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Abstract: Anthropometric indicators of general and abdominal obesity can predict cardiovascular
disease outcomes. Their performance in predicting hypertension (HTN) varies across populations.
We aimed to analyze the relationship of body mass index (BMI), waist circumference (WC), waist-
to-height ratio (WHtR) and conicity index (CI) with HTN, to examine their predictive performance
and to determine their optimal cut-offs in a nationally representative sample of Albanians aged
15–59 years (n = 20,635). Logistic regression models were fitted and sex-specific receiver-operating
characteristic (ROC) curves were constructed. The indicators were positively associated with HTN.
Sex modified the relationships, as associations appeared significantly stronger among females than
males in the highest categories of the indicators. The area under ROC curves (AUCs) for BMI were
0.729 (95% confidence interval (CI): 0.720–0.738) among females and 0.648 (95% CI: 0.633–0.663)
among males, and AUCs for WHtR were 0.725 (95% CI: 0.716–0.734) among females and 0.637 (95%
CI: 0.622–0.652) among males. However, the AUCs for BMI and WHtR did not differ significantly
among females (p = 0.279) and males (p = 0.227). BMI outperformed WC and CI in both sexes.
The optimal BMI cut-offs were 27.0 kg/m2 among females and 25.6 kg/m2 among males, and that
for WHtR were 0.53 among females and 0.54 among males. BMI and WHtR demonstrated similar
discriminatory power, and the identified cut-offs may inform initiatives for structured HTN screening
in Albania.

Keywords: hypertension; obesity; anthropometric indicators; ROC curve analysis; optimal cut-off

1. Introduction

Elevated blood pressure (BP) continues to be a global health concern. According
to the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2019, elevated
systolic blood pressure (SBP) tops a list of 87 risk factors accounting for an estimated
10.8 million deaths [1]. The number of adults with hypertension is predicted to reach
1.56 billion by 2025 [2]. However, the global burden has gradually concentrated in low- and
middle-income countries over the last couple of decades [3]. On the other hand, five million
estimated deaths are attributed to body mass index (BMI) greater than 20–25 kg/m2 [1].
In terms of risk-weighted prevalence, the global exposure to high BMI increased by 70.4%
between 1990 and 2017, the highest among all risk factors evaluated in GBD 2017 [4]. This
is particularly problematic for transitioning, middle-income countries as they experience
obesogenic changes in dietary and physical activity patterns at the population level con-
current with socio-economic development. Unsurprisingly, elevated BP is the first, and
high BMI the third leading health risk in Albania, an upper-middle-income country in
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southern Europe [5]. Linear dose-response meta-analysis documents the risk of hyper-
tension (HTN) to escalate by 49% per five-unit increase in BMI [6]. The convergence of
overweight/obesity and HTN necessitates examination of the performance of common
anthropometric indicators of general and abdominal adiposity in tracking those with
heightened cardiovascular risk.

BMI is extensively used for defining overweight and obese in research and practice.
Nevertheless, BMI does not capture regional fat distribution and body proportions, and
their variations across populations [7,8]. While central adiposity shows considerably
stronger association with cardiometabolic risk than general obesity [9], BMI cannot gauge
the former. Waist-to-height ratio (WHtR) addresses this limitation to a certain extent by
correcting the WC for the height of individuals. Additionally, conicity index (CI) has been
proposed [10] based on the assumption that higher central adiposity makes morphological
profile of human body biconic (i.e., like a double cone with a common base) [11]. The
higher the CI, the more centralized is the fat distribution. Although some studies suggest
CI as a good indicator of cardiovascular risk [11–13], lack of established cut-offs limits its
widespread application.

The above-mentioned indicators offer simplicity, noninvasiveness and potential for
integration into primary care, but the magnitude of their associations with HTN, and their
discriminatory capability, vary across populations [6,9]. To the best of our knowledge,
HTN screening performance of these indicators has not been examined in a nationally
representative sample from Albania. This is a critical research gap considering the burden
of HTN, suboptimal BP control and lack of awareness in Albania [14]. Our objectives
were three-fold: to explore the relationship of BMI, WHtR, WC and CI with HTN among
Albanians, to examine the performance of these indicators in predicting HTN from analysis
of receiver-operating characteristic (ROC) curves, and to determine their optimal cut-offs
for predicting the likelihood of HTN.

2. Materials and Methods
2.1. Study Population

This cross-sectional study was based on nationally representative data from the
2017-18 Albania Demographic and Health Survey (ADHS). The National Institute of
Statistics (INSTAT) and the Institute of Public Health (IPH) carried out this nationwide,
household survey from September 2017 to February 2018 with technical assistance from
ICF through the DHS Program [15]. The ADHS adopted a two-stage, stratified sam-
pling strategy to ensure representativeness at national and subnational levels. A total of
16,955 households were selected, and 15,823 (93.3%) were successfully surveyed. Women
aged 15–59 years in all surveyed households and men aged 15–59 in a subsample of 50% of
those households underwent BP measurement and anthropometric assessment. Figure S1
demonstrates the flow of participants into current study. Data on socio-demographic at-
tributes, chronic disease status and lifestyle were also collected using household, women’s,
and men’s questionnaires [15].

2.2. BP Measurement and Definition of Hypertension

Trained interviewers measured sitting BP with a manual sphygmomanometer and
stethoscope. Three measurements were taken: one at the beginning, one in the middle
and one at the end of the household survey. The average of the second and third measure-
ments was used for defining HTN. Participants with SBP ≥ 140 and/or diastolic blood
pressure (DBP)≥ 90 mmHg were considered hypertensives according to the 2018 European
Society of Cardiology (ESC)/European Society of Hypertension (ESH) Guidelines [16].
Additionally, participants were considered hypertensive regardless of their BP if they were
on antihypertensive(s) or undergoing lifestyle modification for managing HTN.
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2.3. Anthropometric Assessment and Calculation of Indicators

Height was measured with a portable ShorrBoard to the nearest 0.1 cm. Weight was
measured to the nearest 0.1 kg using a Seca 878 scale, with participants barefoot and
wearing light indoor clothes (e.g., t-shirt, trousers). BMI was calculated by dividing the
weight in kilograms with the square of the height in meters. Participants were categorized
into underweight (BMI < 18.5 kg/m2), normal-weight (BMI = 18.5–24 kg/m2), overweight
(BMI 25–29 kg/m2), and obese (BMI ≥ 30 kg/m2) [17]. WC was measured with anthro-
pometric tape placed horizontally, midway between costal margin and iliac crest, with
participants standing. The reading was obtained at the end of gentle expiration. WHtR
was the ratio of WC (cm) to Height (cm). CI was calculated from the Valdez equation:
WC(m)/[0.109 ×

√
{weight (kg)/height(m)}] [10].

2.4. Assessment of Covariates

Socio-demographic factors included in the analysis were age, sex, educational and
socioeconomic status, and place of residence. Five age groups (15–19, 20–29, 30–39, 40–49,
and 50–59 years) were created. Wealth index was derived from principal component analy-
sis of data on household ownership of context-specific durable assets and such dwelling
characteristics such as source of drinking water, toilet facility, and flooring material used.
This captured socioeconomic status (SES) at the household level. Wealth indices were
divided into tertiles: the highest tertile representing the richest, intermediate tertile the
middle-status, and the lowest tertile the poorest households in Albania. Educational status
was categorized into primary or below, secondary, and higher based on the highest level
of education attended. Place of residence had two categories: urban (areas with at least
5000 residents) and rural. Self-reported smoking status was ascertained by a question ask-
ing if the participants had been smoking cigarettes or tobacco in the form of cigars, pipes,
cheroots or cigarillos during the survey years. Alcohol consumption was self-reported
based on responses to a question asking if the participants had consumed beer, wine, raki
or other spirits in the preceding 12 months. History of diabetes was a self-reported binary
variable (yes/no) as well.

