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Abstract

Objective—Obesity and hypertension often coexist and represent risk factors for atrial 

fibrillation. This study hypothesized that their single and joint effects on atrial remodeling would 

be reflected in the PR interval and P-wave durations on electrocardiogram (ECG).

Methods—This cross-sectional analysis of a community-based study included 11,308 men and 

women age 45–64. Atrial indices were obtained from digital standard 12-lead resting ECG. 

Analyses were adjusted for traditional cardiovascular risk factors.

Results—Both ECG indices displayed a progressive increase across anthropometric indices. 

Each 5-unit increment in body mass index (BMI) increased P-wave duration by 1.9 ms (95% CI 

1.5–2.2) and PR interval by 2.4 ms (95% CI 1.9–3.0), with similar trends for central obesity, even 

among those without obesity by BMI. Both ECG indices displayed graded increases across levels 

of blood pressure control, including prehypertension. A joint effect of overweight and 

hypertension on both ECG indices was detected. P-wave duration or PR interval among people 

with obesity was not additionally increased by hypertension.

Conclusions—P-wave indices increase in general and central obesity. Hypertension exerts an 

incremental effect in people with overweight but not in people with obesity. The study furthered 

the understanding of atrial remodeling in the setting of major atrial fibrillation risk factors.
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Introduction

Despite increased awareness to its clinical consequences and public health burden, the 

prevalence of obesity among U.S. adults remains high (36.5%), with no clear signs of 

decrease (1). Similarly, the prevalence of hypertension (HTN) among adults remained 

unchanged during recent years (30.8%) (2). At the same time, atrial fibrillation (AF) 

represents an increasing clinical and public health problem (3). The prevalence of AF has 

been estimated at 2.7 to 6.1 million in the U.S. (4,5) and at 6.5 to 12.3 million in the EU (6). 

These figures are forecasted to double during the coming decades (7), due to population 

aging and increasing prevalence of predisposing chronic conditions. AF often remains silent 

and undetected (8).

Large epidemiological studies have estimated that about half of the AF risk at population 

level can be explained by traditional cardiovascular disease (CVD) risk factors (9), among 

which, obesity and HTN are the major contributors (10,11). Chronic exposure to these risk 

factors induces an insidious process of atrial electrophysiological remodeling through 

chronic volume and/or pressure overload. Prolongations of the PR interval and of several P-

wave indices derived from the 12-lead resting electrocardiogram (ECG) have been proposed 

as intermediate phenotypes to mark this atrial remodeling process (10,11). Several studies 

have found that these ECG measures are associated with an increased risk of new-onset AF 

(12–15) and are also independently associated with obesity (11,16), metabolic syndrome 

(11), and HTN status (11,17,18). As obesity and HTN have a high prevalence and often 

coexist, we hypothesized that their single and joint effects on atrial remodeling would be 

reflected in the PR interval and P-wave durations.

We conducted this analysis in order to explore the cross-sectional clinical and 

electrocardiographic correlates of P-wave duration and PR interval in a large, community-

based study. Second, we aimed to examine the single and joint effects of overweight/obesity 

and HTN on the P-wave and PR interval durations.

Methods

The Polish-Norwegian Study (PONS) is a prospective community-based investigation of risk 

factors for chronic diseases, conducted in the Kielce region of southeast Poland (19). The 

study enrolled 13,172 men and women, age 45 to 64 years, in 2010 to 2011. The study was 

approved by the ethics committee within the Cancer Center and Institute of Oncology in 

Warsaw, Poland. Trained nurses collected information on participant demographics, lifestyle 

factors, and medical history and conducted physical examinations, anthropometric, ECG, 

and laboratory measurements. Standardized questionnaires collected information on 

education, alcohol, tobacco use (19), and leisure-time physical activity (20). Blood pressure 

was measured twice in a seated position and the average was used for this analysis. HTN 

was defined as a systolic blood pressure (SBP) ≥140 mm Hg, or diastolic blood pressure 

(DBP) ≥90 mm Hg, or self-reported HTN diagnosis or use of anti-hypertensive medications. 

Diabetes was defined as fasting glucose ≥126 mg/dL, or self-reported diagnosis of diabetes, 

or use of antidia-betic medication. History of CVD was defined by any self-reported 

diagnosis of coronary heart disease, heart failure, or stroke. A diagnosis of HTN was not 
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included in this definition. Medication use during the 30-day period before the clinic visit 

was self-reported, inspected, classified, and recorded by a trained nurse at the time of the 

clinic visit.

