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Abstract

Background: Some longitudinal studies have shown that blood pressure tracks from adolescence to adulthood, yet
there is limited evidence regarding the predictive factors of adulthood hypertension during adolescence. This study
was conducted within the framework of the Tehran Lipid and Glucose Study (TLGS) to investigate the role of some
factors in adolescence, measured in the first examination (1999–2001), to predict adulthood hypertension in the 4th
examination (2009–2011).

Methods: Overall, 1579 subjects, aged 10–19 years, were used for the analysis of the current study. Mean age (SD)
of participants at the baseline was 14.2 (2.5) years and 55% of them were female. A forward stepwise approach (p-
value <0.2 for enter and >0.05 for removal) was considered to keep significant covariates among common variables
including gender, body mass index, waist circumference, wrist and hip circumferences, fasting blood sugar, triglycerides,
high density lipoprotein cholesterol, total cholesterol (TC), systolic (SBP) and diastolic blood pressure (DBP). Variance
inflation factor (VIF) showed some multicollinearity for anthropometric variables (VIFs between 3.5 and 10). Multivariable
logistic regression revealed that gender, blood pressure, wrist circumference and total cholesterol in adolescents are
important predictors for adulthood hypertension.

Results: The risk increased by 4% and 39% per each 10 mmHg and 1 mmol/L increase in SBP/DBP and TC, respectively;
additionally, females had a 70% lower risk. Among anthropometric variables, wrist circumference remained in the model,
with 50% per centimeter increase in the risk of hypertension.

Conclusions: Wrist circumferences and TC had significant roles in predicting hypertension through adolescence to
adulthood.
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Background
Hypertension is a major public health threat worldwide
and the leading cause of cardiovascular disease (CVD),
heart failure, end-stage renal disease, and premature mor-
tality. Atherosclerosis begins in early life and is taken into
account as a pediatric problem, making identifying and

management of CVD risk factors before adulthood crucial
[1–3].
A systematic review of longitudinal studies has illus-

trated blood pressure tracking from childhood to adult-
hood [4]. The associations between blood pressure in
early adulthood with childhood overweight and obesity,
family history of hypertension, low socioeconomic status
of parent and childhood blood pressure levels have been
illustrated in different studies [5–11]. Adolescent obesity
has also been associated with hypertension [12]. The risk
estimation of hypertension is essential to implement bet-
ter prevention and control programs. Hence, the deter-
mination of hypertension risk using some predictors in
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different age groups has been recommended [13]. Since
the predicting factors of adulthood hypertension during
adolescent ages are inconclusive and have not clearly
defined, in the present study we evaluated the effects of
adolescent anthropometric indices including body mass
index (BMI), waist circumference (WC), wrist and hip
circumferences along with some cardio metabolic risk
factors during these ages, including fasting blood sugar
(FBS), triglycerides (TG), high density lipoprotein
cholesterol (HDL-C), total cholesterol (TC), Glomerular
Filtration Rate (GFR) and systolic and diastolic blood
pressure (SBP and DBP, respectively), on the develop-
ment of adult hypertension.

Methods
Study population
Tehran Lipid and Glucose Study (TLGS) is community-
based prospective study being performed on a representa-
tive sample of an urban Iranian population from Tehran.
The study was initiated in 1999–2001 to estimate the
prevalence of non-communicable disease risk factors. The
study is ongoing and designed to continue and follow the
participants for at least 20 years on triennial basis. Ration-
ale and study design of TLGS has been discussed else-
where [14, 15].
Participants of the TLGS who attended both the first

(1999–2001) and 4th (2008–2011) examinations were
eligible for the present study. Of a total 2954 individuals,
aged 10–19 years, 170 were excluded due to missing
data at first examination. After excluding participants
with missing data on SBP and DBP at 4th examination
or lost to follow-up data (n = 1205), 1579 subjects were
considered for the current study. None of the selected
subjects had any kind of cancer and 41 had non-
ischemic cardiovascular disease who were not excluded.
Interval time from adolescence to adulthood (from 1st
exam to the 4th one in the TLGS) had a median of
10.5 years with an interquartile range of 9.5–11.3 years.
The Ethics Committee of the Research Institute for

Endocrine Sciences, Shahid Beheshti University of Med-
ical Sciences approved the design of the TLGS study,
and all participants provided with written informed
consent.

