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ABSTRACT

Objective: The aim of this study was to determine the effect of growth pattern on blood pressure changes
in an adolescent population of African ancestry based on longitudinal data and to compare this with
estimates derived from cross-sectional data.
Methods: Participants had measurements of weight, height, blood pressure and percentage body fat
taken annually using standardized procedures. Annual blood pressure and anthropometry velocities as
well as one- and three-year interval gender specific tracking coefficients were computed. We
investigated whether changes in blood pressure could be explained by measures of growth using a
multilevel mixed regression approach.
Results: The results showed that systolic blood pressure (SBP) increased by 1.27 and 3.09 mmHg per
year among females and males, respectively. Similarly, diastolic blood pressure (DBP) increased by
1.16 and 1.92 mmHg per year among females and males, respectively. Multilevel analyses suggested
that weight, body mass index, percentage body fat and height were the strongest anthropometric
determinants of blood pressure change in this population. The results also suggest that there are gender
differences in the relative importance of these anthropometric measures with height playing a minor
role in predicting blood pressure changes among adolescent females. With the exception of DBP at 18
years among females, there were no significant differences between mean blood pressure generated
from cross-sectional and longitudinal data by age in both males and females.
Conclusion: Anthropometric measures are important covariates of age-related blood pressure changes
and cross-sectional data may provide a more cost-effective and useful proxy for generating age-related
blood pressure estimates in this population.

Keywords: Adolescence, blood pressure, longitudinal, multilevel analyses

Antropometría y Cambios de Presión Sanguínea en una Población Adolescente
Caribeña de Ascendencia Africana: Evaluación de Datos Longitudinales en un

Enfoque de Regresión Multinivel Mixto
S Nichols1, 2, F Cadogan2

RESUMEN

Objetivo: El objetivo de este estudio fue determinar el efecto del patrón de crecimiento sobre los
cambios de presión sanguínea en una población juvenil de ascendencia africana sobre la base de datos
longitudinales, y comparar esto con los estimados derivados de los datos transversales.
Métodos: A los participantes se les hicieron mediciones de peso, altura, presión sanguínea, y porcentaje
de grasa corporal, las cuales fueron realizadas anualmente mediante procedimientos estandarizados.
Se computarizaron la presión sanguínea anual y las velocidades de la antropometría así como los
coeficientes de rastreo específicos de género en intervalos de uno y tres años. Se investigó si los
cambios de presión sanguínea podrían explicarse por las medidas de crecimiento, usando un enfoque
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The World Health Organization identifies high blood
pressure as the leading risk factor for mortality, accounting
for 13% of deaths globally (1). Over 20% of adults in the
Caribbean are afflicted with hypertension and its co-morbid
conditions (2−4). This increase in prevalence and levels of
blood pressure are due to changes in lifestyle behaviours that
have accompanied the improved economic situation in most
countries of the region following the post-colonial era (5).
Concomitant with these increases in the levels of adult blood
pressures were increases in body weight, reduction in the
levels of physical activity and consumption of diets consist-
ing mainly of foods high in refined sugar, fats and salt (5, 6).
Hypertension and its co-morbidities place additional burdens
on the already overstressed regional health systems. To-
gether with diabetes mellitus, they account for the bulk of
visits to public health institutions regionally. They also con-
tribute to low worker productivity which may impact on
economic development in the region (5).

Increasingly, it is being recognized that risk factors for
hypertension are present in early life. Prospective studies
have demonstrated increases in left ventricular mass and
peripheral resistance with elevated blood pressure in child-
hood (7−10). Moreover, blood pressure in childhood and
adolescence are known to track into adulthood. In fact, the
tracking coefficient for blood pressure increases with age
(11−12). Childhood and adolescent blood pressure levels are
strongly influenced by growth patterns, age and gender (13).
Given these findings, it is necessary that blood pressure
changes during these early phases of life be evaluated to
determine the major drivers of the rate of blood pressure
change. Most of the data on adolescent blood pressure have
been generated from cross-sectional studies of adolescent
populations. These studies report inter-individual rather than
intra-individual variability in blood pressure. This begs the

question as to whether estimates arising from cross-sectional
data are similar to those expected from individuals followed
over time. Logically, measures of blood pressure taken on an
individual over any time period would be expected to be
more closely correlated than blood pressure measurements of
different individuals of a similar age group. This may have
implications for the nature of the results generated. More-
over, adolescents of African ancestry are prone to developing
higher levels of blood pressure with age (14). The aims of
this study were to determine the effect of age and anthro-
pometric changes on the rate of blood pressure change in an
adolescent population of African ancestry and to compare
these results with those obtained from cross-sectional data
collected from the same population (15).