The present analysis is based on the cross-sectional, baseline data of PONS, from which we 

excluded participants with the following conditions: prevalent AF or flutter (n = 46), lacking 

ECG (n = 118), lacking information on covariates (n = 418), pre-excitation (Wolff-

Parkinson-White) (n = 18), paced rhythms (n = 15), third degree atrioventricular blocks or 

conduction abnormalities with QRS >120 ms (n = 375), PR intervals ≤80 ms or ≥320 ms (n 
= 744), cardiac glycosides, or antiarrhythmic drugs (n = 130).

Anthropometric measurements and definition of the metabolic syndrome

Body mass index (BMI) was calculated as weight (kg) divided by the square of the height 

(m2). The cutoffs for BMI, waist circumference, and waist-to-hip ratio (WHR) were based 

on WHO definitions and obesity was defined as a BMI ≥30 kg/m2. An increased waist 

circumference was defined as ≥88 cm for women and ≥102 cm for men. Metabolic 

syndrome was defined according to the harmonized definition proposed by the International 

Diabetes Federation, American Heart Association, and the National Heart, Lung, and Blood 

Institute (21).

ECG measurements

Study participants underwent a standard 12-lead resting digital ECG in the supine position 

using an AsCARD Mr.Grey v.201 portable electrocardiograph (Aspel Inc., Zabierzow, 

Poland). This machine is commonly used in primary care. This electrocardiograph’s 

software provides automatic analysis, interpretation, and storage of several ECG indices. 

Measures of P-wave duration, PR, RR, and QT intervals, and QRS duration were digitally 

obtained by automated ECG software. Trained nurses visually inspected all ECGs for quality 

and legibility at acquisition. Study cardiologists reviewed all ECG recordings and made a 

judgment whether the ECG was “normal” or presented pathological findings such as AF, 

pathological Q waves, T-wave inversions, and intraventricular conduction defects. Left 

ventricular hypertrophy (LVH) was defined based on Cornell criteria (22). P-wave duration 

and PR interval were not manually measured; instead, they were obtained only by automatic 

measurements.

Statistical analysis

Continuous variables were expressed as means and standard deviations (SD), while 

categorical variables were expressed as percentages. Data were checked for normality using 

quantilequantile plots. To describe distributions and to enable comparisons with other 

studies, we applied standard cut points of 200 ms for the PR interval and of 110 ms and 120 

ms for P-wave duration (23). To explore the relation with other ECG measures, P-wave 

duration and PR interval were treated as quartiles and/or as continuous variables. Trends 

across categorical variables were assessed by the χ2 test for trend. Pearson’s correlation 

coefficient was used to assess correlations between continuous variables. The main analysis 

consisted in estimating the means of the P-wave duration and PR intervals across categories 

of BMI, waist circumference, and blood pressure, using generalized linear models. We 
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adjusted for age, sex, and other covariates in hierarchical models, adding lifestyle variables 

(smoking, alcohol, physical activity, education), CVD risk factors and comorbidities 

(prevalent CVD, diabetes, SBP and DBP, heart rate, cholesterol, antilipidemics, 

antihypertensive drugs), and LVH, sequentially. We tested for interactions by sex by 

including a multiplicative term in the models. We explored nonlinear relations between P-

wave duration and PR interval with BMI, waist circumference, and blood pressure by 

creating cubic splines with knots at the 10th, 25th, 50th, 75th, and 90th percentiles. All P 
values refer to two-sided tests and values <0.05 were considered statistically significant. We 

used the Scheff’e correction to adjust for multiple statistical comparisons. Analyses were 

conducted using SAS version 9.3 (SAS Institute, Cary, NC).

Results

Study population

The study population for this analysis included 11,308 participants and their demographic, 

clinical, and ECG characteristics are presented in Table 1. The prevalence of obesity was 

30.6%. More than one third of the participants had HTN (38.8%) and/or metabolic 

syndrome (38.8%). P-wave duration was ≥110 ms in 39.8% participants and ≥120 ms in 

20% participants. PR interval was ≥200 ms in 524 (4.6%) participants. These percentages 

were higher among men than in women.

