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Abstract: The association of hypertension or stroke with anthropometric and body composition
indices has been evaluated individually but not for patients with both conditions. Here, we compared
these indices in patients with both hypertension and stroke and evaluated the best indicators for
identifying patients with both diseases in the Korean population. Data were obtained from the
Korea National Health and Nutrition Examination Survey (KNHANES) conducted from 2008 to
2011. Data analysis was carried out using a complex sampling design that considered the weighting
for personal analysis to represent the whole population in Korea. Binary logistic regression was
conducted for evaluating potential associations, and areas under the curve were calculated to
compare the predictive power of all variables for identifying patients with hypertension or both
hypertension and stroke. Among all hypertension-related factors, waist-to-height ratio (WHtR)
exhibited a strong association in men (odds ratio (OR) = 1.390 [1.127–1.714]), whereas trunk-fat mass
(OR = 1.613 [1.237–2.104]) and thoracic spine bone mineral density (BMD) (OR = 1.250 [1.044–1.496])
represented the best indicators in women. Comparison of anthropometric and body composition
indices in patients with both diseases revealed that left arm BMD and left leg fat mass (LLF) were
strongly associated in both men (OR = 0.504 [0.320–0.793]) and women (OR = 0.391 [0.208–0.734]).
However, among patients with both hypertension and stroke, WHtR (OR = 1.689 [1.080–2.641])
and LLF (OR = 0.391 [0.208–0.734]) were the best risk predictors in men and women, respectively.
Our findings suggested that the best indicators among patients with hypertension or both hypertension
and stroke may differ according to men and women.

Keywords: hypertension; stroke; body composition; body fat mass; bone mineral density;
anthropometry; classification model; binary logistic regression; indicator

1. Introduction

Hypertension, a chronic disease characterized by blood pressure (BP) higher than the normal
range, is a major global health concern and a risk factor for cardiovascular disease (CVD), myocardial
infarction (MI), stroke, and death from its associated complications [1–3]. According to the World
Health Organization, an estimated 1.13 billion people worldwide have hypertension, with most living
in low- and middle-income countries [4]. In turn, according to the Global Burden of Disease 2016
Lifetime Risk of Stroke Collaborators, the global risk of stroke increased from 22.8% in 1990 to 24.9%
in 2016 [5]. Stroke, which refers to the neurological symptoms that occur suddenly consequent to
cerebral blood flow abnormalities, has thus become a major negative influence on economic and social
development [6,7].

Numerous studies support the association between hypertension and vascular diseases [8–18].
In a US-based study, Woo et al. showed that hypertension is a highly important risk factor for stroke [8],
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as did Du et al. for the UK [9]. In particular, Kario et al. demonstrated that the morning systolic BP
(SBP) and difference between morning and evening SBP are associated with stroke [10]. Willmot et al.
showed the mean arterial BP, diastolic BP (DBP), and SBP to be associated with ischemic stroke or
death [11]. Meanwhile, Qureshi et al. found that prehypertension was associated with CVD and MI
but not atherothrombotic brain infarction (ABI) or stroke [12]. Furthermore, low-density lipoprotein
and serum uric acid were shown to associate with hypertension by Cicero et al. [13].

The association of anthropometric and body composition indices with hypertension or stroke
has also been examined [19–28]. For example, waist circumference (WC), waist-to-hip ratio (WHR),
and waist-to-height ratio (WHtR) were associated with hypertension by Fuchs et al. [19], whereas
associations were found with WC, WHR, and body mass index (BMI) values in a Canadian study [20].
Chandra et al. revealed that increased visceral adiposity was associated with incident hypertension [21],
and abdominal fat mass was shown by Wiklund et al. to be strongly associated with hypertension
in women [22]. Moreover, decreased lumbar spine bone mineral density (BMD) was associated with
hypertension in a study by Tsuda et al. [23]. In turn, WC, WHR, and WHtR were shown by Winter et al.
to be associated with stroke and transient ischemic attack [24]. In women, WC, WHR, and WHtR were
associated with stroke but not BMI in a study by Lu et al. [25]. Toss et al. also revealed an association
between WHtR and stroke, with abdominal fat mass also associated after adjustment for BMI [26].
Finally, femoral neck BMD was identified as an independent predictor of stroke [27,28]; notably,
although this result retained significance after adjustment for confounding factors, the association was
specific to women [28].

Nevertheless, to our knowledge no research comparing and analyzing anthropometric and
body composition indices has been published regarding patients with both hypertension and stroke
(hypertension + stroke). Therefore, the aim of the present study was to compare the association of
these indices with hypertension and hypertension + stroke in the Korean population. Using binary
logistic regression analysis by SPSS analysis software, we determined the odds ratio (OR) values and
p-values for evaluating the association with hypertension and stroke among all variables. The findings
of the present study will provide basic knowledge related to the associations of hypertension and
stroke with anthropometric and body composition indices to facilitate the prevention and management
of patients with both disorders.

2. Materials and Methods

2.1. Subjects and Definitions

The data were obtained from the Korea National Health and Nutrition Examination Survey
(KNHANES IV-2, 3 and V-1, 2) from 2008 to 2011; the KNHANES is a cross-sectional survey
study conducted by the Korea Centers for Disease Control and Prevention (KCDC) [29,30].
The KNHANES datasets were approved by the Korea Ministry of Health and Welfare (2008-04EXP-01-C,
2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C) and were conducted in accordance with
the Declaration of Helsinki. The present study was approved by the Institutional Review Board of
the Korea Research Institute of Standards and Science, including approval for the access and analysis
of open source data from the KNHANES IV-2, 3 and V-1, 2, with a waiver for the documentation of
informed consent (IRB No. KRISS-IRB-2019-14).

The KNHANES I–VII survey was conducted from 1998 to 2018 [31]. This is the survey study
to assess and monitor health, nutritional status and health risk factors of major diseases of Koreans.
These data were collected by 3 parts of survey method as health examination, health interview and
nutrition survey. The body fat mass and BMD data were obtained only from 2008 to 2011. Therefore,
KNHANES IV-2, 3 and V-1, 2 were selected for the association analysis with hypertension, stroke, and
body composition (body fat mass and BMD). KNHANES IV-2, 3 and V-1, 2 included 37,753 subjects
who participated in the health examination, blood parameters, anthropometric assessment, and body
fat mass and BMD measurements. Using KNHANES data that accurately estimated the characteristics
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of Koreans, weighted values were used for analysis [29,30]. The weighted sample average (Ŷ) was
calculated using the following equation to estimate the population average of specific items by reflected
weights (wi, i = 1, 2, . . . , n) in n subjects (yi, i = 1, 2, . . . , n).

Ŷ =
∑n

i=1

wiyi

wi
(1)

2.2. Measurements

All anthropometric indices were measured using standard methods such as height, weight,
WC, and BMI. Height was measured to the nearest 1 mm using a Seca 225 portable stadiometer
(Seca, Hamburg, Germany). Weight was measured to the nearest 0.1 kg using an electronic scale
(GL-6000-20; Caskorea, Seoul, Korea). WC was measured using a Seca 200 to the nearest 1 mm between
the sternum and hips. BMI was calculated as weight/height2. The blood parameters were measured
using a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan) with Pureauto SCHO-N (Sekisui,
Tokyo, Japan), S GLU, and Cholestest N HDL (Sekisui, Tokyo, Japan) reagents. BMD was measured
by dual energy X-ray absorptiometry (DXA) and DISCOVERY-W (Hologic, Marlborough, MA, USA).
Body fat mass was measured using the same methods and equipment as for BMD measurement [29,30].
Body fat mass was measured for the head, left arm, right arm, left leg, right leg, trunk, body without
the head, and total body. BMD was measured for the head, left arm, right arm, left rib, right rib,
thoracic spine, lumbar spine, pelvis, left leg, right leg, total BMD without the head, and total BMD. The
WHtR was calculated as WC/height as a new indicator in this study.