Measurements
Trained medical doctors and nurses collected the informa-
tion and samples according to the standard methods [14–
16]. Using digital scale (model 707, range 0.1–150 kg, Seca,
Hamburg, Germany), weight was measured in daylight
when scale was placed on a flat surface and calibrated to
zero before measurement and participant had not shoes
and minimally clothed; finally the value was recorded to
the nearest 100 g. Without shoes and in a standing pos-
ition, height was measured using tape meter (model 208

Portable Body Meter Measuring Devise; Seca), whilst the
shoulders were in a normal situation. Participants’ BMI
(Kg/m2) was calculated; and using un-stretched tape meter
and over light clothing, waist and hip circumferences were
measured at the umbilical level and at the widest girth of
the hip respectively, without any pressure to body surface,
and recorded to the nearest 1 cm. To measure wrist
circumference subjects held their anterior wrist surface
upward, without any tape-measure pressure over it; the
superior border of the tape was located just distal to the
prominences of radial and ulnar bones and circumference
was measured to the nearest 0.1 cm [17–19]. To avoid
subjective error, all measurements were taken by the same
person. Quality control mechanisms had been developed
for all measurements in TLGS to assure that data were
collecting uniformly over time. The process was adopted
from “ARIC” study [14–16].
Using a standard mercury sphygmomanometer cali-

brated by Iranian Institute of Standards and Industrial
Researches, blood pressure was measured on the right arm
at the heart level twice with at least a 30-s interval [20, 21],
while participants were in a relaxed sitting position. The
values were recorded in millimeters of mercury. Concern-
ing the circumference of the participant’s arm a pediatric,
regular adult, or large cuff were chosen (if appropriate). A
blood sample was drawn between 7:00 & 9:00 am after
12–14 hs overnight fasting. Samples were centrifuged
within 30–45 min of collection. All laboratory analyses
were performed at TLGS laboratory on the day of blood
collection. Serum glucose, TC, TG and HDL-C were mea-
sured by the enzymatic colorimetric method, using com-
mercial kits (Pars Azmoon, Tehran, Iran) and a Selectra II
auto analyzer (Vital Scientific, Spankeren, Netherlands).
For glucose, glucose oxidase, for TC cholesterol esterase
and cholesterol oxidase, and for TG, glycerol phosphate
oxidase was used. HDL-C was assayed after precipitation
of the apolipoprotein B containing lipoproteins with phos-
photungstic acid. To monitor the quality of laboratory
measurements, assayed serum controls at two different
concentrations were used. Intra- and inter-assay coeffi-
cients of variation (CVs) were both <2.2% for glucose,
1.8% for TC, 1.9% for TG and 2.9% for HDL-C at both
baseline and follow-up examinations.
Serum creatinine was measured using the photometric

Jaffe method (Pars Azmoon Kit, Tehran, Iran); intra-
assay CVs were 1.7%. Estimated glomerular filtration
rate (eGFR) was calculated by using equations of
Schwartz [22, 23].
The outcome, adult hypertension, was defined as SBP

>140 mmHg, DBP >90 mmHg, or taking antihypertensive
medications.
Hypertension in adolescent was defined as age, gender

and height specific blood pressure that was equal or
greater than 95th percentile [24, 25].
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Statistical analysis
All continuous data with normal distribution are shown
as mean (SD), skewed variables as median, inter-quartile
(IQ range), and categorical variables are expressed as
frequency (percentage). A t-test was used to evaluate the
difference between continuous variables. Difference for
categorical variables was assessed using Chi square test.
The Mann-Whitney test was applied for TG as a not
normally distributed variable.
Scatter plot with Loess-fitted line was used to show