ECG correlates

P-wave duration and PR interval were moderately correlated (r = 0.62, P <0.0001) with each 

other. The prevalence of LVH increased significantly across quartiles of P-wave duration 

(5.6%, 5.6%, 6.2%, and 7.1%, P for trend <0.001). The prevalence of left axis deviation 

increased significantly across quartiles of PR interval (4.9%, 6.0%, 6.6%, 7.1%, P for trend 

<0.001). Detailed data are presented in Supporting Information Tables S1 and S2.

Association with anthropometric indices

Both P-wave duration and PR interval exhibited progressive increases with BMI and waist 

circumference, starting at BMI >20 kg/m2 and extending beyond BMI values of 30 kg/m2 

(Figure 1). The associations persisted after adjustment for age, sex, smoking, alcohol, 

physical activity, education, prevalent CVD, diabetes, antilipidemics, antihypertensive drugs, 

SBP and DBP, total and HDL cholesterol, heart rate, and LVH. For each 5-unit increase in 

BMI, P-wave duration increased by 1.9 ms (95% CI 1.5–2.2) and the PR interval increased 

by 2.4 ms (95% CI 1.9–3.0). Each 5-cm increase in waist circumference was associated with 

an increase in P-wave duration of 0.8 ms (95% CI 0.7–1.0) and an increase of 1.1 ms (95% 

CI 0.9–1.4) in the PR interval (Table 2). The association remained significant, with a 

magnitude of 2 to 3 ms, for both ECG indices, even after additionally adjusting for BMI and 

even among people without obesity as defined by BMI. The relations to WHR showed 

similar patterns. Detailed data are presented in Supporting Information Tables S3 and S4.

Association with blood pressure/HTN

Both P-wave duration and PR interval exhibited progressive increases with SBP (Figure 1). 

There was no significant relation with DBP. The linear trend was also present across 

Vaidean et al. Page 4

Obesity (Silver Spring). Author manuscript; available in PMC 2017 September 12.

H
ealth R

esearch A
lliance A

uthor M
anuscript

H
ealth R

esearch A
lliance A

uthor M
anuscript



categorized blood pressure values and the association persisted, even after adjusting for BMI 

and other factors (age, sex, smoking, alcohol intake, physical activity, education, prevalent 

CVD, diabetes antilipemics, antihypertensives, total and HDL cholesterol, heart rate, and 

LVH) (Table 2).

Joint effect of obesity and HTN

We further investigated P-wave duration and PR interval across categories defined by the 

single and joint presence of HTN and increased BMI (Table 2). HTN was associated with 

statistically significant increases in the P-wave duration and PR interval among normal-

weight or overweight individuals, but not among those with obesity. This finding was 

confirmed in multivariable regression models, in which the standardized coefficients for 

BMI were twice the coefficients for SBP. Additional adjustment for LVH had minimal effect 

on the mean estimates. We further explored the prevalence of extreme P-wave duration 

which displayed a monotonically increasing relation with the body weight-HTN status, in 

both sexes (Figure 2).

We also found increasing trends in both indices with increasing number of metabolic 

syndrome components. The association was only mildly attenuated after adjusting for age, 

sex, smoking, alcohol, physical activity, and education. Each additional metabolic syndrome 

component was associated with an increase of 1.2 ms (95% CI 1.0–1.4) in P-wave duration 

and of 1.3 ms (95% CI 1.0–1.7) in the PR interval. However, these relations were mainly 

driven by the overweight/obesity and HTN components of the metabolic syndrome. Neither 

P-wave duration nor PR interval were associated with diabetes or with fasting glucose levels, 

after taking anthropometric measures into account.

Subgroup and sensitivity analyses

We repeated the previous analyses in the subgroup of individuals with ECGs judged as 

“normal” by the study cardiologists (n = 6,564, i.e., 58% of the total sample). The same 

patterns and similar magnitude of statistically significant associations across BMI, waist 

circumference, and blood pressure categories emerged, for both P-wave duration and PR 

interval. Detailed data are presented in the Supporting Information Table S5. We found 

similar associations between P-wave duration or PR interval with anthropometric measures, 

blood pressure, and metabolic syndrome, in a sensitivity analysis conducted after excluding 

those with prevalent CVD (n = 1,528).