SUBJECTS AND METHODS
All adolescents entering secondary school during the period
September 2000 to January 31, 2001 were invited to partici-
pate in the survey. Parental consent as well as the approval
of the Division of Education, Tobago House of Assembly,
was obtained prior to commencement of the study. All par-
ticipants were examined in school uniform. Blood pressure
readings were taken on the right arm with a Baumanometer
mercury sphygmomanometer (WABaum, New York) after
each participant had rested in a sitting position for five to 10
minutes with the right arm resting on a table at the level of
the heart. The details of the methods have been described
elsewhere (15). Systolic blood pressure (SBP) was recorded
at the beginning of the first Korotkoff phase and diastolic
blood pressure (DBP) at the ending of the fifth Korotkoff
phase. The average of two such measurements three minutes
apart was used in determining the systolic and diastolic blood
pressure for each participant. Height was measured to the
nearest millimetre with a portable stadiometer while weight
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de regresión multinivel mixto.
Resultados: Los resultados mostraron que la presión sanguínea sistólica (PSS) aumentaba en 1.27 y
3.09 mmHg por año entre las hembras y los varones respectivamente. De modo similar, la presión
sanguínea diastólica (PSD) aumentaba en 1.16 y 1.92 mmHg por año entre las hembras y varones
respectivamente. Los análisis multiniveles sugirieron que el peso, el índice de masa corporal, el
porcentaje de grasa corporal y la altura, fueron los determinantes antropométricos más fuertes del
cambio de presión sanguínea en esta población. Los resultados también sugieren que hay diferencias
de género en la importancia relativa de estas mediciones antropométricas, siendo el caso que la altura
juega un papel menor a la hora de predecir los cambios de presión sanguínea entre las adolescentes.
Con excepción de la PSD a los 18 años entre las hembras, no hubo ninguna diferencia significativa
entre la presión sanguínea promedio obtenida a partir de los datos transversales y longitudinales por
edad, tanto en los varones como en las hembras.
Conclusión: Las medidas antropométricas son covariantes importantes de los cambios de presión
sanguínea relacionadas con la edad. Los datos transversales pueden ofrecer un recurso útil y costo-
efectivo para producir estimados de la presión sanguínea relacionada con la edad en esta población.

Palabras claves: Adolescencia, presión sanguínea, longitudinal, análisis multinivel
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was measured to the nearest 0.1 kg using standard anthro-
pometric methodology (16). All anthropometric and blood
pressure measurements were taken annually during the anni-
versary period over a five-year period by health personnel
who underwent annual retraining specifically for this survey.
Body mass index (BMI) was calculated by dividing the
participants’ weight in kilograms by their height squared in
meters. Percentage body fat (%BF) was measured to the
nearest 0.5% using a body fat analyser (Tanita, Model 351).
This device is easy to use and produces good population
estimates of percentage adiposity (17−18).

Statistical analyses were conducted using STATA ver-
sion 9.0. Prior to analyses, all data were checked for errors
and deviations from normality. Simple descriptive analyses
were used to summarize data. Unpaired t-tests were used to
analyse gender differences among variables and to compare
blood pressure and anthropometric measures by gender.
Pearson blood pressure tracking correlation coefficients were
computed at one- and three-year intervals. Change in blood
pressure was analysed using individual growth curve model-
ling within a multilevel mixed regression framework. This
type of modelling includes the use of random and fixed
effects (20). Fixed effects are repeatable measures. In this
study, they were the anthropometric covariates of the rate of
blood pressure change and included height, weight, BMI and
per cent body fat which were recorded annually. We also
included two types of random effects – a random intercept
and a random slope. The random intercepts represent adjust-
ment to the main intercept for each individual. This is im-
portant as changes in blood pressure may be dependent on
initial blood pressures level. Inclusion of random slopes re-
sults in adjustment of the slope of a given covariate for each
level of the random effect. The effect of accounting for these
individual variations is to produce estimates of the fixed
effects (covariates) that are more reliable and accurate (21).
One advantage multilevel mixed regression model has over
traditional regression analyses is that it takes into considera-
tion between-group effects and within-subject (individual)
effects in variation when modelling change (21). This is im-
portant as repeated measures of blood pressure, height,
weight, BMI and per cent body fat within subjects was
expected to be more highly correlated than measurement
between subjects. Failure to take individual (within subject)
variation into consideration can result in estimates of blood
pressure that are biased (21). Another important aspect of
multilevel mixed regression modelling is that it does not
require that all individuals have the same number and timing
of measurements. In traditional regression analyses, missing
data may affect the power of the study and the resulting
regression coefficients (22).