the relationship between anthropometric measures at
adolescence with systolic and diastolic blood pressures
at adulthood. Logistic regression analysis was used to
study the effect of independent variables during adoles-
cence on hypertension in adulthood. Multicollinearity of
independent variables was checked via the variance in-
flation factor (VIF) statistic. A forward stepwise
approach was considered to keep significant covariates
among age, gender, BMI, waist, wrist, height and hip cir-
cumference, FBS, TG, HDL-C, TC, eGFR, SBP and DBP.
To be more conservative for negative confounding and
missing effective variables we considered a p-value of
<0.2 for entry and a p-value of >0.05 for removal. The
Area Under the Curve (AUC) and Hosmer-Lemeshow
goodness of fit test were considered as discrimination
and calibration indices of the model.
We calculated the probability of being lost to follow-

up for each subject based on his/her baseline character-
istics; it is a kind of propensity score (PS) estimated by
logistic regression model [26]. To correct the lost to
follow-up bias, we forced the PS into the model as a co-
variate. We also forced age at 4th examination into the
model.

All interactions between sex and potential risk factors
were checked; there was no significant interaction and a
pooled gender analysis was implemented to improve the
power.
All analysis was executed using SPSS 20 statistical

software.

Results
Mean (±SD) age of participants at baseline was 14 (±2.53)
years and 55% of them were female. Included and excluded
participants (for missing data) had no differences in charac-
teristic at baseline, except for clinically negligible, albeit sta-
tistically significant, differences in gender, TG and eGFR
variables (Table 1). Baseline characteristics of adolescent
participants according to their adulthood hypertension are
shown in Table 2.
It was ascertained that during 10 years of follow up, 65

out of 1579 adolescents developed hypertension in their
adulthood, indicating a cumulative incidence of 0.04
(95% CI: 0.03–0.05). Of these, 5 (7.7%) were using hyper-
tension drugs and others (92.3%) had systolic and/or dia-
stolic hypertension as unknown hypertensive subjects.
Individuals with early adulthood hypertension were

one year older at baseline with higher BMI, WC, wrist
and hip circumference. They also had higher level of
SBP, DBP, TGs and TC; VIF values showed low level of
co-linearity for most independent variables, except for
the anthropometric ones, in which the range of VIFs
was 3.5 to 10.
Multivariable logistic regression with forward stepwise

method revealed that among independent variables, the
most important ones with significant effects on early
adulthood hypertension were gender, adolescent blood

Table 1 Baseline characteristics of the TLGS adolescents among included and excluded participants

Excluded participants
(N = 1375)

Included participants
(N = 1579)

P-value

Age, y 14.03(2.53) 14.16(2.50) 0.16

Female, n (%) 657(47.8) 874(55.4) <0.001

Body Mass Index, kg/m2 19.85(4.40) 20.0(4.22) 0.36

Waist circumference, cm 68.74(11.05) 68.60(10.28) 0.73

Wrist circumference, cm 15.30(1.43) 15.27(1.38) 0.78

Hip circumference, cm 85.47(11.97) 86.22(11.75) 0.09

Systolic blood pressure, mm Hg 105.3(12.0) 105.0(11.6) 0.42

Diastolic blood pressure, mm Hg 71.3(9.3) 70.8(9.1) 0.15

Fasting blood glucose, mmol/L 4.93(0.68) 4.90(0.44) 0.19

Total cholesterol, mmol/L 4.34(0.86) 4.37(0.83) 0.43

Triglyceridea, mmol/L 1.05(0.70) 1.09(0.70) 0.01

High density lipoprotein, mmol/L 1.12(0.27) 1.12(0.28) 0.93

Glumerolar Filteration Rate ml/min/1.73 m2 111.37(16.0) 110.11(15.78) 0.03

Mean (SD) shown for continuous variables and P value calculated with t-test; % shown for categorical variables with P value according to chi-square
aTriglyceride was shown as median (inter-quartile range) and P value according to Mann-Whitney test
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pressure, wrist circumference and total cholesterol. Fe-
males had a 70% lower risk; each 10 mmHg increase in
systolic and diastolic blood pressure increased the risk
by 4 and 3% respectively, and each 1 mmol/L increase in
TC increased the risk of hypertension by 39%. Among
anthropometric variables, only wrist circumference with
50% per centimeter increase in risk of hypertension
remained in the model (Table 3). An AUC of 0.84 (95%
CI: 0.79–0.89) and a Hosmer-Lemeshow chi2 of 4.3 (p-
value = 0.83) showed a good performance of the model.
Figure 1 shows scatter plots for association of systolic