2.5. Statistical Analysis

Statistical analysis was performed using Stata version 14.0 (StataCorp, College Station,
TX, USA). We used the “svyset” command that allows application of sampling weight and
accommodates household as the primary sampling unit, and thus accounts for the complex
survey design. As males underwent BP and anthropometric assessment in 50% of the
surveyed households, there was an imbalance between the number of females and males
in the sample. To maintain consistency of analysis, we recalculated the sampling weights
based on the household male-female distribution as a reference because it represents
the male-female distribution in the general population. This newly constructed weight
was combined with the sampling weight provided in the dataset for making the sample
representative at national and sub-national levels.

Distributions of continuous variables were checked by visual examination of his-
tograms and quantile-quantile plots, and were considered approximately normal. We
calculated mean with standard deviation (SD) for continuous variables and frequency with
percentage for categorical variables. We constructed sex-specific scatterplots of SBP and
DBP against the four anthropometric indicators with LOWESS (Locally Weighted Scat-
terplot Smoothing) lines [18], and linear patterns were observed (Figure S2). For analytic
purpose, we computed quartiles of WC, WHtR and CI, and treated them as categorical
variables with the first quartile as the reference category. The normal range (18.5–24 kg/m2)
served as reference category for BMI [17]. Four distinct logistic regression models were
fitted to explore the association of the four indicators with HTN. The adjusted models
accounted for age, sex, socio-economic status, education, and history of smoking and
diabetes simultaneously. Crude and adjusted and odds ratios (ORs) with corresponding
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95% confidence intervals (CIs) are reported. Missing data were handled by complete
case analysis.

ROC curves were constructed, and area under the curves (AUCs) with 95% CIs re-
trieved, to evaluate the capability of the four indicators in predicting HTN. An AUC of
1 reflects a perfect predictive capability, whereas AUC ≤ 0.5 suggests the discriminatory
power is no better than chance. The ROC curve analysis was sex-specific, and survey
weights were not applied. We used the “rocgold” command in Stata that allows esti-
mation of ROC curves and compares each indicator’s ROC curve to that of BMI. The
command implements the nonparametric approach proposed by DeLong et al. [19]. Opti-
mal cut-offs were defined as the values of the indicators that maximized the Youden index
(J = sensitivity + specificity − 1) [20]. All statistical tests were two-sided, and differences
were considered statistically significant at p < 0.05.

2.6. Ethics Statement

This study was based on secondary analysis of publicly available data from the
2017-18 ADHS. Therefore, no separate ethical approval was sought [15]. The ADHS was
approved by the Institutional Review Board at ICF on 11 March 2015 (ICF Project Number:
132989.0.000). The research was carried out in accordance with the Declaration of Helsinki
(version 2013).

3. Results

Table 1 presents the socio-demographic and anthropometric characteristics of the study
participants according to HTN status. Data on BP were available for 20635 participants
aged 15–59 years. Mean age of the participants was 38.2 years (standard deviation (SD)
13.5). The prevalence of HTN was 28.6% (28.0–29.2). HTN prevalence was similar across
categories of sex and self-reported smoking and alcohol consumption. The prevalence
increased with age (p for trend < 0.001) and increasing BMI, WC, WHtR and CI (p for trend
for all four indicators < 0.001). Greater than 70% of those who reported having diabetes
were hypertensive as well.

Table 1. Sample characteristics by hypertension status.

Characteristics Unweighted
Frequency

Weighted
Frequency

Non-Hypertensive
Weighted %

(95% CI)
or

Weighted Mean (SD)

Hypertensive
Weighted %

(95% CI)
or

Weighted Mean (SD)

Overall 20,635 19,591 71.4 (70.8–72.0) 28.6 (28.0–29.2)
Age (years)

15–19 2354 2253 93.4 (92.4–94.5) 6.6 (5.5–7.6)
20–29 4187 4318 89.3 (88.3–90.2) 10.7 (9.8–11.7)
30–39 3882 3645 82.8 (81.6–84.1) 17.2 (15.9–18.4)
40–49 4587 4215 64.7 (63.3–66.2) 35.3 (33.8–36.7)
50–59 5625 5160 44.1 (42.8–45.5) 55.9 (54.5–57.2)
Sex

Female 14,718 10,248 71.7 (70.8–72.6) 28.3 (27.4–29.2)
Male 5917 9343 71.1 (70.1–72.0) 29.0 (28.0–29.9)

Household wealth
Poorest 6794 4753 67.7 (66.3–69.0) 32.3 (31.0–33.7)

Middle-status 6879 6029 69.2 (68.0–70.3) 30.8 (29.7–32.0)
Richest 6962 8809 74.9 (74.0–75.8) 25.1 (24.2–26.0)

Educational status
Primary or below 9675 7953 65.5 (64.5–66.6) 34.5 (33.4–35.5)

Secondary 7741 7925 71.2 (70.2–72.2) 28.8 (27.8–29.8)
Above secondary 3210 3701 84.4 (83.2–85.6) 15.6 (14.4–16.8)
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Table 1. Cont.

Characteristics Unweighted
Frequency

Weighted
Frequency

Non-Hypertensive
Weighted %

(95% CI)
or

Weighted Mean (SD)

Hypertensive
Weighted %

(95% CI)
or

Weighted Mean (SD)

Residence
Urban 9479 11,249 73.2 (72.3–74.0) 26.8 (26.0–27.7)
Rural 11,156 8342 69.0 (68.0–70.0) 31.0 (30.0–32.0)

Self-reported Diabetes
Yes 324 312 27.9 (22.9–32.9) 72.1 (67.1–77.1)
No 20,311 19,279 72.1 (71.5–72.7) 27.9 (27.3–28.5)

H/O smoking
Smoker 2479 3786 69.4 (67.9–70.9) 30.6 (29.1–32.1)

Nonsmoker 18,156 15,805 71.9 (71.2–72.6) 28.1 (27.4–28.8)
H/O alcohol consumption

Yes 6559 8483 70.8 (69.8–71.7) 29.2 (28.3–30.2)
No 14,076 11,108 71.8 (71.0–72.7) 28.2 (27.3–29.0)

Body mass index (BMI, kg/m2) 20,231 18,950 25.50 (4.58) 28.84 (5.19)
BMI categories

Underweight (<18.5) 499 473 92.4 (90.0–94.8) 7.6 (5.2–10.0)
Normal (18.5–24.9) 8164 7606 84.0 (83.2–84.8) 16.0 (15.2–16.8)

Overweight (25.0–29.9) 7087 6848 67.9 (66.8–69.0) 32.1 (31.0–33.2)
Obese (≥30) 4481 4023 50.5 (49.0–52.1) 49.5 (47.9–51.0)

Waist circumference (WC, cm) 20,072 18,693 85.00 (13.99) 93.96 (13.46)
WC (cm) quartiles
Quartile 1 (< 75) 4454 3626 89.2 (88.1–90.2) 10.8 (9.8–11.9)

Quartile 2 (75–85) 4972 4380 80.6 (79.4–81.8) 19.4 (18.2–20.6)
Quartile 3 (85–96) 5588 5544 68.1 (66.9–69.4) 31.9 (30.6–33.1)
Quartile 4 (>96) 5058 5143 53.4 (52.1–54.8) 46.5 (45.2–47.9)

Waist-to-height ratio (WHtR) 20,039 18,650 0.51 (0.09) 0.57 (0.09)
WHtR quartiles

