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Age and Gender Differences of Orthostatic Hypertension in Children
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ABSTRACT

Background: Orthostatic hypotension (OH) is a common orthostatic blood pressure (BP) reg-
ulation disorder. Orthostatic hypertension (OHT), on the other hand, is not so common but 
has relevancy with autonomic neuropathy and diabetes. Orthostatic hypotension is prevalent 
in females and elderly person. But prevalence of OHT in age and gender is poorly studied. 
Methods: A retrospective cross-sectional study was conducted. Data collection was from 
January 2000 to August 2012. Inclusion criteria were patients referred for syncope of 
unknown origin, headache, dizziness, chest tightness or sighing. Comparisons were made 
between males and females, and those < 12 year and those ≥ 12 years of age. First outcomes 
included OHT frequency. Secondary outcomes included age and gender differences in head-up 
tilt test (HUTT) results and its reaction type, the increment of systolic pressure and diastolic 
pressure at three minutes of HUTT.
Results: Out of a total of 2089 children, OHT was noted in 498 cases. Orthostatic hyperten-
sion frequency was higher in males (25.93% vs 21.63%, p < 0.05) and those ≥ 12 years of age 
(20.48% vs 28.05%, p < 0.05). In OHT children, HUTT positive rate was higher in females 
(48.6% vs 38.1%, p < 0.05) and those ≥ 12 years of age (51.5% vs 33.2%, p < 0.01).  No sign- 
ificant age and gender differences were noted in systolic and diastolic BP in OHT children 
within three minutes during HUTT.
Conclusions: Orthostatic hypotension in children was more often seen in males and in those 
aged ≥ 12.
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RESUMEN

Antecedentes: La hipotensión ortostática (HO) es un trastorno de la regulación ortostática 
común de la presión arterial (PA). Por otro lado, la hipertensión ortostática (HTO) no es tan 
común, pero tiene importancia en relación con la neuropatía y la diabetes autonómicas. La 
hipotensión ortostática es frecuente en mujeres y personas mayores. Pero la prevalencia de 
HTO con respecto a edad y género no ha sido muy estudiada.
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Métodos: Se realizó un estudio retrospectivo de corte transversal. La recogida de datos se 
realizó de enero de 2000 hasta agosto de 2012. Los criterios de inclusión fueron los pacientes 
remitidos por síncope de origen desconocido, dolor de cabeza, mareos, opresión en el pecho o 
suspiros. Se realizaron comparaciones entre varones y hembras, y aquellos de < 12 y ≥ 12 años 
de edad. Los primeros resultados incluyeron la frecuencia de HTO. Los resultados secundarios 
incluyeron diferencias de edad y de género en los resultados de la prueba de inclinación (PI) 
y sus tipos de reacción, el incremento de la presión sistólica y la presión diastólica a los tres 
minutos de PI.
Resultados: De un total de 2089 niños, se observó HTO en 498 casos. La frecuencia de 
hipertensión ortostática fue mayor en los varones (25.93% vs 21.63%, p < 0.05) y aquellos con 
≥ 12 años de edad (20.48% vs 28.05%, p < 0.05). En niños con HTO, la tasa de PI positivos 
fue mayor en las hembras (48.6% vs 38.1%, p < 0.05) y en aquellos con ≥ 12 años de edad 
(51.5% vs 33.2%, p < 0.01). No se observó ningún tipo de depresión cardíaca. El tipo mixto fue 
visto más a menudo en hembras (25.2% vs 13.2%, p < 0.05). No se observó ninguna diferencia 
significativa de edad y género en la PA sistólica y diastólica en niños con HTO en el plazo de 
tres minutos durante la PI.
Conclusiones: La hipotensión ortostática en niños fue vista más a menudo en varones y en 
aquellos de edad ≥ 12.
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INTRODUCTION
Orthostatic	hypotension	(OH)	is	a	common	phenomenon	
in clinic when a person changes the body position from 
supine to upright. It is well-studied and recognized as an 
independent predictor of cardiovascular disease and of 
all-cause	mortality	(1).	Orthostatic	hypertension	(OHT)	
is also a manifestation of abnormal postural blood pres-
sure	 (BP)	 regulation,	 which	 refers	 to	 increase	 in	 BP	
when a person assumes an upright position from supine 
position.	However,	OHT	is	not	given	enough	attention	
clinically.	Therefore,	there	is	as	yet	no	unified	diagnosis	
criterion	for	OHT.	In	many	studies,	an	increase	in	systol-
ic	 blood	 pressure	 (SBP)	 of	 ≥	 20	 mmHg	 and	 (or)	
diastolic	 pressure	 (DBP)	 of	 ≥	 10	 mmHg	 within	 three	
minutes	 after	 body position changed from spine to 
upright is regarded as	 the	 diagnostic	 criteria	 of	 OHT	
(2).
SUBJECTS AND METHODS

