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Abstract

Introduction Obesity is well recognized to be an important

risk factor for hypertension (HTN), but it is not clear which

obesity indices have stronger association with HTN.

Aim To evaluate the ability of different obesity indices,

including visceral adiposity index (VAI), hypertriglyceri-

demic-waist (HTGW) phenotype, a body shape index

(ABSI), body mass index (BMI), waist circumference

(WC), waist-to-height ratio (WHtR) and waist-to-hip ratio

(WHR) as possible hypertension (HTN) predictor in a high-

risk population.

Methods Seven years follow-up data in first-degree rela-

tives of consecutive patients with type 2 diabetes aged

30–70 years without diabetes and HTN with at least one

follow-up examination (n = 1417) were analysed. Dis-

criminatory capabilities were examined using the receiver

operating characteristic (ROC) curve. Logistic regression

analysis was performed to determine the strength of asso-

ciation between obesity indices and HTN.

Results Among the indices, the highest quintile compared

with the lowest quintile of WHtR and WC was more

strongly associated with HTN in age and sex adjusted

models [odds ratio (95% CI); WHtR: 4.02 (2.36, 6.85) and

WC: 3.26 (2.05, 5.20)]. Those with HTGW phenotype was

2.3 (1.54, 3.35) times more likely to develop HTN than

those with normal WC normal triglyceride. On ROC curve

analysis, WHtR (63.1%; 59.6, 66.7) and WC (61.7%, 58.0,

65.4) had the higher area under the ROC.

Conclusions Although higher values of VAI, BMI, WHR

and HTGW were associated with the risk of HTN, WHtR

and WC was more strongly associated with the develop-

ment of HTN, while the ABSI showed weaker association.

Keywords Visceral adiposity index �
Hypertriglyceridemic-waist � Hypertension � A body shape

index � Anthropometry � First-degree relatives � Incidence �
Risk factor

1 Introduction

As hypertension (HTN), the most important risk factor for

cardiovascular disease, is rapidly increasing in prevalence,

it is important to identify high risk individuals early to

select persons who need further evaluation. Multiple risk

factors are related to HTN, including age, genetic predis-

position, unhealthy diet, physical inactivity, and obesity.

Obesity is well recognized to be an important risk factor for

HTN [1] and increasing in prevalence worldwide.

Numerous epidemiological studies have examined the

relationship between different indicators of obesity and

HTN [1–8]. Nevertheless, because anthropometric mea-

sures such as body mass index (BMI), waist circumference

(WC), waist-to-hip ratio (WHR), waist-to-height ratio

(WHtR), and a body shaped index (ABSI) [9], a recently

proposed index that standardizes WC for BMI and height,

cannot fully distinguish visceral fat from subcutaneous fat,

and hypertensive risk is thought to be related to visceral fat

rather than subcutaneous fat [10], visceral lipid accumu-

lation defined as the visceral adiposity index (VAI) (a

mathematical model that combines WC, BMI, triglycerides
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(TG), and high-density lipoprotein cholesterol (HDLC)

[11]), hypertriglyceridemic-waist (HTGW) phenotype (a

combination of abdominal obesity and elevated fasting TG

[12]) and lipid accumulation product (a combination of

WC and TG [13, 14]) has been established to distinguish

visceral fat from subcutaneous fat. However, it is not clear

which of these obesity indices have stronger association

with HTN, despite years of research.

Therefore, the objective of this ongoing longitudinal

study was to assess the clinical usefulness of different

obesity indices in predicting incidence of HTN in an Ira-

nian high-risk population without HTN and diabetes, and to

compare the predictive ability of VAI, HTGW, ABSI, and

other easily measureable anthropometric markers.

2 Methods

Data were drawn from the Isfahan Diabetes Prevention

Study (IDPS), which was explained in detail before [15]. In

brief, IDPS, initiated in 2003, is an ongoing cohort study of

subjects with family history of type 2 diabetes (T2D) in

central Iran to assess the various potential risk factors for

diabetes. At baseline, our sample consist of 3483 (919 men

and 2564 women) first-degree relatives (FDR) of consecu-

tive patients with T2D. All patients were attendees at clinics

at Isfahan Endocrine and Metabolism Research Center,

which is part of Isfahan University of Medical Sciences,

Iran. The study was conducted between the years 2003 and

2005. At the time of each examination, they had anthro-

pometric measurements and laboratory tests including a

standard 75 g 2-h oral glucose tolerance test (OGTT), and

also completed a questionnaire on their health status and on

several possible risk factors of diabetes. Participants were

followed-up consistent with standard of medical care in

diabetes [16] to apprise information on demographic,

anthropometric, and lifestyle factors and on newly diag-

nosed diabetes and HTN. If OGTT was normal at baseline,

then repeat testing was carried out at least at 3-year times.