Quartile 1 (<0.46) 4765 4317 88.2 (87.2–89.1) 11.8 (10.9–12.8)
Quartile 2 (0.46–0.52) 5085 4872 78.9 (77.7–80.0) 21.1 (20.0–22.3)
Quartile 3 (0.52–0.58) 4596 4420 67.6 (66.2–68.9) 32.4 (31.1–33.8)

Quartile 4 (>0.58) 5593 5041 52.1 (50.7–53.5) 47.9 (46.5–49.3)
Conicity index (CI) 20,000 18,633 1.20 (0.13) 1.25 (0.12)

CI quartiles
Quartile 1 (<1.12) 4933 4168 83.9 (82.9–85.1) 16.1 (14.9–17.2)

Quartile 2 (1.12–1.20) 4818 4277 77.3 (76.0–78.6) 22.7 (21.4–24.0)
Quartile 3 (1.20–1.29) 5341 5202 67.6 (66.4–68.9) 32.4 (31.1–33.6)

Quartile 4 (>1.29) 4908 4986 58.7 (57.4–60.1) 41.3 (39.9–42.6)

CI: confidence interval, SD: standard deviation, H/O: history of. Missing data on education (n = 9), BMI (n = 404), WC (n = 563), WHtR
(n = 596), CI (n = 635).

Table 2 shows the overall and sex-specific associations of the four anthropometric
indicators with HTN. Compared to participants with normal BMI, the odds of HTN were
nearly 1.5 times higher among overweight participants (adjusted odds ratio (aOR): 1.48;
95% CI: 1.30–1.68), and nearly 2.4 times higher among obese participants (aOR: 2.37; 95%
CI: 2.05–2.74). WC, WHtR and CI were also positively associated with HTN, as participants
in the fourth quartile (Q4) had significantly higher odds compared to participants in the
first quartile. The magnitude of association with HTN was relatively lower for CI compared
to the other three indicators (aOR for Q4: 1.62; 95% CI: 1.38–1.89).

Sex modified the association between BMI and HTN among obese participants (p
for interaction term obese×female < 0.001). Obese females had approximately 2.7 times
higher odds of HTN than females with normal BMI (aOR: 2.72; 95% CI: 2.32–3.19). Sex
also modified the associations of WC, WHtR and CI with HTN among participants in the
respective fourth quartiles (p for interaction terms WC Q4 × female, WHtR Q4 × female
and CI Q4 × female: 0.001, <0.001 and 0.002, respectively). Females in the fourth quartile
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of WC, WHtR and CI had approximately 2.9, 2.5- and 1.8-times higher odds of HTN,
respectively (Table 2). Figure S3 shows the predictive margins of HTN probability for each
category of the four indicators, and corroborates the effect measure modifications observed
in the highest categories.

Table 2. Logistic regression analyses of association of the four anthropometric indicators with hypertension.

Variables

All Male Female

Crude OR
(95% CI)

Adjusted 1 OR
(95% CI)

Crude OR
(95% CI)

Adjusted 2 OR
(95% CI)

Crude OR
(95% CI)

Adjusted 2 OR
(95% CI)

BMI (kg/m2) categories
Underweight

(<18.5) 0.43(0.26–0.70) * 0.87 (0.51–1.48) 0.57 (0.23–1.39) 1.03 (0.38–2.76) 0.38 (0.20–0.65) 0.91 (0.49–1.71)

Normal
(18.5–24.9) Ref. Ref. Ref. Ref. Ref. Ref.

Overweight
(25.0–29.9) 2.59 (2.33–2.87) * 1.48 (1.30–1.68) * 2.21 (1.85–2.64) * 1.50 (1.24–1.81) * 2.73 (2.41–3.09) * 1.36 (1.17–1.56) *

Obese (≥30) 5.92 (5.23–6.70) * 2.37 (2.05–2.74) * 3.33 (2.65–4.19) * 1.83 (1.45–2.32) * 7.18 (6.25–8.25) * 2.72 (2.32–3.19) *
Waist circumference (cm) quartiles

Q1 (<75) Ref. Ref. Ref. Ref. Ref. Ref.
Q2 (75–85) 1.98 (1.69–2.32) * 1.32 (1.10–1.59) * 1.42 (1.03–1.94) * 1.08 (0.78–1.50) 2.34 (1.96–2.80) * 1.30 (1.03–1.64) *
Q3 (85–96) 3.84 (3.30–4.47) * 1.90 (1.56–2.30) * 2.61 (1.92–3.56) * 1.54 (1.09–2.18) * 4.89 (4.14–5.76) * 1.74 (1.40–2.16) *
Q4 (>96) 7.15 (6.07–8.41) * 2.69 (2.22–3.26) * 4.25 (3.12–5.78) * 1.95 (1.38–2.75) * 10.88 (9.19–12.88) * 2.94 (2.36–3.65) *

Waist-to-height ratio categories
Q1 (<0.46) Ref. Ref. Ref. Ref. Ref. Ref.

Q2 (0.46–0.52) 2.00 (1.70–2.36) * 1.30 (1.06–1.59) * 1.86 (1.44–2.41) * 1.38 (1.03–1.84) * 2.03 (1.66–2.47) * 1.08 (0.84–1.38)
Q3 (0.52–0.58) 3.59 (3.07–4.20) * 1.63 (1.33–2.01) * 3.17 (2.47–4.07) * 1.70 (1.25–2.32) * 3.98 (3.31–4.78) * 1.42 (1.10–1.80) *

Q4 (>0.58) 6.87 (5.87–8.03) * 2.36 (1.95–2.86) * 4.32 (3.35–5.56) * 1.91 (1.42–2.57) * 10.07 (8.46–11.98) * 2.46 (1.96–3.07) *
Conicity index quartiles

Q1 (<1.12) Ref. Ref. Ref. Ref. Ref. Ref.
Q2 (1.12–1.20) 1.54 (1.33–1.78) * 1.20 (1.02–1.41) * 1.20 (0.92–1.56) 1.05 (0.80–1.46) 1.83 (1.56–2.18) * 1.24 (1.02–1.50) *
Q3 (1.20–1.29) 2.50 (2.17–2.90) * 1.43 (1.21–1.69) * 1.79 (1.40–2.30) * 1.25 (0.95–1.66) 3.24 (2.76–3.81) * 1.44 (1.18–1.76) *

Q4 (>1.29) 3.67 (3.19–4.23) * 1.62 (1.38–1.89) * 2.47 (1.93–3.16) * 1.34 (1.02–1.74) * 5.25 (4.30–6.13) * 1.79 (1.48–2.13) *

OR: odds ratio, CI: confidence interval, Q: quartile, Ref.: reference category. * indicates statistical significance as CI excludes 1. 1 Adjusted
for age, sex, socio-economic status, education, history of smoking, and self-reported diabetes. 2 Adjusted for age, socio-economic status,
education, history of smoking, and self-reported diabetes.

Table 3 demonstrates the predictive performance of the four anthropometric indicators
based on ROC curve analysis. In females, the highest AUC was recorded for BMI (0.729;
95% CI: 0.720–0.738), followed by WHtR (0.725; 95% CI: 0.716–0.734). The difference
between these two AUCs was not statistically significant (p = 0.279). The AUC for BMI
was significantly higher than that for WC (p < 0.001) or CI (p < 0.001). The optimal BMI
and WHtR cut-offs for identifying females with HTN were 27.01 kg/m2 (sensitivity 66.1%
and specificity 68.2%) and 0.53 (sensitivity 74.0% and specificity 59.9%), respectively. No
statistically significant difference was observed between the AUCs for BMI (0.648; 95% CI:
0.633–0.663) and WHtR (0.637; 95% CI: 0.622–0.652) among males (p = 0.227).