2.3. Statistical Analysis

Analysis was carried out using a complex sampling design. Stratified two-stage sampling was
used, with weighting for personal analysis and the cluster primary sampling unit being considered.
It is possible to draw biased results from the estimation and estimated variance using a simple random
sampling method for the mean and prevalence rate. Therefore, complex sampling data analysis that
reflects the complex sampling design factors should be performed [29,30].

Herein, statistical analysis was performed using SPSS 22 software for Windows (SPSS, Inc.,
Armonk, NY, USA). Binary logistic regression algorithm is used for classification or prediction model
in data mining and machine learning fields, but the algorithm is mainly used to examine or analyze
the association between disease and variables in medicine, epidemiology, public health studies, etc.,
and can provide p-values and OR values for association analysis. Therefore, the use of this algorithm
is suitable for analysis of our medical data and objectives. The data preprocessing was divided into
five steps. First, data integration was carried out using the measured data (fat mass and BMD) from
2008 to 2011. Second, we extracted the data according to the characteristics, such as demographics,
anthropometry, blood information, and body compositions. Then, the diseases were defined by
diagnosis, and data translation and cleaning was carried out. Finally, data were standardized for
comparison and analysis purposes. Binary logistic regression was conducted to identify a significant
association of hypertension and stroke with various measured values (anthropometry, body fat mass,
BMD, etc.), and differences between normal and hypertension subjects and between normal subjects
and those with hypertension + stroke. Adjusted analysis was performed using age, BMI, frequency of
alcohol consumption, smoking, income, recognized stress rate, and education level. We analyzed the
association between the normal and hypertension groups using binary logistic regression to obtain the
p-values, OR, and confidence interval (CI). Moreover, we analyzed the association between the normal
and hypertension + stroke groups using the same conditions. A t-test was conducted to evaluate the
significant differences by men and women. We used the area under the receiver operating characteristic
curve (AUC) to assess whether a significant improvement in the identification of hypertension and
stroke was achieved based on anthropometric and body composition indices. As no method is available
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to calculate AUC in complex sampling analysis, we carried out the general AUC analysis based on the
original data. Figure 1 shows the design of the experimental study for statistical analysis.
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3. Results

In the present study, we focused on patients aged over 50 years who were recently diagnosed with
hypertension and stroke by a physician, because the prevalence of hypertension and stroke increases
rapidly in individuals over 50 years of age [32]. This yielded a sample size of 13,682 subjects.

In total, missing values were excluded for disease (n = 702), anthropometry (n = 107), demographics
(n = 349), blood parameters (n = 737), fat mass (n = 3397), and BMD (n = 91), resulting in the selection
of a sample of 8407 subjects without overlaps (n = 2098). The final Group 1 for hypertension consisted
of 2592 normal subjects (1343 men, 1249 women) and 948 with hypertension (500 men, 448 women).
Group 2, for hypertension + stroke, consisted of 2592 normal subjects (1343 men, 1249 women) and
69 subjects with hypertension + stroke (52 men, 17 women). Figure 2 shows the detailed sample
selection procedure of data preprocessing.
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Tables 1 and 2 show the demographic characteristics of each group and a detailed description of
all experimental variables.
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Table 1. Basic characteristics of all variables for hypertension.

Variable
Men Women

Normal Hypertension Normal Hypertension

Subjects, no. (%) 1343 (72.9%) 500 (27.1%) 1249 (73.6%) 448 (26.4%)

Age, mean, (SD) † 61.08 (8.43) 64.72 (8.54) 59.84 (8.54) 65.04 (9.04)

Systolic BP (mmHg), mean, (SD) † 124.90 (17.16) 134.39 (16.14) 122.55 (17.44) 136.24 (16.39)

Diastolic BP (mmHg), mean, (SD) † 80.05 (10.65) 82.02 (10.68) 77.03 (10.00) 81.31 10.83)

Height (HT), (cm), mean, (SD) † 166.84 (6.05) 165.75 (5.85) 153.93 (5.95) 152.35 (6.10)

Weight (WT), (kg), mean, (SD) † 65.09 (9.34) 66.85 (9.21) 55.43 (8.18) 57.10 (9.00)

Waist circumference (WC), (cm), mean, (SD) † 83.77 (7.93) 86.70 (8.02) 79.43 (8.61) 83.59 (8.88)

Waist-to-height ratio (WHtR), mean, (SD) † 0.502 (0.046) 0.523 (0.049) 0.517 (0.057) 0.549 (0.059)

Body mass index (BMI) (kg/m2), mean, (SD) † 23.33 (2.75) 24.30 (2.84) 23.36 (2.93) 24.55 (3.29)

Glucose (mg/dL), mean, (SD) † 97.68 (15.38) 102.08 (16.62) 94.83 (14.35) 99.04 (15.44)

Total cholesterol (mg/dL), mean, (SD) * 190.46 (35.12) 185.41 (33.80) 202.47 (33.82) 203.99 (35.61)

High-density lipoprotein (HDL) (mg/dL), mean, (SD) † 46.27 (11.63) 44.35 (11.31) 49.73 (11.03) 47.32 (10.72)

Low-density lipoprotein (LDL) (mg/dL), mean, (SD) † 113.70 (32.01) 110.98 (31.16) 127.70 (29.43) 129.14 (29.48)

Triglycerides (mg/dL), mean, (SD) †
155.98

(131.75)
163.61

(123.06) 121.76 (74.53) 147.30 (95.62)

Body fat mass (g), mean, (SD)

Head fat mass (HDF) †
976.74

(120.53)
997.59

(127.47) 854.72 (99.12) 863.06
(100.96)

Left arm fat mass (LAF) †
723.80

(249.40)
794.90

(247.05)
1111.48
(344.13)

1198.91
(388.46)

Right arm fat mass (RAF) †
734.12

(257.21)
801.82

(251.37)
1116.30
(352.34)

1208.20
(397.23)

Trunk fat mass (TF) †
7749.64

(2945.93)
9012.72

(3074.65)
9577.91

(3131.95)
10,961.25
(3397.55)

Left leg fat mass (LLF) †
1868.20
(623.90)

2009.38
(618.33)

2806.96
(814.50)

2860.79
(862.72)

Right leg fat mass (RLF) †
1910.86
(643.61)

2043.92
(630.45)

2875.70
(844.39)

2917.87
(883.51)

Total body fat mass without
the head (TBFWH) †

12,986.62
(4491.04)

14,662.74
(4589.06)

17,488.34
(4998.85)

19,147.02
(5467.79)

Total body fat mass (TBF) †
13,963.36
(4552.24)

15,660.34
(4655.27)

18,343.06
(5045.80)

20,010.08
(5515.59)

Bone mineral density (g/cm2), mean, (SD)

Head BMD (HDBMD) † 2.23 (0.38) 2.20 (0.35) 2.13 (0.44) 2.04 (0.41)

Left arm BMD (LABMD) * 0.81 (0.08) 0.81 (0.08) 0.64 (0.07) 0.63 (0.07)

Right arm BMD (RABMD) * 0.82 (0.07) 0.82 (0.07) 0.65 (0.07) 0.64 (0.08)

Left Rib BMD (LRibBMD) * 0.69 (0.09) 0.70 (0.12) 0.60 (0.09) 0.59 (0.07)