Otherwise, repeat testing was usually carried out every year.

2.1 Ethics Statement

This study approved by the Isfahan University of Medical

Sciences ethical committee. All participants gave written

informed consent.

2.2 Follow-Up and Ascertainment of HTN

Of the 3483 participants who took part at baseline, 2066

were eliminated for one or more of the following reasons at

baseline: prevalent T2D (n = 329), or prevalent HTN

(n = 632) and 969 did not attend follow-up examinations;

a further 138 participants who accomplished follow-up but

had missing data on BP and VAI components were also

eliminated, resulting in 1417 participants who completed

the study. The mean age [standard deviation (SD)] of

participants was 42.6 (6.4) (range 30–70) years and all of

them had at least one succeeding review during a mean

(SD) follow-up period of 7.3 (2.1) (range 1–10) years.

Pregnant women were eliminated (Fig. 1).

2.3 Measurements

At baseline and at follow-ups, data on age, sex, body mass,

hemoglobin A1c (HbA1c), total cholesterol (TC), low-

density lipoprotein cholesterol (LDLC), HDLC, TG, BP,

and family and personal medical history was stored. At

baseline and at follow-ups, the same methodology was

used. The participants were siblings and children of

patients with T2D. They were requested to refrain from

strong exercise in the evening before and in the morning of

their visit when they reported to clinics in the morning after

N= 329 exclude 
because of diagnosis 
of T2D at baseline

N=2,522 without 
T2D and 
hypertension

N=969 did not attend any 
follow-up examination

N= 1,555 without T2D 
and hypertension
attended at follow-up 

N= 138 with missing data on blood 
pressure and VAI components

N=1,417 finally 
included

N= 632 exclude because 
of diagnosis of 
hypertension at baseline

N=3,154 
without T2D

Fig. 1 Flow diagram of inclusion and exclusion criteria in the

Isfahan Diabetes Prevention Study. A total of 1417 individuals were

finally included
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an overnight fast. Smokers were stimulated to refrain from

smoking in the morning of the investigations.

Firstly, on arrival at the clinic, the information provided

by the participants in the questionnaire on family history

was checked. Then, height, weight, WC and hip circum-

ference (HC) were assessed without shoes and heavy

cloths, using standard device and recorded to the nearest

0.1 kg and 0.5 cm. The WC was determined midway

between the lower rib margin and the iliac-crest at the end

of gentle expiration in the upright position. Hip circum-

ference was determined over the greater trochanters

directly over the underwear. BMI was calculated as the

weight (kg)/height2 (m2). Resting systolic (phase I) and

diastolic (phase V) BP were recorded at each examination

by a physician with the participants in a sitting position

with their legs uncrossed, upon resting in this position for

at least 10 min, using a mercury column sphygmo-

manometer and appropriately sized cuffs. Average BP was

calculated from the two consecutive measurements. A

blood sample was drawn between 7.00 and 9.00 AM. FPG

was assessed by the glucose oxidase method. T2D was

defined as FPG C200 mg/dl, pharmacological treatment,

or two FPG was C126 mg/dl [17]. Those with FPG

\126 mg/dl went through a standard OGTT (75 g glucose

2-h) at baseline and follow-up visits. Venous blood was

sampled 0, 30, 60, and 120 min. after oral glucose

administration. According to the eight Joint National

Committee (JNC-8) guidelines [18], HTN was defined if

BP was C140/90 mmHg, or using antihypertensive agents.

HbA1c, TC, TG, HDLC, LDLC were recorded. The

LDLC levels were calculated with the Friedewald Equa-

tion [19]. Non-HDLC was calculated by subtracting HDLC

from TC. All the blood analyses were performed at the

central laboratory of the Isfahan Endocrine and Metabo-

lism Research Center on the day of blood collection using

enzyme-linked method.