In this study, we evaluated whether changes in blood
pressure could be explained by measures of growth, adiposity
and age. We fitted six gender-specific models. Model 0
(the “empty” model) did not include any explanatory vari-
ables and focussed on describing only individual and popu-

lation components of variance in blood pressure. In model 1,
age was added as both a fixed effect and random effect
(slope). In model 2, height was added to the first model. In
models 3−5, either weight, height, BMI or per cent body fat
was added to model 2. The model parameters were estimated
by the method of iterated generalized least squares, which
under normality assumptions leads to maximum likelihood
estimates (23). Tests of statistical hypotheses were carried
out through the use of Wald tests (ratio of an estimated para-
meter to its standard error). A p-value of 0.05 was used as the
criterion of significance for all statistical testing. Thus, re-
peated measures of diastolic and systolic blood pressures
were regressed on anthropometric measures and age in sex-
specific regression equations. In the initial analyses, age,
age2, height and either weight, BMI, percentage adiposity
and the relevant age-by-anthropometric and body composi-
tion interaction term (ie age-by-height, age-by-weight or age-
by-BMI or age-by-percentage adiposity) were considered.
The age2 term was not significant and as such was excluded
from further analyses. In these analyses, age was centred to
12 years while anthropometric variables were centred at their
minimum value. Centering facilitates easier interpretation of
the intercept (24). In the case of model 1, the level of blood
pressure at age 12 years, analyses showed that age-by-height,
age-by-weight or age-by-BMI or age-by-percent-age adipos-
ity interactions did not yield p-values less than 0.05 and these
were excluded from further consideration.

RESULTS
Table 1 shows the physiological characteristics of partici-
pants at baseline by gender. Males 14 to 17 years had signi-
ficantly higher systolic blood pressure than their female
counterparts. Females 13 years old had significantly higher
diastolic blood pressure than their male counterparts. The

Table 1: Physiological characteristics of participants by gender

Variable Females (F) Males (M) p-value
Mean (SD) Mean (SD)

Systolic Blood Pressure (SBP) (mmHg)
11 years (F = 20, M = 16) 101.4 (11.1) 103.0 (12.3) 0.690
12 years (F = 186, M = 154) 102.2 (10.9) 100.4 (14.1) 0.170
13 years (F = 308, M = 244) 105.3 (12.7) 104.5 (12.8) 0.490
14 years (F = 344, M = 257) 106.3 (12.7) 109.2 (14.3) 0.008
15 years (F = 343, M = 278) 107.8 (12.3) 112.0 (13.2) < 0.001
16 years (F = 308, M = 241) 108.4 (11.5) 112.5 (12.9) < 0.001
17 years (F = 164, M = 95) 110.9 (13.0) 116.2 (12.4) 0.001
18 years (F = 51, M = 30) 111.6 (11.7) 117.4 (13.4) 0.060

Diastolic Blood Pressure (DBP) (mmHg)
11 years (F = 20, M = 16) 63.9 (8.3) 65.0 (9.9) 0.720
12 years (F = 186, M = 154) 64.0 (9.4) 63.6 (11.1) 0.690
13 years (F = 308, M = 244) 67.0 (10.4) 64.9 (10.9) 0.020
14 years (F = 343, M = 257) 67.9 (9.7) 68.6 (10.4) 0.430
15 years (F = 342, M = 277) 69.2 (9.6) 69.7 (9.5) 0.510
16 years (F = 315, M = 240) 69.5 (8.7) 71.6 (9.4) 0.007
17 years (F = 164, M = 96) 70.4 (9.8) 72.2 (9.4) 0.09
18 years (F = 51, M = 30) 70.1 (8.1) 73.9 (9.9) 0.06

Anthropometry in Relation to Longitudinal Changes in Blood Pressure
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than their male counterparts while males had significant
lower levels of body fat than females.