Right Rib BMD (RRibBMD) * 0.69 (0.08) 0.70 (0.08) 0.60 (0.08) 0.59 (0.07)

Thoracic spine BMD (TSBMD) * 0.92 (0.15) 0.95 (0.16) 0.76 (0.14) 0.76 (0.20)

Lumbar spine BMD (LSBMD) * 1.06 (0.24) 1.09 (0.26) 0.95 (0.27) 0.92 (0.21)

Pelvis BMD (PlvBMD) * 1.08 (0.15) 1.10 (0.18) 0.98 (0.16) 0.97 (0.17)

Left leg BMD (LLBMD) 1.23 (0.16) 1.22 (0.14) 1.01 (0.12) 1.00 (0.18)

Right leg BMD (RLBMD) * 1.22 (0.14) 1.23 (0.14) 1.01 (0.14) 1.00 (0.16)

Total BMD without
the head (TBMDWH) * 1.00 (0.10) 1.00 (0.10) 0.83 (0.10) 0.82 (0.10)

Total BMD (TBMD) * 1.16 (0.12) 1.16 (0.11) 1.02 (0.13) 0.99 (0.12)

* p < 0.05 and † p < 0.0001 indicate significant difference between men and women using the two-sample t-test.
The results are presented as the means (standard deviation [SD]) or as the number of participants N (%).
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Table 2. Basic characteristics of all variables for both hypertension and stroke.

Variable
Men Women

Normal Hypertension
+ Stroke Normal Hypertension

+ Stroke

Subjects, no. (%) 1343 (96.3%) 52 (3.7%) 1249 (98.7%) 17 (1.3%)

Age, mean, (SD) † 61.08 (8.43) 68.08 (9.05) 59.84 (8.54) 67.00 (5.44)

Systolic BP (mmHg), mean, (SD) † 124.90 (17.16) 135.27 (17.87) 122.55 (17.44) 133.47 (13.02)

Diastolic BP (mmHg), mean, (SD) 80.05 (10.65) 81.60 (11.27) 77.03 (10.00) 80.59 (7.71)

Height (HT), (cm), mean, (SD) * 166.84 (6.05) 164.00 (4.87) 153.93 (5.95) 150.65 (5.81)

Weight (WT), (kg), mean, (SD) 65.09 (9.34) 63.70 (9.11) 55.43 (8.18) 57.10 (10.20)

Waist circumference (WC), (cm), mean, (SD) * 83.77 (7.93) 85.27 (8.33) 79.43 (8.61) 86.11 (9.61)

Waist-to-height ratio (WHtR), mean, (SD) † 0.502 (0.046) 0.520 (0.048) 0.517 (0.057) 0.572 (0.069)

BMI (kg/m2), mean, (SD) * 23.33 (2.75) 23.65 (2.97) 23.36 (2.93) 25.08 (3.66)

Glucose (mg/dL), mean, (SD) 97.68 (15.38) 97.94 (12.42) 94.83 (14.35) 96.12 (12.39)

Total cholesterol (mg/dL), mean, (SD) 190.46 (35.12) 181.25 (33.90) 202.47 (33.82) 204.29 (39.79)

High-density lipoprotein (HDL) (mg/dL), mean, (SD) * 46.27 (11.63) 41.61 (8.51) 49.73 (11.03) 51.58 (14.67)

Low-density lipoprotein (LDL) (mg/dL), mean, (SD) * 111.46 (31.00) 104.64 (33.78) 129.95 (28.91) 92.00 (43.84)

Triglycerides (mg/dL) * 155.98
(131.75) 136.65 (64.45) 121.76 (74.53) 135.00 (79.83)

Body fat mass (g), mean, (SD)

Head fat mass (HDF) 976.74
(120.53)

997.67
(144.56) 854.72 (99.12) 842.57

(112.95)

Left arm fat mass (LAF) 723.80
(249.40)

780.29
(283.85)

1111.48
(344.13)

1254.23
(510.04)

Right arm fat mass (RAF) 734.12
(257.21)

803.00
(318.78)

1116.30
(352.34)

1190.21
(534.52)

Trunk fat mass (TF) * 7749.64
(2945.93)

8641.31
(3435.56)

9577.91
(3131.95)

10,507.29
(2833.51)

Left leg fat mass (LLF) 1868.20
(623.90)

2001.40
(693.38)

2806.96
(814.50)

2620.02
(789.83)

Right leg fat mass (RLF) 1910.86
(643.61)

2024.60
(759.46)

2875.70
(844.39)

2747.47
(925.45)

Total body fat mass without the head (TBFWH) * 12,986.62
(4491.04)

14,250.60
(5295.67)

17,488.34
(4998.85)

18,319.22
(5029.55)

Total body fat mass (TBF) * 13,963.36
(4552.24)

15,248.26
(5352.16)

18,343.06
(5045.80)

19,161.78
(5111.43)

Bone mineral density (g/cm2), mean, (SD)

Head BMD (HDBMD) * 2.23 (0.38) 2.20 (0.36) 2.13 (0.44) 1.88 (0.35)

Left arm BMD (LABMD) * 0.81 (0.08) 0.77 (0.07) 0.64 (0.07) 0.61 (0.07)

Right arm BMD (RABMD) * 0.82 (0.07) 0.77 (0.07) 0.65 (0.07) 0.62 (0.06)

Left Rib BMD (LRibBMD) * 0.69 (0.09) 0.65 (0.08) 0.60 (0.09) 0.57 (0.08)

Right Rib BMD (RRibBMD) 0.69 (0.08) 0.66 (0.09) 0.60 (0.08) 0.59 (0.07)

Thoracic spine BMD (TSBMD) 0.92 (0.15) 0.90 (0.19) 0.76 (0.14) 0.69 (0.11)

Lumbar spine BMD (LSBMD) 1.06 (0.24) 1.04 (0.23) 0.95 (0.27) 1.06 (0.61)

Pelvis BMD (PlvBMD) * 1.08 (0.15) 1.02 (0.19) 0.98 (0.16) 0.91 (0.11)

Left leg BMD (LLBMD) * 1.23 (0.16) 1.17 (0.21) 1.01 (0.12) 0.94 (0.11)

Right leg BMD (RLBMD) * 1.22 (0.14) 1.14 (0.12) 1.01 (0.14) 1.02 (0.28)

Total BMD without
the head (TBMDWH) 1.00 (0.10) 0.95 (0.11) 0.83 (0.10) 0.80 (0.09)

Total BMD (TBMD) 1.16 (0.12) 1.11 (0.12) 1.02 (0.13) 0.95 (0.10)

* p < 0.05 and † p < 0.0001 indicate significant difference between the men and women using the two-sample t-test.
The results are presented as the means (standard deviation) or as the number of participants N (%).



Appl. Sci. 2020, 10, 3046 7 of 18

3.1. Associations of Hypertension with Anthropometric and Body Composition Indices

Tables 3 and 4 represent the association of hypertension with anthropometric and body composition
(body fat mass and BMD) indices in Korean men and women. Overall, 26.8% (N = 948) of 3540
participants exhibited hypertension. The prevalence of hypertension was higher in men than in women
(27.1% and 26.4%, respectively). In men, among all the variables, WHtR (p < 0.0001, OR = 1.836,
95% CI [1.627–2.071]) presented the strongest association with hypertension during crude analysis.
In addition, WHtR (adjusted p = 0.0021, adjusted OR = 1.390 [1.127–1.714]) exhibited the strongest
association after adjusting for age, BMI, alcohol consumption, smoking, income, recognized stress
rate, and education level. Among the body fat mass variables, trunk fat mass (TF, p < 0.0001,
OR = 1.626 [1.443–1.832]) was the best indicator of hypertension, followed by total body fat mass
(TBF, p < 0.0001, OR = 1.561 [1.389–1.755]) in crude analysis. However, these associations disappeared
after adjustment for confounders. Among the BMD variables, pelvis BMD (PlvBMD, p = 0.0079,
OR = 1.183 [1.045–1.339]) showed the highest association with hypertension, followed by thoracic
spine BMD (TSBMD, p = 0.0330, OR = 1.126 [1.010–1.256]) in crude analysis. These associations also
disappeared following adjustment for confounders.