Table 3. Performance of the four anthropometric indicators as predictors of hypertension from ROC curve analysis in the
unweighted sample.

Indicators AUC
(95% CI) p-Value 1 Youden’s Index Optimal

Cut-Off Sensitivity (%) Specificity (%)

Females

BMI (kg/m2)
0.729

(0.720–0.738) Ref. 0.343 27.01 66.1 68.2

WC (cm) 0.718
(0.709–0.727) <0.001 0.327 91.05 67.1 65.6

WHtR 0.725
(0.716–0.734) 0.279 0.338 0.53 74.0 59.9

CI 0.653
(0.643–0.663) <0.001 0.242 1.24 70.1 54.0
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Table 3. Cont.

Indicators AUC
(95% CI) p-Value 1 Youden’s Index Optimal

Cut-Off Sensitivity (%) Specificity (%)

Males

BMI (kg/m2)
0.648

(0.633–0.663) Ref. 0.223 25.64 68.4 53.9

WC (cm) 0.626
(0.611–0.642) 0.002 0.192 86.25 55.3 64.0

WHtR 0.637
(0.622–0.652) 0.227 0.209 0.54 52.2 68.8

CI 0.589
(0.573–0.605) <0.001 0.156 1.19 57.9 57.7

BMI: body mass index, WC: waist circumference, WHtR: waist-to-height ratio, CI: conicity index, ROC: receiver operating characteristic,
AUC: area under the ROC curve. The highest values of AUC and Youden’s index in bold. 1 Bonferroni-adjusted p-value for comparison
with AUC for BMI.

The optimal BMI and WHtR cut-offs for identifying males with HTN were 25.64 kg/m2

(sensitivity 68.4% and specificity 53.9%) and 0.54 (sensitivity 52.2% and specificity 68.8%),
respectively. Figure 1 below illustrates the sex-specific ROC curves for the four anthropo-
metric indicators.
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4. Discussion

In a nationally representative sample of Albanians aged 15–59 years, more than one
in four had HTN. The anthropometric indicators showed positive associations with HTN.
The strength of the associations was substantial for participants in the highest categories of
the indicators. Among participants with the highest levels of adiposity, the strength of the
associations varied in a sex-specific manner with the odds of HTN being higher for females.
BMI and WHtR demonstrated similar discriminatory power, regardless of sex. However,
BMI outperformed WC and CI in predicting HTN in both sexes. We also provided optimal
cut-offs for the four indicators to identify individuals at risk of HTN.

The observed positive associations of anthropometric indicators with HTN agree with
previous studies from Greece [21], Italy [22], Iran [23] and elsewhere [24,25]. The diverse
mechanisms linking obesity or increased adiposity with HTN are centered on adipose
tissue dysfunction characterized by an overproduction of proinflammatory adipokines
(such as leptin), and suppression of anti-inflammatory adipokines (such as adiponectin).
This is accompanied by chronic inflammation, oxidative stress, endothelial dysfunction,
and untoward activation of renin-angiotensin-aldosterone systems and the sympathetic
nervous system. These alterations culminate in development of HTN [26,27].

Sex modified the relationship between the four anthropometric indicators and HTN,
whereby females in the highest categories of these indicators had higher likelihood of HTN
than males in the same categories. Some previous studies documented similar findings,
but mostly for BMI. The association of BMI with HTN was stronger among females in
a nationally representative sample (n = 11,247) of Australian adults [28]. BMI showed a
stronger association with HTN among females in a cross-sectional analysis from Japan
(n = 4557, age range 35–59) [29]. On the contrary, Chen et al. found a stronger association
of BMI with HTN among males in China (n = 486,936, age range 30–79) [30]. We could not
explore the mechanism(s) underlying this effect measure modification. We posit it could
be an indication of hormonally driven differences observed at higher levels of adiposity.
The mean age of the females with BMI ≥ 30 kg/m2 was 46.9 years (SD 9.9), and those in
the fourth quartiles of WC, WHtR and CI were 47.1 years (SD 10.1), 46.9 years (SD 10.1)
and 45.1 years (SD 11.8), respectively. Besides, the mean age at natural menopause in
Albania is 49.0 (SD 4.9) [31]. While the ADHS lacked data on menopause, a considerable
proportion of the females in the highest categories of the four indicators were likely to be
perimenopausal [32]. This period is marked by a shift in the hormonal profile as estradiol
level decreases and (bioavailable) testosterone increases, leading to higher testosterone-
to-estradiol ratio [33]. Age-corrected estradiol levels appear lower also among obese
females of reproductive age than their normal-weight peers [34]. Elevated testosterone-
to-estradiol ratio is associated with a redistribution of body fat with enhanced central
adiposity from accumulation of visceral adipose tissue (VAT) independent of age, ethnicity,
physical activity and total body fat [35,36]. As a preferential source of proinflammatory
adipokines [35], excessive VAT drives the development of HTN [37,38]. Of note is that this
perimenopausal accumulation of VAT coincides with loss of lean mass, resulting in little
to no gain in body weight. Consequently, this should be better captured by indicators of
central than general obesity [39] such as WC. While WC demonstrated the highest strength
of association with HTN (adjusted OR of 2.94 among females in quartile 4), BMI performed
better than WC in predicting HTN among females. This may relate to analytic differences
because of the quartiles of WC used in logistic regression. The females in the fourth quartile
of WC had mean BMI of 33.1 kg/m2 (SD 5.0), well above the 27.0 kg/m2 optimal cut-off
identified in ROC curve analysis. Nonetheless, WC is insensitive to the variation in HTN
risk by height [40], as it does not take height into account, and WC was outperformed by
BMI in our analysis.

In this study, BMI performed as good as WHtR in predicting HTN in both sexes. This
agrees with a pooled analysis of cross-sectional data from 16 Asian cohorts that were part
of the Decoda Study (n = 20,827) [41]. However, the comparable performance of BMI and
WHtR in our analysis contrasts with two meta-analyses showing greater discriminatory
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power of WHtR compared to BMI: one from 2012 (n = 31) [9] and the other from 2018
(n = 38) [42]. The pooled AUC for WHtR was 0.732 (95% CI: 0.707–0.757) among females
and 0.690 (0.668–0.713) among males in the former, and 0.679 (0.673–0.686) among females
and 0.649 (0.641–0.657) among males in the latter. The pooled AUC for BMI was 0.693
(0.659–0.726) among females and 0.654 (0.627–0.682) among males in the former, and 0.656
(0.649–0.662) among females and 0.637 (0.629–0.645) among males in the latter. The 2012
meta-analysis tested the difference in pooled AUCs for WHtR and BMI with the Q statistic,
and a significant difference (p < 0.05) was observed only among males [9]. Nevertheless,
southern European populations were under-represented in these meta-analyses, as one
study from Italy and one from Turkey were included, and neither meta-analysis examined
the performance of CI. CI performed well in predicting HTN in some populations [11,12],
but fared poorly in our analysis, registering the lowest AUCs in both sexes. This conforms
with earlier cross-sectional analyses [43,44] where performance of CI in terms of AUC
appeared inferior to BMI, WHtR and WC. In line with existing literature [9,42], the AUCs
for all indicators appeared higher among females than males, implying that the indicators
predicted HTN more precisely among females.