Design
We conducted a retrospective cross-sectional study 
at both in-patient and outpatient Departments of the 
Children’s section of the Second Xiangya Hospital of 
Central South University, China. Data collection was 
from Jan 2000 to August 2012. 

Study population and methods
Inclusion criteria were patients, age < 18 years, referred 
for syncope of unknown origin, headache, dizziness, 
chest tightness or sighing and who underwent    
head-up	 tilt	 test	 (HUTT).	 Exclusion	 criteria	 were	    
patients	 in	 whom physical diseases, such as 
arrhythmia, epilepsy, myocarditis, etc, were detected 
by medical record review, physical examination, 
12-lead (ECG) electrocardiogram, Holter ECG, 
echocardiogram,  electroencephalography, brain 
computerized tomography	 or	 magnetic resonance 
imaging,	 etc.	 This	 project	 was	 approved	 by	 Ethics	
Committee of the second Xiangya Hospital. 

Head-up tilt test, as a noninvasive test, included 
two parts, which were baseline HUTT and sublingual 
nitroglycerin HUTT. It was performed after gaining 
the informed consent from all the subjects and their 
guardians. How HUTT was processed and the criteria 
for positive HUTT and reaction type was specifically 
described in former papers (3, 4).

Orthostatic hypertension was noted by reviewing the 
record of HUTT, which diagnostic criteria included an 
increase in SBP of ≥ 20 mmHg and (or) DBP of ≥ 10 
mmHg within three minutes of HUTT (2).
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Data analysis 
Comparisons were made between males and females, 
and those < 12 and those ≥ 12 years of age. First out-
comes included OHT frequency. Secondary outcomes 
included age and gender differences in HUTT results 
and its reaction type, the increment of SBP and DBP at 
three minutes of HUTT. The Statistical Package for the 
Social Sciences -17 (SPSS 17.0) software was used to do 
the statistical analysis, t-tests were used for comparisons 
of measurement data between groups and χ2 analy-
sis or Fisher exact probability were used to compare 
numeration data. A p < 0.05 was considered statistically 
significant. 

RESULTS
Two thousand and eighty-nine children, whose age 
ranged from 2.00 to 17.92 (10.79 ± 2.94) years old sat-
isfied the inclusion criteria and beyond the exclusion 
criteria. Of the 2089 cases, 1072 were males and 1162 
were aged < 12 years. Orthostatic hypertension was 
noted in 23.84% (498/2089) cases, of whom 278 were 
males and 238 were aged < 12 years. It occurred more 
often in males than in females (25.93% vs 21.63%, p < 
0.05). Statistically significant differences noted between 
< 12 years group and ≥ 12 years group [20.48% vs 
28.05%, p < 0.01] (Table 1). 

 




The increment in SBP equaled to SBP at three min-
utes of HUTT minus baseline SBP, as well as increment 
in DBP. No statistical differences were noted between 
those aged < 12 years and those age ≥ 12 years. There 
were no statistical differences between males and females 
in the < 12-year group and ≥ 12-year group (Table 3).