and diastolic blood pressure in early adulthood with waist,

wrist and BMI in adolescence. The line of best fit (Loess
methods) shows linear association between anthropomet-
rics and blood pressure, with the association between SBP
and wrist circumference being more obvious (less spher-
oid pattern and significant slip, Pearson’s correlation coef-
ficient of 0.38, p < 0.001).

Discussion
Hypertension is a crucial modifiable risk factor of mortality
and morbidity originating in childhood [27]. Early identifi-
cation of the population at risk, would make it possible to
identify and modulate the risk factors and underlying
causes. In this study we evaluated several potential adoles-
cent risk factors for adult hypertension in a cohort of ado-
lescents followed for about 10 years. To the best of our
knowledge, this is the first study that has introduced serum
TC and wrist circumferences as risk factors of hypertension
in early adulthood.
The association of childhood adiposity with several

CVD risks like hypertension, hyperlipidemia and diabetes
mellitus in adulthood has been reported in many studies
[5, 7–10, 28–32].
In the Bogalusa [7], Muscatine [8] and YFS [10] cohorts,

childhood adiposity was a predictor of diabetes and low
HDL. In the Bogalusa and CDAH [9] cohorts, an association
was observed between BMI in childhood and Low Density
Lipoprotein (LDL) levels; in all of these large studies there
was a significant correlation between hypertension and tri-
glyceride levels. In our cohort study, serum TC and TG
concentrations during adolescence were significantly corre-
lated with adulthood hypertension in univariable analysis (P

Table 2 Baseline characteristics of the TLGS adolescents (1999–2001) by their hypertension occurrence in adulthood (2008–2011)

Non- hypertension
(N = 1514)

Hypertension
(N = 65)

P-value VIFa

Age, y 14.12(2.50) 15.11(2.26) 0.002 2.24

Female, n (%) 862(56.9) 12(18.5) <0.001 2.85

Body Mass Index, kg/m2 19.83(4.04) 24.05(5.96) <0.001 7.20

Waist circumference, cm 68.16(10.21) 78.85(14.40) <0.001 5.57

Wrist circumference, cm 15.21(1.34) 16.72(1.43) <0.001 3.48

Hip circumference, cm 85.90(11.62) 93.85(12.17) <0.001 9.29

Systolic blood pressure, mm Hg 104.5(11.3) 115.7(13.7) <0.001 1.80

Diastolic blood pressure, mm Hg 70.6(9.1) 76.6(9.2) <0.001 1.54

Fasting blood glucose, mmol/L 4.90(0.44) 4.90(0.47) 0.74 1.05

Total cholesterol, mmol/L 4.35(0.81) 4.70(1.06) 0.002 1.42

Triglyceridesa, mmol/L 1.10(0.70) 1.19(0.86) 0.04 1.30

High density lipoprotein, mmol/L 1.12(0.27) 1.09(0.26) 0.34 1.35

Glumerolar Filteration Rate ml/min/1.73 m2 109.96(15.78) 113.54(15.64) 0.80 1.75

Adolescent hypertension, yes (%) 78(5.5) 11(16.9) <0.001 1.23

Mean (SD) shown for continuous variables and P value calculated with t-test; % shown for categorical variables with P value according to chi-square; TG was
shown as median (inter-quartile range) and P value according to Mann-Whitney test
aVIF when all covariates are in the model

Table 3 Odds Ratios (95% CIs) of significant variables in
adolescence for hypertension events in adulthood