2.4 Definitions

VAI was calculated as:

VAI (men) = [WC/39.68 ? (1.88 9 BMI)] 9 (TG/

1.03) 9 (1.31/HDLC).

VAI (women) = [WC/36.58 ? (1.89 9 BMI)] 9 (TG/

0.81) 9 (1.52/HDLC) [11]. ABSI was defined as:

ABSI = WC/(BMI2/3height1/2) with WC and height in m

[9]. The HTGW phenotype was defined as the simultane-

ous presence of WC C102/88 cm in men/women and

TG C150 mg/dl for both sexes [12].

2.5 Analysis

Participants were followed until the occurrence of HTN,

the date of the last completed follow-up, death, or end of

follow-up on March 21, 2014, whichever event occurred

first. We used the exam visit date that a new case of HTN

was recognized as the date of diagnosis. Statistical methods

included the following: Student’s t test or Mann–Whitney

U test, one-way analysis of variance (ANOVA) or the

Kruskal–Wallis test for continuous variables, the Chi-

squared test, Pearson correlation or Spearman’s rank cor-

relation, binary logistic regression and receiver operating

characteristic (ROC) curves.

Differences between more than two groups were

estimated using one-way ANOVA with Benferroni post

hoc test. Pearson correlation analysis or Spearman’s rank

correlation was used to examine the linear relationships

between anthropometric variables after holding the effect

of age and sex constant. Univariate and multivariate

binary logistic regression equations to identify predictors

of new-onset HTN were used. We did not adjust for

BMI, WC, TG, and HDLC which are components of the

VAI, ABSI and HTGW and therefore not appropriate to

be adjusted for prediction models already incorporating

VAI, ABSI, or HTGW. The continuous anthropometric

indices were re-coded into quintiles and compared the

risk of developing HTN in each quintile with the lowest

category of risk (reference group). To test the signifi-

cance of HTGW as a predictor of HTN incidence, the

HTN incidence was calculated according to the four

phenotype groups and compared the risk of developing

HTN in each group with the normal waist normal TG

group (reference group). The ability of VAI, ABSI, WC,

BMI, WHtR, and WHR to predict the HTN incidence

was examined with ROC curves and their respective

areas under the curve, in which sensitivity was plotted as

a function of 1-specificity. The area under the ROC

curve is a global summary statistic of the discriminative

value of a model, describing the probability that the

VAI, ABSI, WC, BMI, WHtR, and WHR is higher in an

individual developing than in an individual not devel-

oping HTN. The area under the ROC curve was used as

an index of global test performance of VAI, ABSI, WC,

BMI, WHtR, and WHR for identification of HTN across

the entire range of values, with an area under the curve

of 0.5 indicating no discrimination ability. Convention-

ally, an area under the curve of 0.90 or more is con-

sidered excellent, values between 0.80 and 0.90 regarded

as good, between 0.70 and 0.80 indicate of fair test

performance, and values between 0.50 and 0.70 viewed

as poor. Areas under the ROC curves was calculated and

compared by a non-parametric test [20]. The general

linear model was used to compare age-adjusted means.

The SPSS software version 18 for Windows [SPSS Inc.,

Chicago, IL, USA) were used for data analysis. Reported

P values are two-tailed, and P\ 0.05 were considered to

be statistically significant.
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3 Results

3.1 Characteristics

Most of the baseline characteristics of individuals who did

not return for the follow-up visit (non-respondents), such as

age, height, weight, BMI, WC, HC, WHR, WHtR, LDLC,

TC, TG, systolic BP and obesity were similar to those who

attended the follow-up visits (data not shown). However,

non-respondents had slightly lower FPG (95.4 mg/dl vs.

107.5 mg/dl; P\ 0.001), plasma glucose (PG) at 30 min.

(143.0 mg/dl vs. 155.9, P\ 0.001), 60 min. (148.0 mg/dl

vs. 165.1, (P\ 0.001), and 120 min. (119.2 mg/dl vs. 136.1,

P\ 0.001), levels of HbA1c (5.0 vs. 5.3%, P\ 0.001),

diastolic BP (72.0 mmHg vs. 74.7, P\ 0.001), and higher

HDLC (46.4 mg/dl vs. 45.4, P\ 0.05) than respondents.