Discussion

In this large, community-based study, we found that BMI, waist circumference, and WHR 

had a monotonically increasing association with longer P-wave duration and PR interval, 

even after adjusting for multiple relevant covariates. Both ECG indices were associated with 

SBP and with the level of blood pressure control. While the joint effect of overweight and 

HTN was statistically significant, HTN did not additionally increase P-wave duration or PR 

interval among individuals with obesity.

Our findings on the relations between P-wave indices and BMI are consistent with those 

identified in the ARIC (11) and MESA studies (16). We further showed that central obesity, 
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as measured by waist circumference, increases the two ECG indices, even among those who 

do not have obesity based on BMI alone and who might be at increased AF risk.

Previous studies have shown a relation of AF risk with levels of blood pressure 

(Framingham Heart Study (24), a study in Norwegian men (25) and MESA study (26)). Our 

study extends these findings by showing a graded relation between P-wave indices across 

blood pressure categories, including pre-HTN. These findings may be relevant in light of 

data suggesting that a more aggressive blood pressure control reduces the risk of AF (27).

Similar to the ARIC study (11), we found a relation with the number of metabolic syndrome 

components, a relation mainly driven by obesity and HTN. We expanded these findings by 

investigating the single and joint effects of overweight/obesity and HTN and showed an 

incremental effect of HTN in those with overweight but not those with obesity. Consistent 

with this finding, obesity but not HTN, was associated with the 10-year change in left atrial 

(LA) enlargement, measured echocardiographically in the MONICA/KORA study (28). 

Whether obesity is a stronger risk factor for atrial remodeling than HTN, potentially acting 

through different pathways, remains a question to be addressed by future studies.

The high prevalence of increased P-wave duration (≥110 ms or ≥120 ms) among individuals 

who have HTN, obesity, or overweight has clinical significance. An increased P-wave 

duration was recently found to increase the risk of AF by 22% if between 112 and 119 ms 

and by 50% if between 120 and 139 ms (15) or by 55% when >120 ms versus ≤120 ms (29). 

Similarly, a PR interval >200 ms was associated with a 46% increased risk of incident heart 

failure (12). The role of PR interval in predicting AF is currently unclear and the evidence is 

conflicting. In risk prediction scores incorporating various other clinical characteristics, a PR 

interval prolongation predicted AF in Framingham (14) and Copenhagen (30) studies but not 

in Health ABC study (31) and the Cohorts for Heart and Aging Research in Genomic 

Epidemiology-AF Consortium (32). In the ARIC study, PR prolongation did not have 

incremental predictive value in the presence of P-wave duration prolongation (33). The 

clinical value of P-wave duration and PR interval needs to be interpreted in the light of these 

indices being intermediate phenotypes between various risk factors and AF (10,11).

Strengths of our study include large sample size, extensive information on covariates, 

availability of both machine-read and manually read ECGs for all participants, and analysis 

of relevant variables in both categorical and continuous formats. Our study has several 

limitations. First, a low amplitude P wave may not have been detected by the ECG 

algorithm, potentially leading to systematic measurement error. Second, despite extensive 

adjustment for multiple covariates, residual confounding is still possible, through under-

reported diseases (e.g., valvular diseases, diastolic dysfunction, thyroid diseases, intermittent 

AF). We speculate that the prevalence of such conditions is likely low in our community-

based study. Third, the cross-sectional design precludes inferences about the causality of the 

associations observed, although it is unlikely that P-wave indices could lead to obesity or 

HTN. The cross-sectional design with a single measurement also precludes exploring 

changes in these indices over time and the relation of these changes in the context of obesity 

and HTN. While from an epidemiological perspective, this design poses an inferential 

limitation, from a clinical perspective, similar to a cross-sectional study examination, a 
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routinely performed ECG in a primary care visit setting may raise awareness on the 

importance of atrial remodeling in patients with obesity and/or HTN. Fourth, automatically 

read ECGs provided measurements on a limited number of ECG indices. P-wave indices 

such as P-wave terminal force, mean P-wave area, P-wave durations in various leads (II, III, 

avF), or P-wave morphology were not available. It is unclear whether this limitation led to 

an underestimation of the observed effects. In the ARIC Study, P-wave duration in lead II 

was the strongest predictor of AF, followed by maximum and mean P-wave duration (13). In 

the same cohort, advanced interatrial block was associated with a threefold increase in AF 

risk (34). While the lack of additional P-wave indices limits our ability to refine our analysis, 

our findings have potential “real life” generalizability, as this type of digital ECG readings 

are commonly used during routine medical exams.