In women, age (p < 0.0001, OR = 1.832 [1.658–2.025]) showed the strongest association with
hypertension among all variables. Moreover, TF (adjusted p = 0.0004, adjusted OR = 1.613 [1.237–2.104])
was associated in the adjusted analysis. WHtR (p < 0.0001, OR = 1.806 [1.612–2.022]) exhibited
the highest association with hypertension among the anthropometric variables in crude analysis.
Furthermore, WC (p < 0.0001, OR = 1.611 [1.440–1.802]) showed association with hypertension.
Among these, the association with WC (adjusted p = 0.0492, adjusted OR = 1.231 [1.001–1.515])
was maintained following the adjusted analysis. Among the body fat mass variables, TF (p < 0.0001,
OR = 1.499 [1.318–1.704]; adjusted p = 0.0004, adjusted OR = 1.613 [1.237–2.104]) showed the strongest
association with hypertension, followed by TBFWH (p < 0.0001, OR = 1.324 [1.165–1.504]) in
both crude and adjusted analyses. In the adjusted analysis, notably, right leg fat mass (RLF)
and left leg fat mass (LLF) were negatively associated with hypertension (adjusted p = 0.0246,
adjusted OR = 0.796 [0.652–0.971]; adjusted p = 0.0334, adjusted OR = 0.810 [0.667–0.983]). Head BMD
(HDBMD, p = 0.0003, OR = 0.794 [0.703–0.898]) exhibited the highest negative association with
hypertension in crude analysis. Total BMD (TBMD, p = 0.0006, OR = 0.797 [0.701–0.907]) was
also associated with hypertension. In particular, TSBMD and left leg BMD (LLBMD) were associated
with hypertension in the adjusted analysis (adjusted p = 0.0152, adjusted OR = 1.250 [1.044–1.496];
adjusted p = 0.0237, adjusted OR = 1.189 [1.024–1.381]).

In the overall crude analysis, WHtR presented the strongest association with hypertension in men,
whereas age demonstrated the strongest association in women. WHtR was also associated in men,
although TF was associated in women upon adjusted analysis. In women, TSBMD was associated
with hypertension; however, this association disappeared following adjustment for confounders in
men. These analysis results thus suggested a sex-based difference in hypertension risk factors.

Table 3. Associations of hypertension with anthropometric and body composition indices in men.

Variable
Crude Adjusted

AUC
p-Value OR [95% CI] p-Value OR [95% CI]

Age <0.0001 1.441 [1.301–1.597] - - 0.615 [0.588–0.642]
Anthropometrics

HT 0.0131 0.886 [0.806–0.975] 0.2930 0.941 [0.840–1.054] 0.448 [0.420–0.477]
WT <0.0001 1.404 [1.267–1.556] 0.2204 0.868 [0.691–1.089] 0.559 [0.531–0.587]
WC <0.0001 1.721 [1.527–1.939] 0.0285 1.262 [1.025–1.555] 0.617 [0.589–0.645]
WHtR <0.0001 1.836 [1.627–2.071] 0.0021 1.390 [1.127–1.714] 0.638 [0.610–0.666]
BMI <0.0001 1.652 [1.478–1.847] - - 0.602 [0.574–0.630]
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Table 3. Cont.

Variable
Crude Adjusted

AUC
p-Value OR [95% CI] p-Value OR [95% CI]

Body fat mass
HDF <0.0001 1.275 [1.136–1.430] 0.0999 1.130 [0.977–1.306] 0.546 [0.517–0.574]
LAF <0.0001 1.450 [1.291–1.629] 0.6816 1.037 [0.870–1.237] 0.595 [0.567–0.623]
RAF <0.0001 1.421 [1.261–1.602] 0.6520 0.960 [0.803–1.147] 0.594 [0.566–0.622]
TF <0.0001 1.626 [1.443–1.832] 0.0780 1.216 [0.978–1.512] 0.630 [0.602–0.657]
LLF <0.0001 1.342 [1.198–1.503] 0.3535 0.915 [0.758–1.105] 0.576 [0.548–0.604]
RLF <0.0001 1.334 [1.194–1.491] 0.1414 0.872 [0.727–1.047] 0.571 [0.542–0.599]
TBFWH <0.0001 1.560 [1.388–1.754] 0.4653 1.085 [0.871–1.352] 0.616 [0.588–0.644]
TBF <0.0001 1.561 [1.389–1.755] 0.4338 1.092 [0.876–1.362] 0.616 [0.588–0.644]

Bone mineral density
HDBMD 0.0849 0.896 [0.791–1.015] 0.0892 0.892 [0.782–1.018] 0.470 [0.442–0.497]
LABMD 0.3028 0.941 [0.838–1.015] 0.2067 0.910 [0.786–1.054] 0.480 [0.452–0.509]
RABMD 0.6692 0.975 [0.865–1.097] 0.3560 0.936 [0.814–1.077] 0.486 [0.458–0.515]
LRibBMD 0.2566 1.064 [0.956–1.183] 0.7654 0.981 [0.862–1.116] 0.527 [0.498–0.556]
RRibBMD 0.1740 1.086 [0.964–1.224] 0.6772 0.972 [0.848–1.113] 0.523 [0.495–0.552]
TSBMD 0.0330 1.126 [1.010–1.256] 0.6882 1.024 [0.910–1.153] 0.546 [0.517–0.575]
LSBMD 0.0362 1.126 [1.008–1.257] 0.8706 1.010 [0.892–1.144] 0.534 [0.506–0.563]
PlvBMD 0.0079 1.183 [1.045–1.339] 0.3526 1.078 [0.920–1.264] 0.536 [0.507–0.565]
LLBMD 0.5895 0.966 [0.853–1.095] 0.0515 0.863 [0.744–1.001] 0.488 [0.459–0.517]
RLBMD 0.5789 1.034 [0.920–1.162] 0.2969 0.932 [0.816–1.064] 0.499 [0.470–0.528]
TBMDWH 0.6387 1.028 [0.915–1.155] 0.2437 0.921 [0.801–1.058] 0.505 [0.476–0.533]
TBMD 0.5088 0.960 [0.851–1.083] 0.1429 0.905 [0.791–1.035] 0.487 [0.459–0.516]

Adjusted for age, body mass index (BMI), alcohol consumption, smoking, income, recognized stress rate, and
education level. The results are from crude and adjusted analyses using binary logistic regression. AUC, area
under the curve; HT, height; WT, weight; WC, waist circumference; WHtR, waist-to-height ratio; HDF, head fat
mass; LAF, left arm fat mass; RAF, right arm fat mass; TF, total fat mass, LLF, left leg fat mass; RLF, right leg fat
mass; TBFWH, total body fat without the head; TBF, total body fat; HDBMD, head bone mineral density; LABMD,
left arm bone mineral density; RABMD, right arm bone mineral density; LRibBMD, left rib bone mineral density;
RRibBMD, right rib bone mineral density; TSBMD, thoracic spine bone mineral density; LSBMD, lumbar spine bone
mineral density; PlvBMD, pelvis bone mineral density; LLBMD, left leg bone mineral density; RLBMD, right leg
bone mineral density; TBMDWH, total bone mineral density without the head; TBMD, total bone mineral density.