A total of 281 (19.8%) incident cases of HTN occurred

during 10,675 person-years of follow-up. Participants on

average were overweight with a mean (SD) BMI of 28.6

(4.1) kg/m2. Baseline characteristics of the 281 (19.8%)

Table 1 Age, age-adjusted

mean (SE) and proportion

characteristics of selected

baseline characteristics in 281

first-degree relatives of patients

with type 2 diabetes who did

and 1136 who did not develop

hypertension

Variables Progressed to hypertension Did not progress to hypertension

Mean (SE) Mean (SE)

Age (year) 44. 8 (0.38) 42.0 (0.19)***

Height (cm) 159.3 (0.50) 159.7 (0.24)

Weight (kg) 75.5 (0.69) 72.1 (0.34)***

Body mass index (kg/m2) 29.7 (0.24) 28.3 (0.12)***

Waist circumference (cm) 90.8 (0.55) 87.5 (0.27)***

Waist-to-hip ratio 0.83 (0.004) 0.82 (0.002)*

Hip circumferences (cm) 109.2 (0.52) 106.4 (0.26)***

Waist-to-stature ratio 0.57 (0.003) 0.55 (0.002)***

A body shape index 0.075 (0.00) 0.075 (0.00)

Follow-up duration (year) 7.9 (0.13) 7.2 (0.06)***

Systolic BP (mmHg) 115.0 (0.66) 109.5 (0.32)***

Diastolic BP (mmHg) 74.2 (0.54) 71.4 (0.26)***

Fasting plasma glucose (mg/dl) 95.7 (0.71) 95.0 (0.35)

Plasma glucose 30 min (mg/dl) 147.6 (1.92) 141.5 (0.95)**

Plasma glucose 60 min (mg/dl) 151.6 (2.61) 146.5 (1.28)

Plasma glucose 120 min (mg/dl) 121.2 (1.98) 118.3 (0.98)

HbA1c (%) 5.0 (0.05) 5.0 (0.02)

Triglyceride (mg/dl) 174.3 (5.44) 155.3 (2.67)**

Cholesterol (mg/dl) 196.1 (2.32) 193.8 (1.14)

HDL cholesterol (mg/dl) 45.0 (0.74) 45.6 (0.36)

LDL cholesterol (mg/dl) 116.9 (2.10) 118.3 (1.01)

Non-HDLC (mg/dl) 150.6 (2.24) 148.3 (1.08)

Visceral adiposity index 3.1 (0.12) 2.7 (0.06)**

% %

Women 75.2 75.6

Normal weight (BMI\25 kg/m2) 11.1 19.6***

Overweight (BMI 25–29.9 kg/m2) 47.3 50.0***

Obese (BMI C30 kg/m2) 41.6 30.4***

Abdominal obesity, no. (%) 46.4 32.4***

Normal waist normal triglyceride 26.7 44.1***

Normal waist high triglyceride 27.4 24.0***

Enlarged waist normal triglyceride 23.8 17.4***

Hypertriglyceridemic-waist 22.1 14.6***

Data are expressed as mean (SE) or %. Age-adjusted means were calculated using general linear models.

Differences in the mean or percentage values of variables between hypertensive and non-hypertensive

HDL high-density lipoprotein, LDL low-density lipoprotein, BP blood pressure, Non-HDLC non-high-

density lipoprotein cholesterol

* P\ 0.05, ** P\ 0.01, *** P\ 0.001
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participants who did and 1136 (80.2%) who did not pro-

gress to HTN are shown in Table 1. As expected, partici-

pants who progressed to HTN were older and had higher

age-adjusted mean weight, BMI, WC, WHtR, WHR, HC,

follow-up duration, systolic and diastolic BP, PG at

30 min, higher TG, and VAI at baseline and a higher

proportion of obesity and HTGW.

The mean (SD) age was 44.8 (6.9) years for those pro-

gress to HTN and 42.0 (6.2) years for those who did not

progress to HTN. The 22.1% of those progressed to HTN

and 14.6% of those did not progress to HTN were HTGW

at baseline.

The correlation coefficients between various obesity

indices are shown in Table 2. All obesity indices showed

positive correlation with each other (P\ 0.001). The

strongest correlation coefficients were found between

WHtR and WC and the weakest ones were between BMI

and VAI.

