitive and direct
inhibitor of factor Xa (7). It is an oral anticoagulant used
for the treatment and prophylaxis of deep vein throm-
bosis and pulmonary embolism and for prevention of
stroke and systemic embolism due to nonvalvular atrial
fibrillation (8, 9). To the best of our knowledge, this is
the first reported case of rivaroxaban-induced protein
S deficiency as suggested by the temporal association
between rivaroxaban and reduction in protein S activity.
The exact mechanism is not clear. During the hyper-
coagulation workup, it may be important to switch
rivaroxaban to unfractionated heparin or low-molecular-
weight heparin prior to estimating protein S activity.
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