Lastly, our study population consisted of community-recruited individuals and the aim of 

our study is primary prevention. Thus, we did not perform echocardiography or cardiac 

magnetic resonance to measure LA size. LA size is a strong AF risk factor, and whether the 

association of P-wave indices with obesity/HTN is mediated by LA enlargement remains 

outside the scope of our study. However, recent studies have shown that P-wave can be 

longer irrespective of LA size. For instance, independently of LA size, prolonged P-wave 

duration was associated with higher recurrence rates of AF (35) and higher LA pressure (36) 

Impaired LA function such as early LA strain was found in patients with HTN and diabetes 

who had normal LA sizes (37). Complex molecular pathways may be at play. For instance, 

atrial fibrosis and/or autonomic atrial remodeling can both independently affect the atrial 

conduction (38,39). Considerable evidence has been accumulating recently about the 

arrhythmogenic effects of cardiac fat. For instance, increased LA fat was associated with AF 

burden independent of age, BMI, or LA area (40). Thus, the prolongation of P-wave indices 

in patients with obesity/HTN is likely complex and may involve LA size along with other 

multifactorial pathways.

Our findings have potential implications for clinical practice. Several previous studies 

investigating P-wave indices have used advanced methods and computing platforms to 

analyze the digitized ECGs in specialized central reading laboratories. Yet such advanced 

methods are rarely available in primary care. Automated measurements of the P-wave 

duration and PR interval, such as those used in our study, are available with many standard, 

digital, office-based ECG machines. Such easily obtained measures provide an opportunity 

to increase the awareness of unrecognized AF risk factors or markers. Our study suggests 

that even among ECGs visually interpreted by cardiologists as “normal,” automatically read 

P-wave duration and PR interval may signal early atrial electrophysiological remodeling 

among patients with HTN, overweight, or obesity. Future studies are needed to investigate 

whether incorporating serial P-wave measures in risk assessment is valuable in monitoring 

the AF risk in these patients.

Conclusion

Our study suggests that P-wave indices increase not only in general obesity, but also in 

central obesity, even among those who do not have obesity based on BMI alone. We showed 

a gradual increase of P-wave indices across blood pressure categories, including pre-HTN. 
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Our findings suggest an incremental effect of HTN in people with overweight but not in 

people with obesity. Our study furthers our understanding of atrial remodeling in the setting 

of major AF risk factors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Association of (A) P-wave duration and (B) PR interval with BMI, waist circumference, and 

systolic blood pressure in PONS. Cubic restricted splines showing mean durations and 95% 

confidence intervals (dotted lines).
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Figure 2. 
Sex-specific prevalence of increased (A) P-wave duration and (B) PR interval, by body 

weight-HTN status in PONS. [Color figure can be viewed at wileyonli-nelibrary.com.]
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TABLE 1

Demographic and clinical characteristics of the PONS participants

N=11,308

Age (years) 55.6 (5.4)

Men, N (%) 3,663 (32.4)

Smoking, current, N (%) 2,216 (19.6)

Systolic blood pressure (mm Hg) 137.6 (19.2)

Diastolic blood pressure (mm Hg) 82.2 (10.6)

Total cholesterol (mg/dL) 210.1 (38.5)

LDL cholesterol (mg/dL) 127.2 (33.9)

HDL cholesterol (mg/dL) 59.1 (14.6)

Metabolic syndrome, N (%) 4,382 (38.8)

Hypertension, N (%) 4,390 (38.8)

Diabetes, N (%) 687 (6.1)

Total cardiovascular diseases, N (%) 1,528 (13.5)

Obesity measures

 BMI (kg/m2) 28.2 (4.7)

  BMI ≤24.9 2,916 (25.8)

  BMI 25–29.9 4,935 (43.6)

  BMI ≥30 3,457 (30.6)

 Waist circumference (cm) 91.8 (12.5)

 Increased waist circumference, N (%) 5,147 (45.5)

 Waist-hip ratio 0.89 (0.1)

ECG measures

 P-wave duration (ms) 106.7 (16.3)

 PR interval duration (ms) 156.3 (24.3)

 Heart rate (bpm) 67 (10)

 QRS duration (ms) 92.7 (9.4)

 QT interval duration (ms) 418.7 (30.8)

 Left axis deviation, N (%) 695 (6.1)

 LVH, N (%) 379 (3.4)

 Intraventricular conduction defects, N (%)

  QRS ≥120 ms 88 (0.8)

  Right bundle branch block (complete and incomplete) 1,590 (14.1)

  Left bundle branch block 10 (0.1)

 Pathological Q wave, N (%) 772 (6.8)

 T-wave inversion, N (%) 572 (5.1)

Values are means (SD) except as noted.