Table 4. Associations of hypertension with anthropometric and body composition indices in women.

Variable
Crude Adjusted

AUC
p-Value OR [95% CI] p-Value OR [95% CI]

Age <0.0001 1.832 [1.658–2.025] - - 0.672 [0.645–0.699]
Anthropometrics

HT <0.0001 0.714 [0.641–0.794] 0.6347 1.035 [0.898–1.192] 0.424 [0.395–0.453]
WT 0.0034 1.181 [1.057–1.319] 0.7377 1.045 [0.808–1.352] 0.543 [0.513–0.573]
WC <0.0001 1.611 [1.440–1.802] 0.0492 1.231 [1.001–1.515] 0.623 [0.594–0.651]
WHtR <0.0001 1.806 [1.612–2.022] 0.1120 1.200 [0.958–1.503] 0.645 [0.618–0.673]
BMI <0.0001 1.506 [1.344–1.686] - - 0.591 [0.561–0.621]

Body fat mass
HDF 0.2283 1.081 [0.952–1.228] 0.9930 0.999 [0.854–1.169] 0.514 [0.484–0.543]
LAF 0.0034 1.214 [1.067–1.382] 0.6388 1.061 [0.828–1.359] 0.550 [0.520–0.580]
RAF 0.0009 1.253 [1.097–1.432] 0.3517 1.128 [0.875–1.454] 0.551 [0.521–0.582]
TF <0.0001 1.499 [1.318–1.704] 0.0004 1.613 [1.237–2.104] 0.605 [0.576–0.634]
LLF 0.8341 0.986 [0.868–1.121] 0.0334 0.810 [0.667–0.983] 0.503 [0.473–0.533]
RLF 0.7817 0.982 [0.865–1.115] 0.0246 0.796 [0.652–0.971] 0.502 [0.472–0.532]
TBFWH <0.0001 1.324 [1.165–1.504] 0.1845 1.224 [0.908–1.650] 0.574 [0.544–0.603]
TBF <0.0001 1.322 [1.164–1.503] 0.1834 1.222 [0.909–1.643] 0.573 [0.544–0.603]

Bone mineral density
HDBMD 0.0003 0.794 [0.703–0.898] 0.5566 1.046 [0.899–1.218] 0.435 [0.407–0.464]
LABMD 0.0064 0.818 [0.708–0.945] 0.4255 1.076 [0.899–1.287] 0.432 [0.403–0.461]
RABMD 0.0131 0.822 [0.704–0.959] 0.1185 1.128 [0.970–1.311] 0.427 [0.398–0.456]
LRibBMD 0.0218 0.855 [0.748–0.977] 0.9018 1.010 [0.860–1.186] 0.457 [0.429–0.486]
RRibBMD 0.0182 0.854 [0.750–0.973] 0.8214 1.019 [0.868–1.195] 0.454 [0.425–0.483]
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Table 4. Cont.

Variable
Crude Adjusted

AUC
p-Value OR [95% CI] p-Value OR [95% CI]

TSBMD 0.6423 0.966 [0.835–1.118] 0.0152 1.250 [1.044–1.496] 0.469 [0.439–0.498]
LSBMD 0.0693 0.865 [0.740–1.012] 0.9101 1.006 [0.902–1.123] 0.462 [0.433–0.491]
PlvBMD 0.0480 0.866 [0.750–0.999] 0.0825 1.159 [0.981–1.369] 0.446 [0.417–0.476]
LLBMD 0.2998 0.920 [0.786–1.077] 0.0237 1.189 [1.024–1.381] 0.449 [0.419–0.478]
RLBMD 0.0573 0.848 [0.715–1.005] 0.5263 1.049 [0.904–1.218] 0.438 [0.409–0.468]
TBMDWH 0.0071 0.829 [0.723–0.950] 0.1721 1.130 [0.948–1.348] 0.438 [0.409–0.467]
TBMD 0.0006 0.797 [0.701–0.907] 0.2710 1.096 [0.931–1.291] 0.430 [0.401–0.459]

Adjusted for age, body mass index (BMI), alcohol consumption, smoking, income, recognized stress rate, and
education level. The results were from crude and adjusted analysis using binary logistic regression. AUC, area
under the curve; HT, height; WT, weight; WC, waist circumference; WHtR, waist-to-height ratio; HDF, head fat
mass; LAF, left arm fat mass; RAF, right arm fat mass; TF, total fat mass, LLF, left leg fat mass; RLF, right leg fat
mass; TBFWH, total body fat without the head; TBF, total body fat; HDBMD, head bone mineral density; LABMD,
left arm bone mineral density; RABMD, right arm bone mineral density; LRibBMD, left rib bone mineral density;
RRibBMD, right rib bone mineral density; TSBMD, thoracic spine bone mineral density; LSBMD, lumbar spine bone
mineral density; PlvBMD, pelvis bone mineral density; LLBMD, left leg bone mineral density; RLBMD, right leg
bone mineral density; TBMDWH, total bone mineral density without the head; TBMD, total bone mineral density.

From the AUC analysis, Figures 3 and 4 show the predictive power of anthropometric and body
composition indicators for hypertension in Korean men and women; only the five indices with the
highest AUC values are shown. Among all the variables, WHtR (AUC = 0.638 [0.610–0.666]) presented
strong identification power in men, whereas age (AUC = 0.645 [0.618–0.673]) showed the highest AUC
value in women. TF, TBFWH, and TBF exhibited strong identification power among the body fat mass
indicators in men (AUC = 0.630 [0.602–0.657]; AUC = 0.616 [0.588–0.644]; AUC = 0.616 [0.588–0.644])
and women (AUC = 0.605 [0.576–0.634]; AUC = 0.574 [0.544–0.603]; AUC = 0.573 [0.544–0.603]).
For BMD, TSBMD (AUC = 0.546 [0.517–0.575]; AUC = 0.469 [0.439–0.498]) showed the strongest
identification power for men and women, respectively.
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3.2. Comparison of Anthropometric and Body Composition Indices in Patients with Both Hypertension
and Stroke

Tables 5 and 6 show the association of anthropometric and body composition indices with
hypertension + stroke in Korean men and women. Overall, 2.6% (N = 69) of 2661 participants had
both hypertension and stroke. The prevalence of hypertension + stroke was higher in men than in
women (3.7% and 1.3%, respectively).

In men, among all the variables, age (p < 0.0001, OR = 2.156 [1.644–2.828]) presented the
strongest association with hypertension + stroke in crude analysis. LABMD (adjusted p = 0.0031,
adjusted OR = 0.504 [0.320–0.793]) showed the strongest negative association with hypertension +

stroke following confounding factor adjustment. Among the anthropometric indices, WHtR (p < 0.0001,
OR = 1.797 [1.382–2.336]; adjusted p = 0.0217, adjusted OR = 1.689 [1.080–2.641]) exhibited the strongest
association with hypertension + stroke in both crude and adjusted analyses; WC and BMI were also
associated (p = 0.0026, OR = 1.519 [1.157–1.993]; p = 0.0336, OR = 1.329 [1.022–1.728]). Among the
body fat mass variables, TF (p = 0.0265, OR = 1.506 [1.049–2.162]) showed the highest association
with hypertension + stroke, followed by TBFWH (p = 0.0257, OR = 1.495 [1.050–2.128]) in crude
analysis. However, these associations disappeared following adjustment for confounders. Among
the BMD variables, LABMD (p < 0.0001, OR = 0.542 [0.396–0.742]; adjusted p = 0.0031, adjusted
OR = 0.504 [0.320–0.793]) was the best indicator of hypertension + stroke in the crude and adjusted
analysis. The right arm BMD (RABMD) and right leg BMD (RLBMD) were also shown to be
associated in crude (p < 0.0001, OR = 0.531 [0.384–0.735]; p = 0.0078, OR = 0.0078 [0.570–0.862]) and
adjusted analyses (adjusted p = 0.0054, adjusted OR = 0.528 [0.337–0.0827]; adjusted p = 0.0117,
adjusted OR = 0.537 [0.331–0.870]).