DISCUSSION

Research so far has drawn different conclusions about 
OHT due to no unified diagnostic standard. Some 
researchers described OHT as an orthostatic increase in 
DBP from below 90 to above 90 mmHg (5). In most of 
the studies, OHT was defined as elevation of SBP by at 
least 20 mmHg after standing-up from the supine posi-
tion, while in the others defined as elevation of SBP by 
at least 10 mmHg even 5 mmHg after standing-up (6‒9). 
In our study, OHT was defined as elevation of SBP by 
≥ 20 mmHg and (or) elevation of DBP by ≥ 10 mmHg 
within three minutes after standing-up during HUTT (2).

Table 2: � Age and gender differences of head-up tilt test results among orthostatic hypertension children (n)

HUTT  
Negative positive χ2Groups p

Gender
Male 172 106 5.53

< 0.05
Female 113 107 9

Age
< 12 year 159 79

17.084 < 0.01
≥ 12 year 126 134

Table 3: � Age and gender differences in blood pressure increment within three minutes 
of head-up tilt test in orthostatic hypertension children (mmHg)

Gender < 12 years (n = 238) ≥ 12 years (n = 260)
n Increment 

of SBP
Increment of 

DBP
n Increment of 

SBP
Increment of 

DBP
Male 137 8.22 ± 7.34 13.07 ± 5.08 141 8.45 ± 7.00 13.65 ± 3.65
Female 101 9.26 ± 7.04 12.87 ± 4.19 119 7.45 ± 7.68 13.24 ± 3.67
t 1.098 0.644 1.100 0.882
p > 0.05 > 0.05 > 0.05 > 0.05

Table 1: � Age and gender difference in orthostatic hypertension frequency 
during head-up tilt test [n (%)]

Age Male Female
n OHT n OHT

< 12 years 623 137 (21.99) 539 101 (18.74)
≥ 12 years 449 141 (31.41) 478 119 (24.90)
total 1072 278 (25.93) 1017 220 (21.63)

OHT: Orthostatic hypertension; HUTT: head-up tilt test 

SBP: systolic blood pressure; DBP: diastolic blood pressure 
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Normally, the BP fluctuates constantly. In healthy 
population, there are integrated and effective regulation 
mechanisms that help maintain the BP at relative stable 
level in the presence of change of either internal or exter-
nal environment so as to avoid harm induced by great 
BP fluctuations. The change of body position has the 
most significant impact on BP. When a healthy person 
change his posture from supine standing, blood in his 
lower limbs increase due to gravitation, which results 
in a temporary reduction of blood volume returned to 
the heart. At the meantime, slight and temporal BP drop-
ping, especially in SBP, can be detected (10, 11).

Carotid sinus and aortic arch baroreceptor increases 
impulse releasing if BP falls is sensed due to the decrease 
of returned blood volume. Then the signal is transmitted 
to solitarius nucleus within the medulla oblongata which 
increases the activating signal of sympathetic nerves 
resulting in constriction of arteriole so as to maintain 
the stability of BP. If the sympathetic nerve system is 
over-activated, BP increases excessively which results 
in OHT (12). Thomas et al (7) studied the relationship 
between positional BP change and the eight-year inci-
dence of hypertension in 2781 young adult, and found 
that the eight-year incidence of hypertension was higher 
in patients with OHT than those with little fluctuation 
of BP after assuming standing position (12.4% vs 6.8% 
p < 0.01), and the eight-year incidence of hypertension 
was 8.4% in the in-between OH group. Adjusted odds 
ratios for developing hypertension during the follow-up 
period in those with OHT vs those without postural BP 
change were as follows: in black men, 2.85 (95% con-
fidence interval [CI], 1.43, 5.69), in black women, 2.47 
(95% CI, 1.19, 5.11), in white men, 2.17 (95% CI, 1.00, 
4.73), and in white women, 4.74 (95% CI, 1.11, 20.30), 
indicating that increased sympathetic nervous system 
reactivity and remodelling of capillary are the risk fac-
tors of the hypertension (7).