Table 3 shows the age and sex-specific tracking corre-
lation coefficient for systolic and diastolic blood pressure at
one and three-year intervals. There was a general increase in

Table 1 (cont’d): Baseline physiological characteristics of participants by
gender

Variable Females (F) Males (M) p-value
Mean (SD) Mean (SD)

Pulse Rate (PR) (beats/minute)
11 years (F = 20, M = 16) 81.7 (11.3) 77.3 (11.0) 0.24
12 years (F = 186, M = 154) 81.8 (10.5) 80.2 (9.6) 0.13
13 years (F = 308, M = 244) 80.6 (10.2) 78.8 (10.4) 0.05
14 years (F = 344, M = 257) 79.9 (9.9) 79.2 (9.6) 0.39
15 years (F = 343, M = 278) 79.6 (9.5) 77.7 (9.2) 0.01
16 years (F = 308, M = 241) 80.1 (8.8) 76.8 (9.3) < 0.001
17 years (F = 164, M = 95) 80.8 (10.0) 75.2 (9.1) < 0.001
18 years (F = 51, M = 30) 77.8 (8.8) 75.5 (7.3) 0.27

converse was true at 16 years of age. Males 12 to 13 years
were significantly lighter than females. However, by ages 15
to 17 years, males were significantly heavier that their female
counterparts (Table 2). Males were significantly taller than
their female counterparts except at age 13 years (Table 2).
Females 13 and 14 years old had significantly higher BMI

Table 2: Anthropometry and body composition of participants by gender

Variable Females (F) Males (M) p-value
Mean (SD) Mean (SD)

Weight (kg)
11 years (F = 20, M = 16) 44.9 (9.6) 47.3 (15.1) 0.590
12 years (F = 186, M = 154) 49.0 (10.6) 46.2 (11.9) 0.020
13 years (F = 308, M =254) 53.9 (12.6) 51.7 (13.0) 0.030
14 years (F = 329, M =258) 56.1 (13.0) 57.9 (12.3) 0.080
15 years (F = 345, M = 275) 57.9 (12.7) 62.9 (13.4) < 0.001
16 years (F = 314, M =234) 59.1 (13.1) 66.2 (13.4) < 0.001
17 years (F = 161, M = 95) 61.5 (14.8) 68.3 (11.3) < 0.001
18 years (F = 51, M = 30) 62.4 (12.3) 66.7 (9.8) 0.1

Height (cm)
11 years (F = 20, M = 16) 156.5 (6.7) 154.8 (10.3) 0.550
12 years (F = 186, M = 175) 159.1 (7.7) 161.3 (9.2) 0.016
13 years (F = 307, M = 244) 161.9 (7.3) 162.2 (9.6) 0.66
14 years (F = 344, M = 259) 163.5 (7.2) 169.1 (8.9) < 0.001
15 years (F = 345, M = 276) 164.5 (6.7) 173.4 (7.7) < 0.001
16 years (F = 316, M = 239) 165.3 (7.5) 176.4 (7.3) < 0.001
17 years (F = 162, M = 96) 166.6 (6.6) 176.6 (7.3) < 0.001
18 years (F = 51, M = 30 ) 167.2 (6.2) 177.0 (6.2) < 0.001

BMI (kg/m2)
11 years (F = 20, M = 16) 18.6 (3.1) 19.3 (4.2) 0.53
12 years (F = 186, M = 154) 18.8 (3.6) 18.8 (3.6) 0.17
13 years (F = 308, M = 249) 20.3 (3.8) 19.5 (4.3) 0.02
14 years (F = 344, M = 260) 20.9 (3.8) 20.1 (3.7) 0.02
15 years (F = 345, M = 275) 21.4 (4.5) 20.9 (4.1) 0.16
16 years (F = 315, M = 238) 21.6 (4.9) 21.3 (4.1) 0.29
17 years (F = 162, M = 88) 22.2 (5.3) 21.9 (3.9) 0.76
18 years (F = 51, M = 30) 22.4 (4.4) 21.1 (2.7) 0.19