Although many studies have explored the predictive performance of common an-
thropometric indicators, findings remain varied. De Oliveira and colleagues found no
significant differences in the AUCs for BMI and WC in predicting HTN in a Brazilian cohort
(n = 1627, age range 18–102 years). While their mean BMI was similar to our study, HTN
prevalence (40%) and mean WC (87.9 cm among non-hypertensives and 96.2 cm among
hypertensives) were higher. The authors did not evaluate the discriminatory powers of
WHtR and CI [45]. The AUCs of BMI, WHtR and WC did not differ significantly in earlier
studies from Nigeria (n = 912, HTN prevalence 22.8%) [44], southern Brazil (n = 1720,
HTN prevalence among females and males 30.5% and 51.6%, respectively) [43], and in a
sample of Filipino-American females aged 40–65 years (n = 382, HTN prevalence 50%) [46].
Conversely, WHtR performed better than WC and BMI in predicting prevalent HTN in
both sexes in a nationally representative sample from Jordan, with HTN prevalence of
21.4% among females and 28.2% among males [47]. WC yielded significantly higher AUC
for HTN than that of BMI in both sexes in a recent cross-sectional study (n = 1488) from
China in which the prevalence of HTN was 52.6% [37]. The heterogeneity of these findings
could be reflective of ethnic differences in the regional distribution of body fat [48,49], dif-
ferences in the capability of different indicators in capturing obesity between populations,
or differences in statistical methods applied.

The optimal cut-offs for BMI identified in this study (27.01 among females and
25.64 kg/m2 among males) were lower than the 30 kg/m2 WHO cut-off for defining
obesity [17], and those reported for Peruvian [12] and Jordanian adults [47]; but higher
than those reported in studies from China [37,50], South Korea [51] and Nigeria [44]. The
optimal WC cut-off among males in this analysis (86.25 cm) was lower than the 94 cm
International Diabetes Federation (IDF) cut-off defining central adiposity. By contrast, the
WC cut-off for females (91.05 cm) was higher than the 80 cm IDF cut-off for females [52].
The WHtR cut-offs were similar in both sexes (0.53 among females and 0.54 among males)
and supported the proposition of considering 0.5 a universal cut-off [9].

Our findings delineated the burden of obesity-related HTN, often recognized as a
distinct hypertensive phenotype [27]. This has serious public health implications for
Albania. The prevalence of HTN in our representative sample neared 30%, and that of
BMI-defined overweight and obesity among hypertensives exceeded 80% (Table 1). A
meta-analysis of 239 prospective studies demonstrated that the lowest risk of all-cause
mortality is associated with a BMI level of 20–25 kg/m2, and above that mortality increases
almost log-linearly with BMI [53]. On average, the hypertensives had a BMI of 28.84 kg/m2

and the normotensives had 25.50 kg/m2 in this study, suggesting a population level
shift that could drive obesity-related HTN and associated mortality in the transitioning,
upper-middle-income context of Albania [54]. However, HTN awareness and control are
suboptimal in Albania [14]. Based on our findings, anthropometric indicators, particularly
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BMI and WHtR, could be promising in identifying Albanians with heightened risk of HTN.
Apart from CI, the AUCs surpassed 0.70 among females and 0.60 among males. Despite
these modest AUCs, BMI and WHtR can be used satisfactorily as initial, population-based
screening measures [9], given the reasonable sensitivity estimates of the identified cut-offs.
For instance, the sensitivity exceeded 65% in both sexes for the respective BMI cut-offs
(Table 3). The individuals identified using the cut-offs can, thereafter, be offered structured
screening as recommended in the 2018 ESC/ESH Guideline [16]. Owing to simplicity and
extensive use in practice, BMI and WHtR have the potential to be integrated in primary
care across the country. Furthermore, the electronic health record system administered in
Albania in 2016 [55] can be leveraged to pool information on these indicators. The data-
driven cut-offs from this study could inform the formulation of a nationwide strategy to
identify individuals at risk. Given the surge in obesity-related noncommunicable diseases
in middle-income countries [1], policymakers in Albania need to prioritize strategies
contingent on simple, cost-effective measures to circumvent the challenges of population-
wide control of HTN [56].

Certain limitations and strengths of the present study need to be considered for critical
appraisal of the findings. The study drew on a cross-sectional analysis of secondary data,
and the anthropometric indicators are surrogate measures of adiposity. Therefore, causal
inferences cannot be drawn, and prospective studies using direct measures of adiposity are
warranted for pinpointing the predictive performance of the indicators among Albanians.
The relationship of the cut-offs identified in this study with such endpoints as cardio-
vascular and all-cause mortality in Albania needs to be investigated in future. Moreover,
the meta-analysis by Deng et al. showed that study design may affect the AUCs registered
by anthropometric indicators [42]. Data on physical activity were not collected in the ADHS
and its potential role as a confounder [57] could not be controlled. Residual confounding
cannot be entirely ruled out too. Nonetheless, core strengths of this study include a
large sample representative at national and subnational levels, identification of actionable
cut-offs for common anthropometric indicators and highly standardized procedures for
anthropometric data collection adopted by The DHS Program.

5. Conclusions

In conclusion, our findings suggested substantial, positive associations of select an-
thropometric indicators of general and abdominal obesity (BMI, WHtR, WC and CI) with
HTN. Sex modified the relationship of the indicators with HTN, whereby the associations
were significantly stronger among females than males, but only in the highest categories
of all four indicators. Regardless of sex, there was no significant difference in the AUCs
yielded by BMI and WHtR, implying their comparable performance in predicting HTN
among Albanians. BMI outperformed WC and CI in terms of AUC. Future studies of
prospective design with direct assessment of adiposity could help better quantify the
obesity-HTN relationship and the discriminatory power of the indicators. The optimal
cut-offs for the anthropometric indicators identified in this study could form the basis for a
public health initiative to identify individuals at heightened risk of HTN, and strengthen
HTN control among Albanians aged 15–59 years.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
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Author Contributions: Conceptualization, M.R.I.; methodology, M.R.I. and S.M.R.; software, M.M.
and S.M.R.; validation, M.R.I., M.M. and S.M.R.; formal analysis, M.M. and S.M.R.; data curation,
M.R.I., M.M. and S.M.R.; writing—original draft preparation, M.R.I. and S.M.S.; writing—review &
editing, M.R.I., S.M.S., M.M. and S.M.R.; supervision, S.M.R. All authors have read and agreed to the
published version of the manuscript.

https://www.mdpi.com/article/10.3390/nu13103373/s1
https://www.mdpi.com/article/10.3390/nu13103373/s1


Nutrients 2021, 13, 3373 11 of 13

Funding: The authors received no specific grant from any funding agency in public, commercial or
not-for-profit sectors.

Institutional Review Board Statement: The Albania DHS protocol was approved by the institutional
review board, ICF International, USA, approval for The Demographic Health and Survey Program
(DHS-7).

Informed Consent Statement: Respondents were asked to provide verbal informed consent after
full disclosure of the purpose and voluntary nature of participation. Consent to use and publish
articles emanating from this dataset was obtained along with the dataset from the Demographic and
Health Survey (DHS).