3.2 Association with HTN

The risk of HTN increased with increasing quintiles of

WHtR, WC, BMI, VAI, WHR, and ABSI (Table 3). The

highest quintile of WHtR, WC, BMI, WHR, VAI, and

ABSI compared with the lowest quintile was associated

with HTN in age and sex adjusted models [OR (95% CI);

WHtR: 4.02 (2.36, 6.85), WC: 3.26 (2.05, 5.20), BMI: 2.79

(1.79, 4.35), WHR: 2.61 (1.46, 4.67), VAI: 1.65 (1.07,

2.55), and ABSI: 1.37 (0.81, 2.31)]. WHtR and WC had the

strongest association with HTN. ABSI had the smallest OR

in age- and sex-adjusted models. Controlling for sex did

not alter the OR compared to the unadjusted model. Further

controlling for age and FPG did no appreciably alter the

associations.

The ROC curves for the HTN incidence for WHtR, WC,

BMI, VAI, WHR, and ABSI are shown in Fig. 2. The areas

under the ROC curves (95% CI) were 0.631 (0.596, 0.667)

for WHtR, 0.617 (0.580, 0.654) for WC, 0.594 (0.555,

0.632) for BMI, 0.569 (0.532, 0.607) for WHR, 0.560

(0.521, 0.600) for VAI, and 0.556 (0.517, 0.594) for ABSI.

All parameters were significant predictors for future risk of

HTN (P\ 0.001). The global null hypothesis of all indices

having the same area under the curve was not rejected

(P[ 0.05). WHtR and WC had the largest areas under the

curve, although differences were small with overlapping

95% CI.

4 Discussion

This study revealed that although VAI, ABSI, BMI, WHR

and HTGW could be alternative indices to predict HTN;

WHtR and WC appeared to be stronger predictors and

further emphasizing the usefulness of WHtR and WC in

predicting HTN. This observation was confirmed by the

results from logistic regression and ROC curve analysis.

The area under the ROC curve for all of the obesity indices

were close to 0.5, which means the relatively lower pre-

dictive discriminatory power. The ABSI, VAI, and WHR

had lower areas under the curve values than WHtR, WC,

and BMI, although the difference were small, with over-

lapping 95% CI. To the best of our knowledge, this is the

first cohort study to comparing the association between

different indicators of obesity including visceral and sub-

cutaneous lipid accumulation and risk of HTN. The results

of epidemiological studies that reported the ability of

anthropometric indices are inconsistent. Similar to our

findings, in systematic review and meta-analysis studies of

the association of anthropometric measures and incidence

of HTN reported that the ability of WHtR and WC in

identifying HTN risk was superior to other anthropometric

indices in both sexes in various nationalities and ethnic

groups [21–25]. Several studies also provided inconsistent

results about the best discriminators for the diagnosis of

HTN among obesity indices. For example, Yusuf et al.

found WHR more predictive of myocardial infarction than

BMI in a case control study of participants from 52

countries [26]. Another cross-sectional study of American

adults [27] found WC was associated with HTN after

adjusting for BMI. In Chinese cross-sectional [3, 28]

studies the BMI, WC and WHR was similarly associated

with increased risk of HTN. A longitudinal study of

Mauritians also found BMI and indicators of abdominal

obesity equally predictive of incident HTN [29]. In a study

of Portuguese adolescents, BMI showed the expected

positive association with BP but the ABSI showed a neg-

ative association with BP [30]. Our findings are also con-

sistent with the Cheung study showing that the ABSI was

associated with development of HTN [31], although the

predictive power was no better than other anthropometric

indices. Fujita et al. [32] found elevated BMI and WC, but

not higher ABSI, also increased the risk of HTN. Our

Table 2 Age- and sex-adjusted correlation coefficients among adi-

posity parameters

VAI WC BMI WHtR WHR ABSI

VAI 1.00 0.211* 0.141* 0.210* 0.207* 0.156*

WC 1.00 0.851* 0.936* 0.603* 0.353*

BMI 1.00 0.860* 0.263* -0.149*

WHtR 1.00 0.582* 0.340*

WHR 1.00 0.692*

VAI visceral adiposity index, WC waist circumference, BMI body

mass index, WHtR waist-to-height ratio, WHR waist-to-hip ratio,

ABSI a body shape index

* P\ 0.001

Obesity Indices and Risk of Hypertension
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Table 3 Incidence rates and odds ratio (OR)a of hypertension by visceral adiposity index quintile and four hypertriglyceridemic-waist phe-

notype groups, The Isfahan Diabetes Prevention Study

1st quintile 2nd quintile 3rd quintile 4th quintile 5th quintile

Visceral adiposity index at baseline

Incidence/1000 person-year (95%

CI)