Adiposity (%)
12 years (F = 186, M = 154) 28.5 (7.2) 18.6 (6.3) < 0.01
13 years (F = 308, M = 249) 27.5 (7.5) 15.7 (7.1) < 0.01
14 years (F = 344, M = 260) 28.0 (7.5) 14.6 (9.2) < 0.01
15 years (F = 345, M = 275) 29.2 (7.7) 14.5 (8.0) < 0.01
16 years (F = 315, M = 238) 29.4 (8.2) 14.4 (7.0) < 0.01
17 years (F = 162, M = 88) 29.9 (8.4) 14.3 (8.3) < 0.01
18 years (F = 51, M = 30) 31.6 (7.9) 15.4 (5.3) < 0.01

the one-year tracking coefficient for systolic blood pressure
for both males and females. Generally, the one-year tracking
coefficient for SBP tended to be higher than the three-year
tracking correlation coefficient. Among females, the one-
year tracking coefficient for diastolic blood pressure was
significant over the ages of 12−17 years, while it was signi-
ficant from 12−15 years among males.

Figure 1 shows the annual rates of changes in systolic
BP, BMI, weight and height by gender. Peak velocities for
SBP occurred at 12−13 years and 15−16 years among fe-
males and 13−14 years and 16−17 years among males.
Among females, peak BMI and weight velocities occurred
between ages 12 and 13 years. Among males, peak weight
and height velocities occurred between 13−14 years while
peak BMI velocity occurred at age 12−13 years. Figures 2
and 3 show the correlation coefficient of annual weight,
height and BMI with SBP and DBP by gender, respectively.
Correlation coefficient between annual weight, height, BMI
and SBP showed non-linear characteristics with age. Among
females, the highest correlation coefficient occurred at ages
11−12 years and again at ages 16−17 years. Among males,
the highest correlation coefficient occurred at ages 11−12
years and again at age 17−18 years. Overall, for both SBP
and DBP, correlation coefficients were higher for weight and
BMI than they were for height (Figs. 2 and 3). Figure 4
shows a comparison of blood pressure changes with age from
cross-sectional data on adolescents of similar age group from

Table 3: Age and sex-specific tracking correlation coefficients for systolic
and diastolic blood pressuire at one- and three-year intervals

1-year interval 3-year interval
Female Male Female Male

Systolic BP

Age (year)
11 0.25 (18) 0.49 (16) 0.27 (19) 0.47 (15)
12 0.30** (174) 0.42** (137) 0.35** (161) 0.32** (103)
13 0.33** (269) 0.49** (134) 0.47** (226) 0.42** (171)
14 0.54** (271) 0.56** (211) 0.45** (107) 0.34** (59)
15 0.54** (251) 0.60** (202) 0.74** (32) 0.57** (22)
16 0.66** (98) 0.45** (68)
17 0.66** (34) 0.61** (18)

Diastolic BP

Age (year)
11 0.36 (20) 0.16 (16) 0.11 (19) 0.30 (15)
12 0.25** (173) 0.32** (137) 0.13 (160) 0.16 (132)
13 0.37** (269) 0.44** (208) 0.20** (226) 0.23** (171)
14 0.31** (270) 0.41** (211) 0.29* (106) 0.09 (59)
15 0.31** (256) 0.24** (201) 0.32 (30) -.06 (22)
16 0.44** (104) 0.25 (68)
17 0.49** (34) 0.48 (17)
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this population and data emanating from this study. In all
cases, the gradients of the slope were higher for age-related
changes in blood pressure from the cross-sectional study.
With the exception of DBP at 18 years among females, there
were no significant differences between mean blood pressure
generated from cross-sectional and longitudinal data by age
and gender.