In women, among all variables, age (p < 0.0001, OR = 2.097 [1.588–2.770]) also presented the
strongest association with hypertension + stroke in crude analysis. Among the anthropometric variables,
HT (p < 0.0001, OR = 0.607 [0.474–0.778]), in particular, was negatively associated with hypertension +

stroke; WHtR (p = 0.0008, OR = 1.564 [1.204–2.031]) was associated with hypertension + stroke in crude
analysis, although both associations disappeared following adjustment for confounders. Notably,
among the body fat mass variables, LLF (adjusted p = 0.0036, adjusted OR = 0.391 [0.208–0.734])
and RLF (adjusted p = 0.0211, adjusted OR = 0.460 [0.237–0.890]) only showed association with
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hypertension + stroke following adjusted analysis. Among the BMD indices, PlvBMD and LLBMD
exhibited negative association with hypertension + stroke in crude analysis (p = 0.0161, OR = 0.593
[0.387–0.907]; p = 0.0445, OR = 0.542 [0.298–0.985]), although these associations disappeared following
adjustment for confounders.

In both men and women, age presented the strongest association with hypertension + stroke
upon crude analysis. In the results of the adjusted analysis, WHtR was associated in men but not in
women. The results of the body composition and anthropometric indices association analysis with
hypertension + stroke also differed according to men and women.

Table 5. Comparison of anthropometric and body composition indices in men with both hypertension
and stroke.

Variable
Crude Adjusted

AUC
p-Value OR [95% CI] p-Value OR [95% CI]

Age <0.0001 2.156 [1.644–2.828] - - 0.689 [0.617–0.761]
Anthropometrics

HT 0.0003 0.666 [0.533–0.831] 0.3166 0.859 [0.639–1.156] 0.375 [0.308–0.441]
WT 0.9359 1.010 [0.783–1.304] 0.2595 0.707 [0.387–1.292] 0.451 [0.379–0.523]
WC 0.0026 1.519 [1.157–1.993] 0.2111 1.404 [0.824–2.392] 0.549 [0.470–0.627]
WHtR <0.0001 1.797 [1.382–2.336] 0.0217 1.689 [1.080–2.641] 0.593 [0.514–0.671]
BMI 0.0336 1.329 [1.022–1.728] - - 0.513 [0.433–0.593]

Body fat mass
HDF 0.4369 1.149 [0.809–1.633] 0.5465 1.156 [0.721–1.853] 0.535 [0.455–0.615]
LAF 0.0949 1.319 [0.953–1.827] 0.9613 1.012 [0.634–1.614] 0.535 [0.457–0.612]
RAF 0.0471 1.411 [1.005–1.981] 0.5363 1.194 [0.679–2.100] 0.548 [0.469–0.628]
TF 0.0265 1.506 [1.049–2.162] 0.1542 1.664 [0.825–3.354] 0.551 [0.475–0.627]
LLF 0.0297 1.417 [1.035–1.940] 0.5694 1.162 [0.693–1.947] 0.544 [0.466–0.622]
RLF 0.0447 1.409 [1.008–1.969] 0.6374 1.137 [0.667–1.937] 0.527 [0.447–0.607]
TBFWH 0.0257 1.495 [1.050–2.128] 0.2564 1.509 [0.741–3.075] 0.547 [0.470–0.624]
TBF 0.0256 1.493 [1.050–2.122] 0.2454 1.518 [0.750–3.071] 0.547 [0.470–0.624]

Bone mineral density
HDBMD 0.9911 0.999 [0.774–1.289] 0.8488 1.027 [0.780–1.353] 0.483 [0.413–0.553]
LABMD <0.0001 0.542 [0.396–0.742] 0.0031 0.504 [0.320–0.793] 0.336 [0.264–0.408]
RABMD <0.0001 0.531 [0.384–0.735] 0.0054 0.528 [0.337–0.827] 0.319 [0.246–0.391]
LRibBMD 0.0591 0.693 [0.474–1.014] 0.0668 0.626 [0.379–1.033] 0.373 [0.304–0.443]
RRibBMD 0.4213 0.879 [0.642–1.204] 0.5078 0.890 [0.629–1.258] 0.410 [0.334–0.487]
TSBMD 0.9624 1.012 [0.624–1.640] 0.8941 0.969 [0.606–1.548] 0.426 [0.341–0.511]
LSBMD 0.6851 1.063 [0.791–1.427] 0.7056 0.944 [0.701–1.272] 0.452 [0.368–0.537]
PlvBMD 0.4977 0.837 [0.499–1.403] 0.5975 0.866 [0.507–1.479] 0.389 [0.312–0.466]
LLBMD 0.5718 0.833 [0.442–1.571] 0.6264 0.856 [0.456–1.605] 0.343 [0.269–0.417]
RLBMD 0.0078 0.570 [0.377–0.862] 0.0117 0.537 [0.331–0.870] 0.318 [0.248–0.388]
TBMDWH 0.0872 0.692 [0.454–1.055] 0.1221 0.689 [0.429–1.105] 0.351 [0.276–0.426]
TBMD 0.2079 0.800 [0.564–1.133] 0.3021 0.833 [0.589–1.179] 0.389 [0.319–0.458]

Adjusted for age, body mass index (BMI), alcohol consumption, smoking, income, recognized stress rate, and
education level. The results are from crude and adjusted analyses by binary logistic regression. AUC, area under
the curve; HT, height; WT, weight; WC, waist circumference; WHtR, waist-to-height ratio; HDF, head fat mass; LAF,
left arm fat mass; RAF, right arm fat mass; TF, total fat mass, LLF, left leg fat mass; RLF, right leg fat mass; TBFWH,
total body fat without the head; TBF, total body fat; HDBMD, head bone mineral density; LABMD, left arm bone
mineral density; RABMD, right arm bone mineral density; LRibBMD, left rib bone mineral density; RRibBMD,
right rib bone mineral density; TSBMD, thoracic spine bone mineral density; LSBMD, lumbar spine bone mineral
density; PlvBMD, pelvis bone mineral density; LLBMD, left leg bone mineral density; RLBMD, right leg bone
mineral density; TBMDWH, total bone mineral density without the head; TBMD, total bone mineral density.
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Table 6. Comparison of anthropometric and body composition indices in women with both hypertension
and stroke.