20.8 (15.0,

28.0)

22.9 (16.8, 30.3) 22.2 (16.2, 29.7) 28.7 (21.8, 37.0) 33.8 (26.3, 42.9)

Odds ratio (95% CI)

Unadjusted 1.00 1.10 (0.69, 1.73) 1.06 (0.67, 1.68) 1.45 (0.93, 2.25) 1.75 (1.14, 2.70)*

Sex adjusted 1.00 1.10 (0.69, 1.73) 1.06 (0.67, 1.68) 1.45 (0.93, 2.25) 1.75 (1.14, 2.69)*

Age and sex adjusted 1.00 1.08 (0.68, 1.71) 1.01 (0.63, 1.61) 1.33 (0.85, 2.08) 1.65 (1.07, 2.55)*

Age, sex, and FPG adjusted 1.00 1.07 (0.68, 1.70) 1.00 (0.63, 1.60) 1.32 (0.85, 2.07) 1.65 (1.06, 2.55)*

A body shape index at baseline

Incidence/1000 person-year (95%

CI)

21.4 (15.7,

28.6)

21.9 (16.2, 29.0) 25.1 (18.9, 32.7) 28.7 (21.8, 37.0) 33.9 (26.3, 42.9)

Odds ratio (95% CI)

Unadjusted 1.00 0.98 (0.63, 1.54) 1.17 (0.76, 1.82) 1.31 (0.85, 2.02) 1.56 (1.02, 2.38)*

Sex adjusted 1.00 0.99 (0.63, 1.55) 1.21 (0.78, 1.88) 1.45 (0.92, 2.27) 1.93 (1.17, 3.18)*

Age and sex adjusted 1.00 0.94 (0.60, 1.47) 1.10 90.71, 1.72) 1.21 (0.76, 1.92) 1.37 (0.81, 2.31)

Age, sex, and FPG adjusted 1.00 0.93 (0.59, 1.46) 1.09 (0.70, 1.71) 1.20 (0.76, 1.90) 1.34 (0.80, 2.26)

Body mass index at baseline

Incidence/1000 person-year (95%

CI)

18.1 (12.9,

24.8)

22.7 (16.9, 29.8) 25.5 (19.2, 33.0) 26.5 (20.2, 34.2) 38.2 (30.5, 47.2)

Odds ratio (95% CI)

Unadjusted 1.00 1.32 (0.84, 2.09) 1.54 (0.98, 2.42) 1.64 (1.05, 2.57)* 2.62 (1.71,

4.02)***

Sex adjusted 1.00 1.32 (0.83, 2.09) 1.56 (1.00, 2.46) 1.67 (1.06, 2.62)* 2.72 (1.76,

4.20)***

Age and sex adjusted 1.00 1.28 (0.80, 2.04) 1.48 (0.93, 2.34) 1.66 (1.05, 2.63)* 2.79 (1.79,

4.35)***

Age, sex, and FPG adjusted 1.00 1.28 (0.80, 2.04) 1.47 (0.93, 2.33) 1.66 (1.05, 2.63)* 2.81 (1.79,

4.40)***

Waist circumference at baseline

Incidence/1000 person-year (95%

CI)

15.4 (10.7,

21.4)

20.6 (15.1, 27.4) 22.9 (17.0, 30.0) 34.1 (26.6, 43.0) 40.5 (32.3, 50.2)

Odds ratio (95% CI)

Unadjusted 1.00 1.38 (0.86, 2.23) 1.58 (0.99, 2.52) 2.61 (1.66,

4.10)***

3.15 (2.03,

4.91)***

Sex adjusted 1.00 1.41 (0.87, 2.27) 1.64 (1.03, 2.62)* 2.87 (1.81,

4.56)***

3.62 (2.28,

5.74)***

Age and sex adjusted 1.00 1.33 (0.82, 2.16) 1.53 (0.95, 2.45) 2.64 (1.66,

4.21)***

3.26 (2.05,

5.20)***

Age, sex, and FPG adjusted 1.00 1.33 (0.82, 2.16) 1.53 (0.95, 2.46) 2.64 (1.65,

4.22)***

3.29 (2.05,

5.27)***

Waist-to-hip ratio at baseline

Incidence/1000 person-year (95%

CI)