Independent variable OR (95% CI) P-value

Model 1

Age at 4th exama, years 1.02(0.91–1.15) 0.69

Gender, female 0.31(0.15–0.64) 0.001

Systolic blood pressure, 10 mmHg 1.03(1.01–1.06) 0.02

Diastolic blood pressure, 10 mmHg 1.04(1.01–1.08) 0.02

Wrist, cm 1.50(1.18–1.89) 0.001

Total cholesterol, mmol/L 1.39(1.06–1.84) 0.02

Propensity scorea, % 1.01(0.99–1.03) 0.15

A forward stepwise approach was considered to keep significant covariates
among gender, BMI, waist, wrist and hip circumference, FBS, TG, HDL-C, TC,
eGFR, SBP and DBP with a p-value of <0.2 for enter and >0.05 for removal
The AUC of the model was 0.84 (95% CI: 0.79–89) and its Hosmer-Lemeshow
chi2 was 4.3 (p = 0.83)
aAge at 4th examination and propensity score for follow-up was forced into
the model
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< 0.05); an association however was not demonstrated for
FBS and HDL-C. Our results only showed a significant cor-
relation between adolescent TC and adulthood hypertension
using multivariable analysis. It was demonstrated that for
each 1 mmol/L increase in TC during adolescence the risk
of adult hypertension increased by 39%.
The relationship between elevated blood pressure and

weight begins in early childhood. Obesity can progres-
sively raise blood pressure by altering cardiac output,
cardiac systolic and diastolic function, renal pressure
natriuresis [33] and sympathetic nervous system and
renin-angiotensin-aldosterone system activation [34]. In
a retrospective study of a large cohort of subjects aged
between 2 and 29 years, systolic and diastolic blood
pressure increased with increasing BMI in all age groups

[35]. In another study conducted on 530 children from
birth to three years of age, increasing weight in the first
six months of life were associated with higher systolic
blood pressure at three years of life [36]. Contrary to
these findings, a report from the Bogalusa Heart study
on a cohort of 11,478 children revealed that mean
systolic and diastolic blood pressure levels did not in-
crease despite a rise in the prevalence of obesity from 6
to 17% over the 19 year follow up period [37].
Hu et al. [38] reported that increased BMI and WC and

their combination in particular were directly associated with
high blood pressure in 1145 Chinese school children, aged
7–17 years. Flodmark et al. [39] in their survey of a sample
of obese Swedish children showed that WC was significantly
correlated with atherogenic risk factors. In another large

Fig. 1 Scatter plot between systolic blood pressure and BMI (a), waist circumference (b), wrist circumference (c) and diastolic blood pressure and
BMI (d), waist circumference (e), wrist circumference (f) along with a line of best fit (Loess methods)

Kalantari et al. BMC Public Health  (2017) 17:915 Page 5 of 8



scale study conducted on 78,000 children in China, BMI
and WC were positively correlated with SBP and DBP, and
central obesity was found to have a stronger association with
the risk of hypertension than BMI [40].
The present study consistent with data of others,

reported a linear correlation between SBP and DBP in
early adulthood with WC and BMI in adolescents; these
anthropometric indexes were higher significantly in
hypertensive compared to normotensive adults [33, 34,
41]. Due to substantial collinearity among anthropomet-
ric measurements, these two measurements, along with
hip circumference, did not remain in the model in the
presence of wrist circumference, indicating the import-
ance of wrist in the prediction of hypertension compared
to the other measures. However, we repeated the ana-
lysis for each anthropometric variable separately and
compared the discrimination and calibration of the
models. The results were the same for discrimination
but the calibration was better for the model including
wrist circumference; in the models including other an-
thropometrics, total cholesterol did not remain in the
model (Additional file 1: Tables S1-S3). Since the multi-
collinearity for wrist was less than that for other an-
thropometrics, we also considered wrist with one of the
other anthropometrics each time; still wrist remained in
the model and the other anthropometric was removed
by stepwise method.
Wrist circumference has not been measured and con-

sidered as a predictor of adulthood hypertension in any
study ever published. Our findings indicated that wrist
circumference in adolescence had a linear correlation
with DBP and SBP in adulthood. Capizzi et al. [42] in a
study conducted on 477 overweight/obese children and
adolescents (mean age 10.3) detected a close relationship
among wrist circumference, its bone components, and
insulin resistance in overweight/obese children and ado-
lescents, suggesting new perspectives for CVD predic-
tion and an easy to measure clinical marker of insulin
resistance, which can be used to identify young individ-
uals at high risk for cardiovascular diseases.
Similar results have been recently documented in