Variable
Crude Adjusted

AUC
p-Value OR [95% CI] p-Value OR [95% CI]

Age <0.0001 2.097 [1.588–2.770] - - 0.707 [0.640–0.774]
Anthropometrics

HT <0.0001 0.607 [0.474–0.778] 0.6095 0.922 [0.674–1.261] 0.370 [0.257–0.483]
WT 0.5579 0.891 [0.604–1.313] 0.8087 0.928 [0.506–1.701] 0.521 [0.398–0.643]
WC 0.0672 1.337 [0.980–1.824] 0.8647 1.069 [0.494–2.315] 0.690 [0.583–0.798]
WHtR 0.0008 1.564 [1.204–2.031] 0.7622 1.138 [0.493–2.624] 0.731 [0.632–0.829]
BMI 0.2297 1.202 [0.890–1.624] - - 0.615 [0.503–0.728]

Body fat mass
HDF 0.7080 0.910 [0.554–1.493] 0.6517 0.883 [0.515–1.515] 0.468 [0.339–0.597]
LAF 0.3996 1.280 [0.720–2.278] 0.2710 1.588 [0.696–3.625] 0.526 [0.404–0.649]
RAF 0.6832 1.127 [0.634–2.005] 0.7463 0.833 [0.274–2.529] 0.460 [0.345–0.576]
TF 0.1588 1.270 [0.910–1.771] 0.3458 0.627 [0.238–1.656] 0.565 [0.459–0.671]
LLF 0.2851 0.785 [0.504–1.224] 0.0036 0.391 [0.208–0.734] 0.430 [0.309–0.550]
RLF 0.4357 0.825 [0.508–1.339] 0.0211 0.460 [0.237–0.890] 0.436 [0.314–0.557]
TBFWH 0.5755 1.121 [0.752–1.671] 0.1221 0.367 [0.103–1.309] 0.519 [0.409–0.629]
TBF 0.5882 1.118 [0.747–1.672] 0.1219 0.362 [0.100–1.313] 0.517 [0.407–0.628]

Bone mineral density
HDBMD 0.2313 0.689 [0.373–1.270] 0.6477 0.809 [0.326–2.011] 0.356 [0.247–0.465]
LABMD 0.2648 0.735 [0.427–1.264] 0.7778 0.920 [0.513–1.649] 0.392 [0.267–0.517]
RABMD 0.1083 0.688 [0.436–1.086] 0.6895 0.876 [0.458–1.678] 0.395 [0.284–0.505]
LRibBMD 0.5438 0.861 [0.532–1.396] 0.9571 0.982 [0.498–1.936] 0.426 [0.300–0.551]
RRibBMD 0.9698 0.993 [0.676–1.458] 0.3437 1.179 [0.838–1.660] 0.472 [0.356–0.587]
TSBMD 0.0802 0.647 [0.397–1.054] 0.3423 0.756 [0.424–1.348] 0.352 [0.246–0.457]
LSBMD 0.3061 1.152 [0.878–1.510] 0.1156 1.211 [0.954–1.539] 0.430 [0.282–0.579]
PlvBMD 0.0161 0.593 [0.387–0.907] 0.1079 0.551 [0.266–1.140] 0.375 [0.277–0.473]
LLBMD 0.0445 0.542 [0.298–0.985] 0.2716 0.656 [0.309–1.393] 0.359 [0.245–0.473]
RLBMD 0.8163 0.906 [0.391–2.095] 0.5771 1.113 [0.764–1.620] 0.388 [0.262–0.513]
TBMDWH 0.1298 0.698 [0.438–1.112] 0.5830 0.850 [0.475–1.520] 0.403 [0.285–0.521]
TBMD 0.1519 0.687 [0.411–1.149] 0.5981 0.828 [0.411–1.670] 0.374 [0.263–0.486]

Adjusted for age, body mass index (BMI), alcohol consumption, smoking, income, recognized stress rate and
education level. The results are from crude and adjusted analyses by binary logistic regression. AUC, area under
the curve; HT, height; WT, weight; WC, waist circumference; WHtR, waist-to-height ratio; HDF, head fat mass; LAF,
left arm fat mass; RAF, right arm fat mass; TF, total fat mass, LLF, left leg fat mass; RLF, right leg fat mass; TBFWH,
total body fat without the head; TBF, total body fat; HDBMD, head bone mineral density; LABMD, left arm bone
mineral density; RABMD, right arm bone mineral density; LRibBMD, left rib bone mineral density; RRibBMD,
right rib bone mineral density; TSBMD, thoracic spine bone mineral density; LSBMD, lumbar spine bone mineral
density; PlvBMD, pelvis bone mineral density; LLBMD, left leg bone mineral density; RLBMD, right leg bone
mineral density; TBMDWH, total bone mineral density without the head; TBMD, total bone mineral density.

Figures 5 and 6 show the hypertension + stroke identification power of anthropometric and body
composition (fat mass and BMD) indicators based on the AUC analysis in Korean men and women.
Only five indicators with the highest AUC values are shown. Age presented the highest AUC value
among all the variables in both men and women (AUC = 0.689 [0.617–0.761]; AUC = 0.707 [0.640–0.774],
respectively). WHtR demonstrated strong identification power among the anthropometric indices in
both men and women (AUC = 0.593 [0.514–0.671]; AUC = 0.731 [0.632–0.829]). For body composition,
TF (AUC = 0.551 [0.475–0.627]) showed an association in men, and PlvBMD (AUC = 0.375 [0.277–0.473])
exhibited strong identification power in women.
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4. Discussion

In this study, anthropometric and body composition indices were examined as potential risk
factors for hypertension and hypertension + stroke. In a previous study of anthropometric indices
and hypertension, Fuchs et al. [19] evaluated 592 randomly selected patients and obtained the hazard
ratio (HR) and p-value for evaluation. BMI (HR = 1.042, p = 0.091), WC (HR = 1.023, p = 0.028),
WHtR (HR = 1.042, p = 0.013), and WHR (HR = 1.033, p = 0.006) were highlighted after adjusting
for age, baseline BP, sex, and alcohol consumption, respectively. The related WC indices were
associated with hypertension. Alternatively, a study based on Canadian heart health population-based
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cross-sectional surveys that targeted 9913 men and women aged 18–74 years, selected from among
five Canada hospitals, utilized WC, WHR, and BMI for association analysis to compare various risk
factors as indicators of CVD [20]. Data analysis according to sensitivity, specificity, and positive
and negative predictive values using receiver operating characteristic curves identified WC as the
best indicator of other cardiovascular risk factors [20]. Another study evaluated the relationship of
body mass and fat distribution with hypertension through visceral and subcutaneous adipose tissue
measurements obtained by magnetic resonance and proton-spectroscopic imaging, along with lower
body fat ascertained by DXA [21]. Only visceral adipose tissue (relative risk (RR) = 1.22, CI [1.06–1.39])
was independently associated with hypertension; in comparison, increased visceral adiposity was
robustly associated with incident hypertension but not total or subcutaneous adiposity [21]. Moreover,
the association between CVD (related to hypertension) and abdominal and gynoid fat mass was
evaluated in a cross-sectional study of 175 men and 417 women who were participants in a community
intervention program for investigating the contribution of estimated regional fat mass [22]. In men,
abdominal fat mass was the strongest predictor of most cardiovascular variables (OR [2.63–3.37]),
whereas in women, gynoid fat mass showed the strongest association (OR [1.48–2.19]), suggesting
that abdominal fat mass is strongly independently associated with hypertension [22]. The association
of (untreated) hypertension with BMD as measured by DXA was also evaluated in 31 patients as
compared with 14 control Japanese women [23]. Analysis using t-tests and regression models revealed
that the lumbar spine BMD was decreased in patients with hypertension, suggesting an association of
hypertension with reduced BMD [23].