Data Availability Statement: Datasets are available upon request from The DHS Program web-
site: https://www.dhsprogram.com/data/dataset/Albania_Standard-DHS_2017.cfm?flag=0. The
datasets analyzed during the current study are available on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Murray, C.J.L.; Aravkin, A.Y.; Zheng, P.; Abbafati, C.; Abbas, K.M.; Abbasi-Kangevari, M.; Abd-Allah, F.; Abdelalim, A.;

Abdollahi, M.; Abdollahpour, I.; et al. Global Burden of 87 Risk Factors in 204 Countries and Territories, 1990–2019: A Systematic
Analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1223–1249. [CrossRef]

2. Kearney, P.M.; Whelton, M.; Reynolds, K.; Muntner, P.; Whelton, P.K.; He, J. Global Burden of Hypertension: Analysis of
Worldwide Data. Lancet 2005, 365, 217–223. [CrossRef]

3. Mills, K.T.; Bundy, J.D.; Kelly, T.N.; Reed, J.E.; Kearney, P.M.; Reynolds, K.; Chen, J.; He, J. Global Disparities of Hypertension
Prevalence and Control: A Systematic Analysis of Population-Based Studies From 90 Countries. Circulation 2016, 134, 441–450.
[CrossRef] [PubMed]

4. Stanaway, J.D.; Afshin, A.; Gakidou, E.; Lim, S.S.; Abate, D.; Abate, K.H.; Abbafati, C.; Abbasi, N.; Abbastabar, H.; Abd-Allah, F.;
et al. Global, Regional, and National Comparative Risk Assessment of 84 Behavioural, Environmental and Occupational, and
Metabolic Risks or Clusters of Risks for 195 Countries and Territories, 1990–2017: A Systematic Analysis for the Global Burden of
Disease Study 2017. Lancet 2018, 392, 1923–1994. [CrossRef]

5. Forouzanfar, M.H.; Afshin, A.; Alexander, L.T.; Anderson, H.R.; Bhutta, Z.A.; Biryukov, S.; Brauer, M.; Burnett, R.; Cercy, K.;
Charlson, F.J.; et al. Global, Regional, and National Comparative Risk Assessment of 79 Behavioural, Environmental and
Occupational, and Metabolic Risks or Clusters of Risks, 1990–2015: A Systematic Analysis for the Global Burden of Disease Study
2015. Lancet 2016, 388, 1659–1724. [CrossRef]

6. Jayedi, A.; Rashidy-Pour, A.; Khorshidi, M.; Shab-Bidar, S. Body Mass Index, Abdominal Adiposity, Weight Gain and Risk
of Developing Hypertension: A Systematic Review and Dose-Response Meta-Analysis of More than 2.3 Million Participants:
Adiposity and Risk of Hypertensione. Obes. Rev. 2018, 19, 654–667. [CrossRef]

7. Rush, E.C.; Freitas, I.; Plank, L.D. Body Size, Body Composition and Fat Distribution: Comparative Analysis of European, Maori,
Pacific Island and Asian Indian Adults. Br. J. Nutr. 2009, 102, 632–641. [CrossRef]

8. Okorodudu, D.; Jumean, M.; Montori, V.; Romero-Corral, A.; Somers, V.; Erwin, P.; Lopez-Jimenez, F. Diagnostic Performance of
Body Mass Index to Identify Obesity as Defined by Body Adiposity: A Systematic Review and Meta-Analysis. Int. J. Obes. 2010,
34, 791–799. [CrossRef]

9. Ashwell, M.; Gunn, P.; Gibson, S. Waist-to-Height Ratio Is a Better Screening Tool than Waist Circumference and BMI for Adult
Cardiometabolic Risk Factors: Systematic Review and Meta-Analysis. Obes. Rev. 2012, 13, 275–286. [CrossRef]

10. Valdez, R. A Simple Model-Based Index of Abdominal Adiposity. J. Clin. Epidemiol. 1991, 44, 955–956. [CrossRef]
11. Rossi, L.; Freiberg, C.K. Prevalence of High Coronary Risk by the Conicity Index in Economically Active Individuals in São Paulo.

Rev. Bras. Nutr. Clin. 2012, 27, 106–111.
12. Hernández-Vásquez, A.; Azañedo, D.; Vargas-Fernández, R.; Aparco, J.P.; Chaparro, R.M.; Santero, M. Cut-off Points of

Anthropometric Markers Associated with Hypertension and Diabetes in Peru: Demographic and Health Survey 2018. Public
Health Nutr. 2020, 24, 611–621. [CrossRef] [PubMed]

13. Motamed, N.; Perumal, D.; Zamani, F.; Ashrafi, H.; Haghjoo, M.; Saeedian, F.S.; Maadi, M.; Akhavan-Niaki, H.; Rabiee, B.;
Asouri, M. Conicity Index and Waist-to-Hip Ratio Are Superior Obesity Indices in Predicting 10-Year Cardiovascular Risk Among
Men and Women: Obesity Indices and 10-Year CV Risk. Clin. Cardiol. 2015, 38, 527–534. [CrossRef] [PubMed]

14. Burazeri, G.; Qirjako, G.; Beaney, T.; Ster, A.C.; Xia, X.; Ylli, A.; Muja, H.; Cumashi, R.; Dika, Q.; Roshi, E.; et al. May Measurement
Month 2018: An Analysis of Blood Pressure Screening Results from Albania. Eur. Heart J. Suppl. 2020, 22, H5–H7. [CrossRef]

15. Institute of Statistics, Institute of Public Health, and ICF. Albania Demographic and Health Survey 2017–2018; Institute of Statistics,
Institute of Public Health, and ICF: Tirana, Albania; Rockville, ML, USA, 2018; p. i448.

16. Mancia, G.; Rosei, E.A.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; de Simone, G.; Dominiczak, A.; Kahan, T.; Mahfoud, F.;
et al. 2018 ESC/ESH Guidelines for the Management of Arterial Hypertension. Eur. Heart J. 2018, 39, 3021–3104. [CrossRef]

https://www.dhsprogram.com/data/dataset/Albania_Standard-DHS_2017.cfm?flag=0
http://doi.org/10.1016/S0140-6736(20)30752-2
http://doi.org/10.1016/S0140-6736(05)17741-1
http://doi.org/10.1161/CIRCULATIONAHA.115.018912
http://www.ncbi.nlm.nih.gov/pubmed/27502908
http://doi.org/10.1016/S0140-6736(18)32225-6
http://doi.org/10.1016/S0140-6736(16)31679-8
http://doi.org/10.1111/obr.12656
http://doi.org/10.1017/S0007114508207221
http://doi.org/10.1038/ijo.2010.5
http://doi.org/10.1111/j.1467-789X.2011.00952.x
http://doi.org/10.1016/0895-4356(91)90059-I
http://doi.org/10.1017/S1368980020004036
http://www.ncbi.nlm.nih.gov/pubmed/33059791
http://doi.org/10.1002/clc.22437
http://www.ncbi.nlm.nih.gov/pubmed/26418518
http://doi.org/10.1093/eurheartj/suaa014
http://doi.org/10.1093/eurheartj/ehy339


Nutrients 2021, 13, 3373 12 of 13

17. World Health Organization. Obesity: Preventing and Managing the Global Epidemic: Report of a WHO Consultation; WHO Technical
Report Series; WHO: Switzerland, Geneva, 2000; ISBN 978-92-4-120894-9.

18. Cleveland, W.S. Robust Locally Weighted Regression and Smoothing Scatterplots. J. Am. Stat. Assoc. 1979, 74, 829–836. [CrossRef]
19. DeLong, E.R.; DeLong, D.M.; Clarke-Pearson, D.L. Comparing the Areas under Two or More Correlated Receiver Operating

Characteristic Curves: A Nonparametric Approach. Biometrics 1988, 44, 837–845. [CrossRef] [PubMed]
20. Fluss, R.; Faraggi, D.; Reiser, B. Estimation of the Youden Index and Its Associated Cutoff Point. Biom. J. 2005, 47, 458–472.