Tables 4 and 5 show the results of mixed regression
modelling of anthropometric and obesity indices on the rate
of change of SBP and DBP, respectively. The average SBP
was 104.0 and 101.4 mmHg among 12-year old females and

males, respectively. Systolic blood pressure increased by an
average of 1.27 mm Hg per year among females and 3.09
mmHg per year among males (Model 1, Table 4). This cor-
responds to an average of 6.31 and 15.5 mmHg over the
five-year period among females and males, respectively. The
introduction of height into the model reduced the rate of
change of SBP with age by 9% in females and 54% among
males. Systolic blood pressure increased by 0.1 and 0.36
mmHg per centimetre among females and males, respec-
tively (Model 2). Males in this study had an average of 14.5
cm increase of height over the course of the study. This
corresponds to a 5.2 mmHg or 30% of the expected increase
SBP over the five-year period. The 4.2 cm average increase
in height among females corresponds to less than 0.5 mmHg

Fig. 1: Annual rates of changes in systolic blood pressure, BMI, weight
and height among participants.
SBP – systolic blood pressure, BMI – body mass index, Wt –
weight, Ht – height

Fig. 2: Correlation of annual body weight, height and body mass index
(BMI) with systolic blood pressure among participants.

Anthropometry in Relation to Longitudinal Changes in Blood Pressure
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of the expected increase in SBP over the five-year period.
The introduction of weight in the model reduced the

change in SBP per centimetre by 70% among females and
nullified the significant contribution of height to changes of
SBP (Table 4, Model 3). On average, males had a 13.6 kg in-
crease in weight over the course of the study. This corres-
ponds to a 5.0 mmHg or 30% of the expected increase in
SBP. Similarly, the 8.3 kg average weight increase among
females corresponds to a 2.99 mmHg or 45% of the expected
average increase in SBP. Systolic blood pressure increased
by approximately 0.9 and 1.0 mmHg per unit increase in BMI
among males and females, respectively (Table 1, Model 4).

The 2.5 and 1.8 units increase in BMI over the five-year
period among males and females, respectively, corresponds
to a 2.3 (15%) and 1.8 mmHg (29%) of the expected increase
in SBP over the duration of the study.

Diastolic blood pressure at age 12 years was slightly
higher among females compared to males. Diastolic blood
pressure increased on average of 1.06 and 1.92 mmHg per
year among females and males, respectively (Table 5, Model
1). This corresponds to an expected increase of 5.3 and 9.6
mmHg over a five-year period among males and females,
respectively. The introduction of height in the model de-
creases the annual DBP rate by 6% in females and 52% in
males. Height accounted for approximately 34% of the in-
crease of blood DBP among males and 5% of the increase
among females. As with SBP, introduction of weight into the
model rendered the contribution of height insignificant
among females and decreased the contribution of height to
DBP rate by approximately 50%. The increase in weight
over the course of the study corresponds to 34% and 24% of
the expected rate of change in DBP in females and males,
respectively. Similarly, the average increase in BMI corres-
ponds to 19% and 13% of the expected rate of change in DBP
in females and males, respectively.

The random intercept (constant) of between 7.08 to
8.24 for females and 5.57 to 9.81 for males suggest that there
is unexplained heterogeneity in the level of initial blood pres-

Fig. 3: Correlation of annual body weight, height and body mass index
(BMI) with diastolic blood pressure among participants.

Fig. 4: Comparison of blood pressure changes with age from cross-
sectional and longitudinal data by gender

Nichols and Cadogan
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sure among participants. The fact that there was decrease in
this intercept as anthropometric variables were added to
Model 0 suggests that these variables contributed to the
change in blood pressure rate observed during adolescence.
A similar pattern is observed for DBP. The between-subject
random slope (age) was statistically significant among males
only. This suggests that the rate of blood pressure change
was dependent on age among males and independent of age
in females. The fact that entry of time varying anthropo-
metric variables into the model significantly reduced the
effect of age on blood pressure change rate suggest that an-
thropometric variables may play an important role in the rate
of change of blood pressure among participants. Finally, the

significant within-individual variance (a reflection of how
each participant’s blood pressure differs from his/her linear
change pattern) indicates that a large part of the variance in
blood pressure change rate is due to individual change in
blood pressure rate.