17.0 (12.0,

23.3)

23.5 (17.6, 30.7) 31.0 (24.0, 39.5) 24.9 (18.6, 32.8) 35.6 (27.8, 44.7)

Odds ratio (95% CI)

Unadjusted 1.00 1.43 (0.91, 2.26) 1.98 (1.27, 3.08)** 1.39 (0.87, 2.18) 2.14 (1.39, 3.32)**

Sex adjusted 1.00 1.45 (0.92, 2.28) 1.99 (1.28, 3.10)** 1.57 (0.98, 2.52) 3.33 (1.89,

5.87)***

Age and sex adjusted 1.00 1.30 (0.82, 2.06) 1.70 (1.09, 2.67)* 1.27 (0.78, 2.05) 2.61 (1.46, 4.67)**

Age, sex, and FPG adjusted 1.00 1.29 (0.82, 2.05) 1.69 (1.08, 2.65)* 1.25 (0.77, 2.02) 2.55 (1.42, 4.56)**
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results were consistent with those studies that reported the

ability of WHtR and WC in identifying HTN risk was

superior to other anthropometric indices, even though the

precise reasons for the discrepancy were unable to be

ascertained. Only limited studies have examined the asso-

ciation between visceral adiposity measured by computer

tomography and risk of HTN [10, 33–38] and the results

were inconclusive. Some of these studies showed a sig-

nificant or borderline significant association

[33, 35, 37–39], whereas others reported no association

[40] or an association among women but not men [36]. No

longitudinal study has examined the association between

VAI and HTGW phenotype and risk of HTN and the

clinical usefulness of VAI and HTGW phenotype in pre-

dicting HTN have not been explored. In fact, greater ABSI

poorly predicted HTN and the ability of VAI and HTGW in

identifying HTN risk was not superior to other anthropo-

metric indices reflecting from 95% CI of OR and area

under the ROC curve.

WC has been proposed to be the best among subcuta-

neous measures of fat distribution [29]. However, WC does

not account for differences in height, therefore, potentially

over- and under-evaluating risk for tall and short individ-

uals respectively [21]. Consequently, researchers proposed

the WHtR as an alternative to WC [21, 25]. This ratio has

been shown to be a good indicator of abdominal obesity,

similar to WC [41]. However, some have argued against

use of WHR or WHtR as a measure of obesity because of

its ambiguous biologic interpretation, their lesser sensitiv-

ity to weight gain, its greater variability across age, sex,

and ethnic groups, and its greater computational com-

plexity and interpretation in public health context [41].

On the basis of our overall findings, both WC and WHtR

have the approximately same predictive discrimination.

Because WC is strongly correlated with WHtR, they are

unlikely to yield different answers and the two measures

yield similar information, with the correlation coefficient

above 0.93. In addition, a simple WC measurement is a

better predictor of progression to HTN than the BMI or

WHtR due to the easy to measure, reliability and conve-

niences, although it does require some training and stan-

dardization. Both BMI and WHtR require measurement of

height. Whereas accurate weighing requires removal of

shoes and most clothing, and correction for occasional

appliances or casts, and the use of a high-quality scale that

is periodically recalibrated. But, WC requires only the

removal (or loosening) of clothing around the waist and an

inexpensive tape measure made of non-stretchable

Table 3 continued

1st quintile 2nd quintile 3rd quintile 4th quintile 5th quintile

Waist-to-height ratio at baseline

Incidence/1000 person-year (95%

CI)

9.2 (5.7, 14.1) 23.3 (17.3, 30.6) 26.3 (19.8, 34.1) 36.5 (28.9, 45.3) 35.7 (28.1, 44.7)

Odds ratio (95% CI)