The differences in OHT incidence reported in the lit-
erature might be associated with the different diagnostic 
criteria applied. The incidence of OHT is significantly 
higher in patients with elderly borderline hypertension, 
autonomic neuropathy and diabetes than in the normo-
tensive subjects. Orthostatic hypertension was detected 
in 4.2% of healthy pilots (9). Fan et al (13) conducted a 
cross-sectional study in 4711 hypertensives (aged 40–75 
years) in seven communities and they found that the 
incidence of OHT was 16.3%. Wu et al (14) conducted 
a population-based study on the prevalence and orthos-
tatic hypotension/hypertension and orthostatic dizziness 
in 1638 adult cases (aged above 20 years) and found that 

the prevalence of OHT was 1.1% with onset above 40 
years of age. The study of Fedorowski et al (15) on a 
total of 700 non-diabetic adults regarding the changes 
in orthostatic BP, intima-media thickness (IMT) and 
P-fibrinogen revealed that orthostatic hypotension and 
OHTN occurred in 5.7% and 6.4% study participants. 
The Atherosclerosis Risk in Communities (ARIC) study 
included 15 792 persons between 45 and 64 years of 
age at the baseline examination and in this study OHT 
was found in 2.36% of the study population (12). In 
our study, HUTT test on all the subjects with syncope 
of unknown origin, headache, dizziness, chest tightness 
or sighing showed that OHT occurred in 23.84%, show-
ing significantly higher incidence than that reported by 
Wu et al (14) and this difference might be attributed to 
the difference in diagnostic criteria applied for OHT and 
the fact that most of the subjects enrolled had autonomic 
nervous dysfunction.

Our	 study	 showed	 that	 OHT	 in	 children	 occurred	
mainly in males and those age above 12 years. Jarvis et 
al	(16)	reported	that	the	mean	arterial	pressure	measured	
during supine baseline conditions and 70 degree head-
up	 tilt	positions	were	significantly	 lower	 in	14	healthy	
women	than	in	16	healthy	men	(all	p	<	0.01),	which	is	in	
conformity	with	our	finding.	Barnett	et al	(17)	measured	
vasoactive peptide levels in the supine and 60 degree 
head-up	 tilt	 positions	 in	 89	 healthy	 subjects	 (41	men,	
48	women,	aged	20	to	83	years)	and	found	that	plasma	
norepinephrine during tilt was lower in women than in 
men	(p	<	0.05)	thus,	OHT	occurred	more	in	male	than	
in females. Streeten et al	 (5)	 found	 that	 orthostatism	
induced	 increased	 sympathetic	 stimulation	and	 signifi-
cantly higher plasma norepinephrine concentrations in 
the	orthostatic	hypertensive	subjects	than	in	the	normo-
tensive	 subjects	 (p	 <	 0.05),	which	might	 play	 a	 direct	
role	in	inducing	OHT.	It	has	been	shown	that	excessive	
vascular	 adrenergic	 sensitivity	 in	 OHT	 subjects	 that	
increase orthostatic pressure response is also the mecha-
nism related to adrenaline release in the development 
of	OHT	(9).	Our	data	showed	no	differences	in	age	and	
gender	 with	 regards	 to	 increments	 in	 SBP	 and	 DBP	
within	 three	 minutes	 of	 HUTT,	 indicating	 that	 the	
sympathetic	 reaction is independent of age and 
gender in children after standing-up.
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Evidently, OHT is not rare in children. However, 
there is paucity of study on OHT in children and there 
are as yet no unified diagnostic criteria for OHT and 
the diagnostic differs greatly between different studies. 
Our findings suggest that OHT in children occurs more 
often in males and in those aged ≥ 12 years and there are 
no age or gender differences regarding the increments 
in SBP and DBP within three minutes of HUTT. These 
findings are of guiding value in clinical diagnosis and 
the understanding of OHT in children. 
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