DISCUSSION
In this study, the anthropometric antecedents of SBP and
DBP changes in a cohort of adolescents of African descent
followed over a five-year period were evaluated using a
multilevel mixed regression approach. The findings suggest
that there are gender differences in the contributions of the
various anthropometric measures on the rate of blood pres-

Table 4: Modelling the effect of age and anthropometry on the rate of systolic blood pressure
change among participants

Variable Model 1 Model 2 Model 3 Model 4 Model 5

Fixed Effects

Constant
Females 104.0 (0.60) 88.5 (8.3) 96.8 (7.7) 55.2 (7.9) 66.3 (9.1)
Males 101.4 (0.86) 48.0 (7.8) 67.4 (7.96) 27.5 (7.8) 29.8 (9.0)

Age
Females 1.27 (0.15) 1.16 (0.16) 0.66 (0.16) 0.64 (0.16) 1.05 (0.18)
Males 3.09 (0.22) 1.41 (0.37) 0.83 (0.31) 0.82 (0.31) 1.4 (0.36)

Height
Females 0.10 (0.05) -0.07 (0.04) 0.19 (0.05) 0.17 (0.05)
Males 0.36 (0.05) 0.11 (0.05) 0.35 (0.05) 0.42 (0.05)

Weight
Females 0.35 (0.02)
Males 0.36 (0.04)

BMI
Females 0.93 (0.08)
Males 1.01 (0.11)

Per cent Body Fat
Females 0.32 (0.06)
Males 0.31 (0.06)

Random Effects
Between Subjects

Constant
Females 7.30 (0.59) 7.08 (0.60) 8.23 (0.80) 8.24 (0.81) 7.54 (1.05)
Males 9.81 (0.77) 8.5 (.80) 5.68 (0.57) 5.57 (0.57) 6.17 (0.63)

Age
Females 0.35 (0.27) 0.40 (0.18) 0.42 (0.17) 0.45 (0.17) 0.32 (0.19)
Males 1.92 (0.33) 1.76 (0.34) 1.67 (0.35) 1.71 (0.34) 1.38 (0.30)

Within Individual
Females 8.9 (0.17) 8.3 (0.91) 8.9 (0.75) 8.9 (0.77) 8.68 (0.20)
Males 9.37 (0.33) 9.85 (0.25) 9.27 (0.24) 9.28 (0.25) 9.62 (0.72)

Wald Test
Females 72.3 75 223 226 113
Males 202 264 360 360 254

Likelihood -6668
Female -6550 -6543 -6481 -6480 -5073
Male 5454 (5100) -5076 -5023 -5023 -3745
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sure change. They also suggest that among adolescent fe-
males, weight, BMI and adiposity make a much greater con-
tribution to the expected blood pressure increase than height.
Among males, the contributions made by height and weight
were comparable. This is similar to the finding of other
studies using longitudinal data and is consistent with our
previous findings from a cross-sectional study on this
population (15, 25−27).

The average yearly change in SBP and DBP appears to
be higher in the cross-sectional study as compared to this
longitudinal study, especially among males. For example,
average annual increase in blood pressure was 3.6 mmHg in
cross-sectional study and 3.09 mmHg in the longitudinal

study. Among females, it was 1.5 mmHg from the cross-
sectional study and 1.27 mmHg from the longitudinal study.
With the exception of DBP at 18 years among females, there
were no significant differences between mean blood
pressures generated from cross-sectional and longitudinal
data by age among males and females. Thus, there is excel-
lent congruence between estimates resulting from cross-
sectional and longitudinal data from this population. This
supports the use of cross-sectional data as a basis for deter-
mining important blood pressure indices in this population.
This is important given the fact that cross-sectional data on
blood pressure are more easily obtainable than longitudinal
data.

Table 5: Modelling the effect of age and anthropometry on the rate of diastolic blood pressure
change among participants

Variable Model 1 Model 2 Model 3 Model 4 Model 5

Fixed Effects

Constant
Females 65.6 (0.50) 53.3 (0.93) 60.3 (1.26) 37.40 (1.54) 28.9 (1.57)
Males 63.5 (0.61) 27.58 (5.89) 37.76 (5.98) 18.13 (5.97) 19.7 (7.10)

Age
Females 1.06 (0.13) 1.0 (0.14) 0.69 (0.14) 0.68 (0.14) 0.86 (0.17)
Males 1.92 (0.16) 0.93 (0.25) 0.65 (0.23) 0.63 (0.23) 0.66 (0.28)

Height
Females 0.05 (0.04) -0.06 (0.04) 0.09 (0.04) 0.14 (0.04)
Males 0.23 (0.04) 0.11 (0.04) 0.23 (0.04) 0.26 (0.04)

Weight
Females 0.21 (0.02)
Males 0.17 (0.03)