adults as well; in a cohort study of 3642 adult women, it
was shown that wrist is an independent risk factor of in-
cident hypertension and CVD events [43]; Amini et al.
reported wrist circumference as a clinical marker to
identify individuals at risk of cardiometabolic disorders
[44]; Jahangiri-Noudeh et al., in a population aged
≥20 years, detected a predictor role of wrist circumfer-
ence for future development of diabetes in both genders,
a finding that remained significant even after controlling
for BMI or WC among females [18]. Additionally, wrist
circumference, considered as a measure of peripheral fat
distribution and skeletal frame size in children [45, 46]
was not severely confounded by body fat variation [47].

Childhood blood pressure has been reported as a pre-
dictor of adulthood hypertension in many studies [5, 29,
41, 48, 49]. In agreement with current data, we also
showed that the magnitude of blood pressure in adoles-
cents predicts future hypertension in adulthood. We
demonstrated that for each 10 mmHg increase in sys-
tolic or diastolic childhood blood pressure the risk of
adult hypertension increased by 3% in our study group.
Gender has also been reported to be associated with

hypertension in childhood and in later life by some stud-
ies; a Canadian study on a cohort of 1267 adolescents
demonstrated a greater prevalence of higher SBP in boys
than girls as they approach adulthood [50]. Field et al.
[32] conducted a prospective study on 314 children with
an age range of 8–15 years at baseline and followed
them for 8–12 years, incidence of elevated blood pres-
sure was higher among male subjects (12.3% vs. 1.9%);
in line with these studies, we also reported adolescent fe-
males as having a 70% lower risk for development of
SBP and DBP.
Since some studies have demonstrated the effect of

adolescent’s height on blood pressure [24, 25], in a fur-
ther analysis we adjusted it in the model but the results
did not change (data not shown). At baseline, 89 adoles-
cents had age- gender- and height-specific hypertension
that none of them used any medication. Considering the
difference in the definition of hypertension in adoles-
cence and adults, we could not exclude those adoles-
cence from our analyses. Moreover, only 11 of those 89
subjects (12%) had developed early adulthood hyperten-
sion and adjustment for adolescent hypertension in the
final model did not change the results (data not shown).
Consequently, the effect of blood pressure in adoles-
cence on hypertension in adulthood was determined
without any restriction in all ranges of blood pressure at
baseline.
To mention the strengths and limitations of our study,

regarding the latter, we may not be able to generalize our
findings to other populations and propose that our results
hence be appraised in other countries in different ethnic
groups. Although family history of hypertension and socio-
economic status have been cited to have association with
adulthood hypertension, as a limitation of our study we did
not have a reliable report in this regard. We also did not
have any data regarding dietary habit, however it’s inter-
mediate variables including BMI, WC, FBS, TG, TC and
blood pressure have been included in the analyses. As
strengths, we followed a large cohort of adolescents for
10 years to determine the predictive value of some variables
for the incidence of hypertension in their adulthood. Al-
though a part of our participants have been excluded be-
cause of missing data or being lost to follow-up, there was
no clinically important difference between included and ex-
cluded subjects regarding studied variables at baseline.
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Conclusions
Regarding the importance of early identification of at risk
population, we found that wrist circumference, as a simple
and easy-measurable anthropometric index, besides adoles-
cent total cholesterol and blood pressure, can be used as
predictors of adulthood hypertension in adolescents.

Additional file

Additional file 1: Table S1. Odds Ratios (95% CIs) of significant
variables in adolescence for hypertension events in adulthood,
considering BMI as anthropometric variable. Table S2. Odds Ratios (95%
CIs) of significant variables in adolescence for hypertension events in
adulthood, considering waist circumference as anthropometric variable.
Table S3. Odds Ratios (95% CIs) of significant variables in adolescence
for hypertension events in adulthood, considering hip circumference as
anthropometric variable. (DOCX 16 kb)
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