[CrossRef]
21. Panagiotakos, D.B.; Chrysohoou, C.; Pitsavos, C.; Skoumas, J.; Lentzas, Y.; Katinioti, A.; Stefanadis, C. Hierarchical Analysis of

Anthropometric Indices in the Prediction of 5-Year Incidence of Hypertension in Apparently Healthy Adults: The ATTICA Study.
Atherosclerosis 2009, 206, 314–320. [CrossRef]

22. Landi, F.; Calvani, R.; Picca, A.; Tosato, M.; Martone, A.M.; Ortolani, E.; Sisto, A.; D’Angelo, E.; Serafini, E.; Desideri, G.; et al.
Body Mass Index Is Strongly Associated with Hypertension: Results from the Longevity Check-up 7+ Study. Nutrients 2018, 10,
1976. [CrossRef]

23. Janghorbani, M.; Aminorroaya, A.; Amini, M. Comparison of Different Obesity Indices for Predicting Incident Hypertension.
High. Blood Press. Cardiovasc. Prev. 2017, 24, 157–166. [CrossRef]

24. Kuwabara, M.; Kuwabara, R.; Niwa, K.; Hisatome, I.; Smits, G.; Roncal-Jimenez, C.; MacLean, P.; Yracheta, J.; Ohno, M.;
Lanaspa, M.; et al. Different Risk for Hypertension, Diabetes, Dyslipidemia, and Hyperuricemia According to Level of Body
Mass Index in Japanese and American Subjects. Nutrients 2018, 10, 1011. [CrossRef] [PubMed]

25. Hossain, F.B.; Adhikary, G.; Chowdhury, A.B.; Shawon, M.S.R. Association between Body Mass Index (BMI) and Hypertension in
South Asian Population: Evidence from Nationally-Representative Surveys. Clin. Hypertens. 2019, 25, 28. [CrossRef] [PubMed]

26. Maenhaut, N.; Van de Voorde, J. Regulation of Vascular Tone by Adipocytes. BMC Med. 2011, 9, 25. [CrossRef] [PubMed]
27. Dorresteijn, J.A.N.; Visseren, F.L.J.; Spiering, W. Mechanisms Linking Obesity to Hypertension: Obesity-Related Hypertension.

Obes. Rev. 2012, 13, 17–26. [CrossRef] [PubMed]
28. Dalton, M.; Cameron, A.J.; Zimmet, P.Z.; Shaw, J.E.; Jolley, D.; Dunstan, D.W.; Welborn, T.A.; AusDiab Steering Committee.

Waist Circumference, Waist-Hip Ratio and Body Mass Index and Their Correlation with Cardiovascular Disease Risk Factors in
Australian Adults. J. Intern. Med. 2003, 254, 555–563. [CrossRef]

29. Sakurai, M.; Miura, K.; Takamura, T.; Ota, T.; Ishizaki, M.; Morikawa, Y.; Kido, T.; Naruse, Y.; Nakagawa, H. Gender Differences
in the Association between Anthropometric Indices of Obesity and Blood Pressure in Japanese. Hypertens. Res. 2006, 29, 75–80.
[CrossRef]

30. Chen, Z.; Smith, M.; Du, H.; Guo, Y.; Clarke, R.; Bian, Z.; Collins, R.; Chen, J.; Qian, Y.; Wang, X.; et al. Blood Pressure in
Relation to General and Central Adiposity among 500,000 Adult Chinese Men and Women. Int. J. Epidemiol. 2015, 44, 1305–1319.
[CrossRef]

31. Velez, M.P.; Rosendaal, N.; Alvarado, B.; da Câmara, S.; Belanger, E.; Pirkle, C. Age at Natural Menopause and Physical Function
in Older Women from Albania, Brazil, Colombia and Canada: A Life-Course Perspective. Maturitas 2019, 122, 22–30. [CrossRef]

32. Santoro, N. Perimenopause: From Research to Practice. J. Women’s Health 2016, 25, 332–339. [CrossRef]
33. Burger, H.G.; Dudley, E.C.; Cui, J.; Dennerstein, L.; Hopper, J.L. A Prospective Longitudinal Study of Serum Testosterone,

Dehydroepiandrosterone Sulfate, and Sex Hormone-Binding Globulin Levels through the Menopause Transition. J. Clin.
Endocrinol. Metab. 2000, 85, 2832–2838. [CrossRef]

34. Freeman, E.W.; Sammel, M.D.; Lin, H.; Gracia, C.R. Obesity and Reproductive Hormone Levels in the Transition to Menopause.
Menopause 2010, 17, 718–726. [CrossRef]

35. Janssen, I.; Powell, L.H.; Jasielec, M.S.; Kazlauskaite, R. Covariation of Change in Bioavailable Testosterone and Adiposity in
Midlife Women: Testosterone and Adiposity. Obesity 2015, 23, 488–494. [CrossRef]

36. Abdulnour, J.; Doucet, É.; Brochu, M.; Lavoie, J.-M.; Strychar, I.; Rabasa-Lhoret, R.; Prud’homme, D. The Effect of the Menopausal
Transition on Body Composition and Cardiometabolic Risk Factors: A Montreal-Ottawa New Emerging Team Group Study.
Menopause 2012, 19, 760–767. [CrossRef]

37. Chen, Y.; Zhang, Z.; Wang, J.; Sun, H.; Zhao, X.; Cheng, X.; Zhao, Q. Sex Differences in the Association of Abdominal Adipose
Tissue and Anthropometric Data with Untreated Hypertension in a Chinese Population. Biol. Sex. Differ. 2020, 11, 38. [CrossRef]

38. Seven, E.; Thuesen, B.H.; Linneberg, A.; Jeppesen, J.L. Abdominal Adiposity Distribution Quantified by Ultrasound Imaging and
Incident Hypertension in a General Population. Hypertension 2016, 68, 1115–1122. [CrossRef]

39. Ambikairajah, A.; Walsh, E.; Tabatabaei-Jafari, H.; Cherbuin, N. Fat Mass Changes during Menopause: A Metaanalysis. Am. J.
Obstet. Gynecol. 2019, 221, 393–409. [CrossRef] [PubMed]

40. Cochran, J.M.; Siebert, V.R.; Bates, J.; Butulija, D.; Kolpakchi, A.; Kadiyala, H.; Taylor, A.; Jneid, H. The Relationship between
Adult Height and Blood Pressure. Cardiology 2021, 146, 345–350. [CrossRef] [PubMed]

41. Decoda Study Group; Nyamdorj, R. BMI Compared with Central Obesity Indicators in Relation to Diabetes and Hypertension in
Asians. Obesity 2008, 16, 1622–1635. [CrossRef] [PubMed]

42. Deng, G.; Yin, L.; Liu, W.; Liu, X.; Xiang, Q.; Qian, Z.; Ma, J.; Chen, H.; Wang, Y.; Hu, B.; et al. Associations of Anthropometric
Adiposity Indexes with Hypertension Risk: A Systematic Review and Meta-Analysis Including PURE-China. Medicine 2018, 97,
e13262. [CrossRef]

http://doi.org/10.1080/01621459.1979.10481038
http://doi.org/10.2307/2531595
http://www.ncbi.nlm.nih.gov/pubmed/3203132
http://doi.org/10.1002/bimj.200410135
http://doi.org/10.1016/j.atherosclerosis.2009.02.030
http://doi.org/10.3390/nu10121976
http://doi.org/10.1007/s40292-017-0186-3
http://doi.org/10.3390/nu10081011
http://www.ncbi.nlm.nih.gov/pubmed/30081468
http://doi.org/10.1186/s40885-019-0134-8
http://www.ncbi.nlm.nih.gov/pubmed/31890277
http://doi.org/10.1186/1741-7015-9-25
http://www.ncbi.nlm.nih.gov/pubmed/21410966
http://doi.org/10.1111/j.1467-789X.2011.00914.x
http://www.ncbi.nlm.nih.gov/pubmed/21831233
http://doi.org/10.1111/j.1365-2796.2003.01229.x
http://doi.org/10.1291/hypres.29.75
http://doi.org/10.1093/ije/dyv012
http://doi.org/10.1016/j.maturitas.2018.12.015
http://doi.org/10.1089/jwh.2015.5556
http://doi.org/10.1210/jc.85.8.2832
http://doi.org/10.1097/gme.0b013e3181cec85d
http://doi.org/10.1002/oby.20974
http://doi.org/10.1097/gme.0b013e318240f6f3
http://doi.org/10.1186/s13293-020-00317-4
http://doi.org/10.1161/HYPERTENSIONAHA.116.07306
http://doi.org/10.1016/j.ajog.2019.04.023
http://www.ncbi.nlm.nih.gov/pubmed/31034807
http://doi.org/10.1159/000514205
http://www.ncbi.nlm.nih.gov/pubmed/33721862
http://doi.org/10.1038/oby.2008.73
http://www.ncbi.nlm.nih.gov/pubmed/18421260
http://doi.org/10.1097/MD.0000000000013262