Several studies on the association of stroke with risk factors have also been conducted. Evaluation
of the association of obesity and abdominal fat mass with stroke using the data of patients collected
in 3188 primary care offices in Germany, encompassing 6980 study participants divided into 1745
patients with stroke and 5235 control subjects, revealed WC (OR = 1.15 [1.00–1.32]), WHR (OR = 1.21
[1.05–1.38]), and WHtR (OR = 1.25 [1.09–1.44]) as associated with stroke and transient ischemic attack,
albeit stronger predictors for stroke [24]. A study of body size and stroke risk using anthropometric
indices incorporating 45,449 women below 60 years of age and estimated multivariate RR using Cox
proportional hazards regression models identified WHR (RR = 2.4), WHtR (RR = 2.5), and WC (RR = 2.3)
as associated with stroke, suggesting that in women, abdominal obesity but not BMI constituted a
strong predictor of stroke [25]. Abdominal adiposity was also identified as the factor most closely
related to stroke in a study of 2751 men and women aged over 40 years, selected and examined for
associations of stroke with fat mass characteristics using HR and CI [26]. In that study, abdominal fat
mass was the best indicator of stroke in women (HR = 1.66, CI [1.23–2.24]). Notably, after adjustment
for BMI, the associations remained significant in both women (HR = 1.80, CI [1.06–3.07]) and men
(HR = 1.71, CI [1.13–2.59]); however, abdominal fat was not retained as a significant factor after
adjusting for diabetes, smoking, and hypertension, resulting in the identification of abdominal fat
mass as the best predictor in women [26]. In a different study, BMD was associated as an independent
risk factor with stroke in 4302 men and women aged 40–75 years through the analysis of HR and CI
values [27]. Specifically, femoral neck BMD (HR = 1.23, CI = 1.01–1.49) was found to constitute an
independent predictor of stroke following adjustment for age, sex, and BMI. Moreover, decreased
BMD and osteoporosis of the femoral neck were independently associated with stroke and death [27].
Finally, evaluation of the association of stroke with low BMD in 63 patients with stroke and 188
normal subjects, including men and women aged over 60 years, identified that femoral neck BMD
(p = 0.007) was 8% lower than that of female control participants. The significance of these results
was maintained after adjustment for BMI, alcohol consumption, previous MI, and medication for
hypertension. However, the association of stroke with BMD was not observed in men [28].

Considerable evidence supports the relationship between hypertension and stroke. Evaluation of
morning hypertension and stroke in 519 elderly individuals with monitored ambulatory BP identified
morning SBP (RR = 1.44) as exhibiting the strongest association with stroke; the differences between
morning and evening SBP were also associated (RR = 1.24), highlighting hypertension as the strongest
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risk factor of stroke [10]. Nevertheless, an analysis of the relationship between prehypertension;
hypertension; and CVD, including ABI, stroke, MI, and CAD found that prehypertension was
associated with MI (RR = 3.5, CI [1.6–7.5]) and CAD (RR = 1.7, CI [1.2–2.4]) but not ABI (RR = 2.2,
CI [0.5–9.3]), thus indicating a lack of relationship between early disease and stroke [12]. In contrast,
untreated hypertension was identified as a highly prevalent and important risk factor for stroke,
as shown using data collected by screening all area hospitals, emergency rooms, radiology reports,
and International Classification of Diseases 9 codes in the greater Cincinnati region [8]. Specifically,
untreated hypertension was a significant risk factor for hemorrhagic stroke (p < 0.0001, OR = 3.5
[2.3–5.2]) [8]. In turn, a study of the association of BP with acute stroke, in which data were analyzed as
OR, weighted mean differences and CI using Cochrane Review Manager software, identified significant
association of mean arterial BP (OR = 1.61 [1.12–2.31]), DBP (OR = 1.71 [1.33–2.48]), and SBP (OR = 2.69
[1.13–6.40]) with ischemic stroke or death, suggesting that decreasing BP might improve the outcome
of stroke treatments [11]. Finally, evaluation of data from patients with first-ever stroke identified
from a community-based stroke registry in 1994–95 in northwest England, including 267 stroke cases
and 534 control subjects, showed a stroke OR of 2.6 after adjusting for hypertension along with a
6-fold increased stroke risk (OR = 6.1 [2.7–13.7]) in patients with hypertension who were smokers [9].
Furthermore, patients with a preexisting history of MI, obesity, or diabetes exhibited 3-fold increased
stroke risk, with the risk steadily increased in patients with hypertension [9]. Together, these results
confirm hypertension as an important risk factor for stroke.

Various studies have been conducted to predict and identify CVD, coronary heart disease, vascular
disease, hypertension, and stroke using machine learning, data mining, and AI techniques [33–35].
Amarbayasgalan et al. [33] proposed the deep neural network for predicting risk factors of coronary
heart disease and compared machine learning techniques such as naïve Bayes, k-nearest neighbor
algorithm, decision tree, and support vector machine. The proposed method presented the highest
AUC value among the compared techniques (AUC = 0.866 [0.852–0.880]. The risk scoring system
was developed for the estimation of multivessel disease (MVD) using the univariate Cox regression
approach in ST-segment elevation myocardial infarction by Ryu et al. [34]. CVD (HR = 2.19) was
a significant factor by multivariate analysis for predicting 1-year mortality in MVD. Heo et al. [35]
proposed a prediction model for the association of hypertension and prehypertension with risk factors
using the Waikato Environment for Knowledge Analysis data mining tool and evaluated 8212 selected
patients. The prediction models were developed using logistic regression, naïve Bayes, and decision
tree. In prehypertension, BMI showed a high association in men (OR = 1.429 [1.304–1.462]) and women
(OR = 1.428 [1.204–1.453]).

The present study yielded results similar to those of previous studies [19–28] with
regard to the association of hypertension with anthropometric indices, fat mass, and BMD.
Specifically, WHtR exhibited the strongest association among the anthropometric variables in both men
and women. With regard to fat mass, FT exhibited a significant association in both men and women,
whereas for BMD, PlvBMD and TSBMD showed a high association in men and women, respectively.
Our results supported the previous findings of sex-based differences in the association of hypertension
with risk factors. In addition, building upon previous findings of correlations between hypertension
and stroke [8–18], our results of risk factor analysis in hypertension + stroke were as follows. Among
all variables except age, WHtR showed the strongest association in both men and women. However,
FT showed an association in men, whereas factors related to leg fat mass were indicated as significantly
involved in women. For BMD, as opposed to fat mass, arm and leg-related factors were shown to
be associated with hypertension + stroke in men, with PlvBMD exhibiting the strongest association
in women.

Overall, the results of this study showed that body composition, fat mass, and BMD had a
significant effect on hypertension and stroke. Specifically, we found that increased fat mass and
decreased BMD were associated with hypertension or hypertension + stroke. Clear differences for
men and women were also associated with each risk factor. To our knowledge, this is the first report of
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the association of anthropometric indices, fat mass, and BMD in patients with hypertension + stroke.
However, this study had several limitations. First, cause and effect associations were difficult to
determine because of the cross-sectional design. Second, our results were limited to Korean adults
because the study was based on KNHANES data.

5. Conclusions

Hypertension and stroke constitute major global health concerns, and considerable efforts have
been made toward their prevention and treatment. In this study, we examined the association of
hypertension with anthropometric variables and body composition and evaluated their correlation
with hypertension and hypertension + stroke. We used binary logistic regression for statistical
analysis. Age, WHtR, TF, PlvBMD, and TSBMD were associated with hypertension; notably, WHtR,
TF, and PlvBMD were also found to represent highly significant risk factors in patients with both
hypertension and stroke. By AUC analysis, age presented strong identification power for disease
among all variables. TF and PlvBMD also exhibited high identification power among body composition
indices. Our findings provide fundamental clinical information necessary to support the prevention
and management of hypertension and stroke and show potential for use as a large-scale screening tool.
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