Body Mass Index
Females 0.56 (0.06)
Males 0.49 (0.08)

Per cent Body Fat
Females 0.19 (0.09)
Males 0.19 (0.05)

Random Effects
Between Subjects

Constant
Females 5.78 (0.65) 5.69 (0.66) 5.14 (0.67) 5.09 (0.67) 5.00 (0.78)
Males 6.56 (0.69) 6.00 (0.69) 5.64 (0.70) 5.60 (0.70) 5.20 (0.41)

Age
Females 0.84 (0.34) 0.85 (0.34) 0.78 (0.35) 0.78 (0.35) 0.94 (0.36)
Males 0.69 (0.47) 0.56 (0.56) 0.56 (0.56) 0.56 (0.55) 0.0001 (0.0001)

Within Individual
Females 8.02 (0.18) 8.03 (0.18) 8.00 (0.18) 8.00 (0.18) 8.02 (0.18)
Males 8.30 (0.20) 8.26 (0.20) 8.22 (0.20) 8.22 (0.20) 8.27 (0.22)

Wald Test
Females 62.1*** 63.5*** 152.8*** 158.3*** 78.2***
Males 114.0*** 184.8*** 228*** 228.77*** 136***

Likelihood
Female -6349 -6340 -6300 -6297 -4949
Male -4831 -4811 -4780 -4779 -3570
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While age seems to have played a minor role in ex-
plaining the rate of blood pressure increase in this population,
the time-varying anthropometric covariates of BMI, weight,
height and per cent body fat were significantly associated
with rate of blood pressure increase. It is generally felt that
some indices of obesity are more strongly related to blood
pressure than others, and therefore their ability to predict car-
diovascular diseases. In this study, we evaluated the effect of
BMI, weight, height and per cent body fat on blood pressure
by entering these individually as covariates in the fixed part
of the regression. Most important was the large reduction of
the impact of height on change in blood pressure where other
anthropometric measures, weight and BMI are added to the
model. The result suggests that the contributions of height to
changes in SBP and DBP decrease by some 35–50% with the
entry of weight into the models. This suggests that weight
may be more closely associated with changes in blood pres-
sure than height per se. In fact, among females, the contri-
bution of height to the rate of change in blood pressure was
negligible. A glance at the likelihood ratio could suggest that
with the exception of per cent body fat, the effect is similar
for the other anthropometry and body composition variables
in the model. The significant increase in the negative maxi-
mum likelihood ratios on entering percentage body fat into
the model suggests that the models with percentage body fat
may best describe the rate of changes in blood pressure.
With the exception of height, the increase in SBP and DBP
per unit increase in anthropometric measure was similar
among males and females. The magnitude of variability in
SBP with anthropometry is consistent with those reported in
other studies on adolescents using a mixed model approach
(15, 26).

The significant random intercept in each model sug-
gests that it is important to adjust for intra-individual varia-
tion in blood pressure change rate in both males and females
when generating estimates of blood pressure change. The re-
lative lower level of variance suggested by the random slopes
suggest that age per se may not play a major role in deter-
mining blood pressure changes during adolescence. This
suggests that there is little intra-individual tracking of blood
pressure with age and supports the use of a fixed annual rate
of blood pressure increase in this population. This is also
supported by the similarity of the average annual increase in
blood pressure generated from a cross-sectional study of this
population (15).

The main strength of the mixed model approach is that
it accounts for intra-individual and inter-individual effects
simultaneously, as this has a profound effect on the precision
of the intercepts and slopes estimated. The random intercept
allows adjustments to the fixed intercepts for the individual
differences. Likewise, the random slope influences the
slopes of the covariates as well as the fixed intercepts. A
major limitation of this study was that no adjustments to the
estimates were made for level of maturation and physical

activity both of which are known to influence blood pressure
levels (14, 26, 28). This is an important consideration as the
level of involvement in physical activity decreases from
lower school to upper school where the dictates of the
curriculum are focussed on preparation for exit examinations
(15).

Anthropometry is an important covariate of blood pres-
sure changes during adolescence. Also, the similarity of
blood pressure estimates from longitudinal and cross-sec-
tional data suggest that the latter may provide useful infor-
mation on age-related blood pressure changes in this popu-
lation.
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