Nutrients 2021, 13, 3373 13 of 13

43. Silva, D.A.S.; Petroski, E.L.; Peres, M.A. Accuracy and Measures of Association of Anthropometric Indexes of Obesity to Identify
the Presence of Hypertension in Adults: A Population-Based Study in Southern Brazil. Eur. J. Nutr. 2013, 52, 237–246. [CrossRef]

44. Ononamadu, C.J.; Ezekwesili, C.N.; Onyeukwu, O.F.; Umeoguaju, U.F.; Ezeigwe, O.C.; Ihegboro, G.O. Comparative Analysis of
Anthropometric Indices of Obesity as Correlates and Potential Predictors of Risk for Hypertension and Prehypertension in a
Population in Nigeria. CVJA 2017, 28, 92–99. [CrossRef]

45. de Oliveira, C.M.; Ulbrich, A.Z.; Neves, F.S.; Dias, F.A.L.; Horimoto, A.R.V.R.; Krieger, J.E.; Alvim, R.d.O.; Pereira, A.d.C.
Association between Anthropometric Indicators of Adiposity and Hypertension in a Brazilian Population: Baependi Heart Study.
PLoS ONE 2017, 12, e0185225. [CrossRef]

46. Battie, C.A.; Borja-Hart, N.; Ancheta, I.B.; Flores, R.; Rao, G.; Palaniappan, L. Comparison of Body Mass Index, Waist Cir-
cumference, and Waist to Height Ratio in the Prediction of Hypertension and Diabetes Mellitus: Filipino-American Women
Cardiovascular Study. Prev. Med. Rep. 2016, 4, 608–613. [CrossRef]

47. Khader, Y.; Batieha, A.; Jaddou, H.; El-Khateeb, M.; Ajlouni, K. The Performance of Anthropometric Measures to Predict Diabetes
Mellitus and Hypertension among Adults in Jordan. BMC Public Health 2019, 19, 1416. [CrossRef] [PubMed]

48. Lear, S.A.; Humphries, K.H.; Kohli, S.; Chockalingam, A.; Frohlich, J.J.; Birmingham, C.L. Visceral Adipose Tissue Accumulation
Differs According to Ethnic Background: Results of the Multicultural Community Health Assessment Trial (M-CHAT). Am. J.
Clin. Nutr. 2007, 86, 353–359. [CrossRef]

49. Nazare, J.-A.; Smith, J.D.; Borel, A.-L.; Haffner, S.M.; Balkau, B.; Ross, R.; Massien, C.; Alméras, N.; Després, J.-P. Ethnic Influences
on the Relations between Abdominal Subcutaneous and Visceral Adiposity, Liver Fat, and Cardiometabolic Risk Profile: The
International Study of Prediction of Intra-Abdominal Adiposity and Its Relationship with Cardiometabolic Risk/Intra-Abdominal
Adiposity. Am. J. Clin. Nutr. 2012, 96, 714–726. [CrossRef] [PubMed]

50. Zhang, J.; Zhu, W.; Qiu, L.; Huang, L.; Fang, L. Sex- and Age-Specific Optimal Anthropometric Indices as Screening Tools for
Metabolic Syndrome in Chinese Adults. Int. J. Endocrinol. 2018, 2018, 1–16. [CrossRef] [PubMed]

51. Lee, J.-W.; Lim, N.-K.; Baek, T.-H.; Park, S.-H.; Park, H.-Y. Anthropometric Indices as Predictors of Hypertension among Men and
Women Aged 40–69 Years in the Korean Population: The Korean Genome and Epidemiology Study. BMC Public Health 2015, 15,
140. [CrossRef] [PubMed]

52. Alberti, K.G.M.M.; Zimmet, P.; Shaw, J. Metabolic Syndrome-a New World-Wide Definition. A Consensus Statement from the
International Diabetes Federation. Diabet. Med. 2006, 23, 469–480. [CrossRef]

53. Di Angelantonio, E.; Bhupathiraju, S.N.; Wormser, D.; Gao, P.; Kaptoge, S.; de Gonzalez, A.B.; Cairns, B.J.; Huxley, R.; Jackson, C.L.;
Joshy, G.; et al. Body-Mass Index and All-Cause Mortality: Individual-Participant-Data Meta-Analysis of 239 Prospective Studies
in Four Continents. Lancet 2016, 388, 776–786. [CrossRef]

54. Rosengren, A.; Smyth, A.; Rangarajan, S.; Ramasundarahettige, C.; Bangdiwala, S.I.; AlHabib, K.F.; Avezum, A.; Bengtsson
Boström, K.; Chifamba, J.; Gulec, S.; et al. Socioeconomic Status and Risk of Cardiovascular Disease in 20 Low-Income, Middle-
Income, and High-Income Countries: The Prospective Urban Rural Epidemiologic (PURE) Study. Lancet Glob. Health 2019, 7,
e748–e760. [CrossRef]

55. Niaksu, O.; Kodra, P.; Pina, M.; Grabenweger, J. Implementation of Nationwide Electronic Health Record in Albania: A Case
Study. Stud. Health Technol. Inf. 2017, 236, 111–120.

56. Whelton, P.K. The Elusiveness of Population-Wide High Blood Pressure Control. Annu. Rev. Public Health 2015, 36, 109–130.
[CrossRef] [PubMed]

57. Jackson, C.; Herber-Gast, G.-C.; Brown, W. Joint Effects of Physical Activity and BMI on Risk of Hypertension in Women: A
Longitudinal Study. J. Obes. 2014, 2014, 1–7. [CrossRef]

http://doi.org/10.1007/s00394-012-0314-8
http://doi.org/10.5830/CVJA-2016-061
http://doi.org/10.1371/journal.pone.0185225
http://doi.org/10.1016/j.pmedr.2016.10.003
http://doi.org/10.1186/s12889-019-7801-2
http://www.ncbi.nlm.nih.gov/pubmed/31664979
http://doi.org/10.1093/ajcn/86.2.353
http://doi.org/10.3945/ajcn.112.035758
http://www.ncbi.nlm.nih.gov/pubmed/22932278
http://doi.org/10.1155/2018/1067603
http://www.ncbi.nlm.nih.gov/pubmed/30310390
http://doi.org/10.1186/s12889-015-1471-5
http://www.ncbi.nlm.nih.gov/pubmed/25886025
http://doi.org/10.1111/j.1464-5491.2006.01858.x
http://doi.org/10.1016/S0140-6736(16)30175-1
http://doi.org/10.1016/S2214-109X(19)30045-2
http://doi.org/10.1146/annurev-publhealth-031914-122949
http://www.ncbi.nlm.nih.gov/pubmed/25594330
http://doi.org/10.1155/2014/271532

	Introduction 
	Materials and Methods 
	Study Population 
	BP Measurement and Definition of Hypertension 
	Anthropometric Assessment and Calculation of Indicators 
	Assessment of Covariates 
	Statistical Analysis 
	Ethics Statement 

	Results 
	Discussion 
	Conclusions 
	References