Unadjusted 1.00 2.79 (1.61,

4.82)***

3.16 (1.83,

5.44)***

4.98 (2.94,

8.41)***

4.60 (2.72,

7.80)***

Sex adjusted 1.00 2.81 (1.62,

4.86)***

3.17 (1.84,

5.46)***

4.99 (2.95,

8.44)***

4.60 (2.72,

7.80)***

Age and sex adjusted 1.00 2.65 (1.52, 4.60)** 3.07 (1.77,

5.30)***

4.53 (2.66,

7.69)***

4.02 (2.36,

6.85)***

Age, sex, and FPG adjusted 1.00 2.64 (1.52, 4.59)** 3.06 (1.77,

5.29)***

4.51 (2.65,

7.67)***

4.03 (2.36,

6.90)***

NWNT NWHT EWNT HTGW

Hypertriglyceridemic-waist phenotype groups at baseline

Incidence/1000 person-year (95% CI) 17.0 (13.2, 20.8) 29.5 (23.4, 36.7) 33.6 (26.1, 42.4) 36.5 (28.1, 46.6)

Odds ratio (95% CI)

Unadjusted 1.00 1.89 (1.33, 2.68)*** 2.27 (1.57, 3.28)*** 2.50 (1.71, 3.65)***

Sex adjusted 1.00 1.85 (1.30, 2.64)** 2.30 (1.59, 3.34)*** 2.52 (1.72, 3.69)***

Age and sex adjusted 1.00 1.75 (1.22, 2.51)** 2.33 (1.59, 3.40)*** 2.27 (1.54, 3.35)***

Age, sex, and FPG adjusted 1.00 1.75 (1.22, 2.50)** 2.32 (1.58, 3.40)*** 2.29 (1.55, 3.38)***

CI confidence interval, NWNT normal waist normal triglyceride, NWHT normal waist high triglyceride, EWNT enlarge waist normal triglyceride,

HTGW hypertriglyceridemic-waist, FPG fasting plasma glucose

* P\ 0.05, ** P\ 0.01, *** P\ 0.001
a Odds ratio (with 95% CI) calculated by multiple logistic regression
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material. The standardized landmark for waist measure-

ment is usually simple to identify after a short training

period, and WC measurement can be highly reproducible.

However, ratios are more difficult to interpret biologically,

are less sensitive to weight gain, and have statistical limi-

tations [41].

There are limitations related to this study. At follow-

up, non-attendees in the entire population did not differ

from attendees according to major risk factors for pro-

gression to HTN, although a difference too small to

explain the high progression rate to HTN in our study

was seen in the mean levels of PG. In term of our

definition of incidence HTN, some selection bias may be

present as participants who attend for screening may

have been more likely to be tested and consequently

diagnosed as having HTN. Thus, participants with HTN

who had lower risk may have been missed through lack

of testing. We did not conduct sex-specific analyses

because there were too few events in some subgroups to

calculate stable risk estimates and we used sex as an

adjustment factor in all analyses. The current findings

were drawn from an Iranian population with FDR of

patients with T2D and, therefore, the results might not

be generalized to all populations. BP was measured only

during follow-up visits and was not monitored. We could

not include several possible confounding variables that

are known HTN risk factors, such as family history of

HTN, estimated glomerular filtration rate, serum uric

acid, creatinine, physical activity, diet, stress, and

socioeconomic status. These variables could be relevant

for explaining the relationship between obesity indices

and incidence of HTN. However, it is necessary to

validate the association of VAI, HTGW, ABSI and HTN

in other populations. However, this study is meaningful

as a first study to clarify the relationship between obesity

indices including visceral and subcutaneous lipid accu-

mulation and incident HTN among an Iranian population

of FDR of patients with T2D.

The high risk of developing HTN in FDR of patients

with T2D with high WHtR or WC underlines the impor-

tance of prevention of HTN in these individuals.

5 Conclusion

These data provides further evidence that although higher

values of VAI, BMI, WHR and HTGW were associated

with the risk of HTN, WC and WHtR were more strongly

associated with the development of HTN, while the ABSI

showed weaker association. WHtR and WC are very highly

correlated and likely to behave similarly in HTN predic-

tion. WHtR and WC showed almost the same discrimi-

nating ability.
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Fig. 2 Receiver operating characteristic curves for visceral adiposity

index (VAI), waist circumference (WC), body mass index (BMI),

waist-to-hip ratio (WHT), waist-to-height ratio (WHtR) and a body

shape index (ABSI) to predict hypertension in first-degree relatives of

patients with type 2 diabetes without diabetes and hypertension.

Sensitivity represents true positive results and 1-specificity, the false-

positive results. The estimates of the area under the ROC curves and

their 95% confidence intervals (CI) are shown
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