LDL, low-density lipoprotein; HDL, high-density lipoprotein; BMI, body mass index; ECG, electrocardiogram; LVH, left ventricular hypertrophy.
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TABLE 2

Association of P-wave duration and PR interval with obesity and blood pressure: multivariable adjusted 

models

Clinical characteristic P-wave duration, ms, mean (95% CI) PR interval, ms, mean (95% CI)

Association with general obesity (BMI)

 ≤24.9 kg/m2 104.55 (103.93–105.18) 153.60 (152.68–154.53)

 25–29.99 kg/m2 106.39 (105.94–106.84) 155.72 (155.05–156.39)

 ≥30 kg/m2 109.01 (108.44–109.57)** 159.23 (158.39–160.08)**

 Per 5-unit increment +1.86 (1.50–2.22) +2.44 (1.90–2.98)

Association with visceral obesity (waist circumference)

 ≤93.9 cm (M), ≤79.9 cm (W) 104.90 (104.28–105.53) 153.88 (152.95–154.81)

 94–101.9 cm (M), 80–87.9 cm (W) 106.36 (105.81–106.91) 155.64 (154.81–156.46)

 ≥102 cm (M), ≥88 cm (W) 107.96 (107.50–108.42)** 157.97 (157.28–158.66)**

 Per 5-cm increment +0.82 (0.67–0.97) +1.13 (0.90–1.35)

Association with visceral obesity (WHR)

 WHR <0.90 (M), <0.85 (W) 105.58 (105.08–106.08) 154.70 (153.96–155.45)

 WHR ≥0.90 (M), ≥0.85 (W) 107.46 (107.07–107.86)* 157.26 (156.67–157.86)*

Association with blood pressure/HTN status

 <120/80 mm Hg 105.10 (104.33–105.89) 155.30 (154.13–156.47)

 120–139/80–89 mm Hg 106.67 (106.29–107.05) 156.15 (155.58–156.72)

 ≥140/90 mm Hg 107.76 (107.17–108.36)* 157.02 (156.14–157.91)**

 Systolic blood pressure per 10–unit increment 0.48 (0.32–0.65) 0.41 (0.16–0.66)

 Diastolic blood pressure per 10-unit increment 0.67 (0.37–0.97) 0.52 (0.08–0.97)

Association with obesity and HTN, single and joint effects

 Normal weight, normotensive 103.65 (102.96–104.33) 152.46 (151.44–153.49)

 Normal weight, hypertensive 105.47 (104.16–106.78) 154.83 (152.88–156.79)

 Overweight, normotensive 105.51 (104.94–106.08) 154.33 (153.48–155.17)

 Overweight, hypertensive 107.80 (107.05–108.55) 157.97 (156.84–159.09)

 Obesity, normotensive 109.15 (108.32–109.98) 159.27(158.03–160.51)

 Obesity, hypertensive 109.81 (109.07–110.55)** 160.35 (159.24–161.45)**

Association with metabolic syndrome (no. components)

 0 102.79 (101.91–103.66) 152.13 (150.82–153.43)

 1 106.05 (105.44–106.66) 154.90 (15.96–155.77)

 2 106.98 (106.38–107.57) 156.68 (155.80–157.57)

 3 107.40 (106.71–108.09) 157.17 (156.14–158.20)

 4 108.85 (108.03–109.67) 158.53 (157.31–159.76)

 5 109.05 (107.91–110.20)** 159.80 (158.10–161.51)**

Generalized linear models with P-wave indices as dependent variables were used to obtain adjusted least square means for P-wave indices. Linear 
models were used for estimating increment per unit. P values for trend were calculated across the levels of categorical variables.

*
P for trend <0.05;
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**
P for trend <0.0001.

BMI, body mass index; WHR, waist-to-hip ratio; HTN, hypertension.
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