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Abstract

Background

Previous studies have explored the relationship between body mass index (BMI) and multi-

morbidity. However, the relationship between other obesity indicators and their dynamic

changes and multimorbidity has not been systematically estimated. Therefore, we aimed to

investigate the association of BMI and other obesity indicators, including waist circumfer-

ence (WC), waist-to-height ratio (WHtR), waist divided by height0.5 (WHT.5R), and body

roundness index (BRI) and their changes and the risk of multimorbidity in middle-aged and

older adults through a retrospective cohort study.

Methods

Data collected from annual health examination dataset in the Jinshui during 2017 and 2021.

Cox regression models were used to calculate hazard ratios (HRs) and 95% confidence

intervals (CIs) to evaluate the effect of baseline and dynamic changes in the anthropometric

indices on the risk of multimorbidity.

Results

A total of 75,028 individuals were included in the study, and 5,886 participants developed

multimorbidity during the follow-up. Multivariate Cox regression analysis revealed a progres-

sive increase in the risk of multimorbidity with increasing anthropometric indicators (BMI,

WC, WHtR, WHT.5R, and BRI) (all P<0.001). Regardless of general obesity status at base-

line, increased WC was associated with a high risk of multimorbidity. Compared to the sub-

jects with baseline BMI<24 kg/m2 and WC<90 (men)/80 (women), the HRs (95% CI) of the

baseline BMI<24 kg/m2 and WC�90 (men)/80 (women) group and BMI�24 kg/m2 and

WC�90 (men)/80 (women) group were 1.31 (1.08, 1.61) and 1.82 (1.68, 1.97), respectively.

In addition, the dynamics of WC could reflect the risk of multimorbidity. When subjects with
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baseline WC<90 (men)/80 (women) progressed to WC�90 (men)/80 (women) during fol-

low-up, the risk of multimorbidity significantly increased (HR = 1.78; 95% CI, 1.64, 1.95),

while the risk of multimorbidity tended to decrease when people with abnormal WC at base-

line reversed to normal at follow-up (HR = 1.40; 95% CI, 1.26, 1.54) compared to those who

still exhibited abnormal WC at follow-up (HR = 2.00; 95% CI, 1.82, 2.18).

Conclusions

Central obesity is an independent and alterable risk factor for the occurrence of multimorbid-

ity in middle-aged and elderly populations. In addition to the clinical measurement of BMI,

the measurement of the central obesity index WC may provide additional benefits for the

identification of multimorbidity in the Chinese middle-aged and elderly populations.

Introduction

Multimorbidity (the coexistence of two or more chronic diseases) is an increasing global pub-

lic health concern [1]. Investigations indicated that a quarter of adults have multimorbidity,

with some estimates as high as 98% among older adults [2, 3]. Compared to those with one or

no chronic diseases, people with multimorbidity are at an increased risk for functional decline

[4] and mortality [5], poorer quality of life [6], and greater health care use [7]. Epidemiological

studies have found that multimorbidity is common in middle-aged and elderly people, espe-

cially among the obese population [8]. As the largest developing country, China also faces seri-

ous challenges due to its large chronic disease burden [9]. Evidence has shown that 43.6% of

community-dwelling people over the age of 60 in China have multimorbidity [10]. Therefore,

identifying the high-risk population of multimorbidity early is crucial to preventing multimor-

bidity and improving prognoses.

Obesity is recognized as a major alterable risk factor for the development of multimorbidity

[11]. Thus, monitoring changes in obesity is of medical importance to prevent the develop-

ment of multimorbidity. As anthropometric measurements are a widely used, noninvasive,

and cost-saving public health tool, the search for more effective anthropometric indicators

associated with the risk of developing multimorbidity has important clinical and public health

implications. Currently, BMI is still the most widely used indicator to measure general obesity.

In addition, central obesity has been of increasing interest to a wide range of researchers.

Numerous studies have shown that central obesity is more closely associated with metabolic

syndrome and cardiovascular diseases (CVD) than general obesity and is also an independent

risk factor for mortality [12, 13].

Central obesity includes several established and novel indices. Waist circumference (WC) is

a commonly used clinical indicator that is strongly associated with the development of CVD,

diabetes, hypertension, cancer, and kidney diseases [14, 15]. However, WC does not take into

account differences in height and therefore may lead to overestimating the risk for taller people

or underestimating the risk for shorter people. The waist-to-height ratio (WHtR) balances the

effect of height in addition to WC and is an alternative measurement for visceral fat [16], and

is considered a better screening tool for diabetes, hypertension, and CVD than BMI and WC

[17]. Waist divided by height0.5 (WHT.5R) is a new waist circumference ratio indicator that

excludes the effects of height and elements of adiposity and is considered an optimal predictor

of cardiovascular disease [18]. In addition, a new geometric index that combines height, waist

circumference (WC), and hip circumference (HC) has been proposed and used, specifically,
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the body roundness index (BRI) [19]. Some studies have revealed that BRI is significantly asso-

ciated with the occurrence of metabolic syndrome, insulin resistance, and CVD [20, 21].

Although the above measures have been widely used in various studies, most of the previous

studies were based on a cross-sectional design and tended to focus on the association between

a single indicator of obesity and multimorbidity and the relationship between different obesity

indicators and their dynamic changes and multimorbidity has not been systematically

estimated.

Therefore, the present study aimed to compare the correlation between baseline and chang-

ing trends in BMI, WC, WHtR, WHT.5R, and BRI and the development of multimorbidity in

Chinese adults aged 45 to 85 years.

Methods

Study design and participants

The present study was based on an annual health screening dataset from the Electronic Health

Management Center of Jinshui District, Zhengzhou City, Henan Province, China. The annual

health screening program in Jinshui District is organized and led by the Zhengzhou Health

Commission and is an important part of China’s basic public health service program. The sur-

vey is organized and implemented by the Zhengzhou Community Health Centre. From Janu-

ary 2017 to October 2021, the study cohort included 120,218 subjects with�2 physical

examination data and no multimorbidity at baseline. From these 120,218 participants, we first

excluded 24,560 participants aged<45 years and>85 years. Then, we excluded those with less

than one year of follow-up (n = 7,505), those with missing data regarding marriage, height,

weight, WC, smoking, drinking, or physical activity at baseline or follow-up (n = 13,088), and

those who died during follow-up due to disease or other causes (n = 37). The Inclusion criteria

in this study were as follows: (1) with�2 physical examination data; (2) with no multimorbid-

ity at baseline; (3) aged 45 to 85 years; (4) follow-up time more than 1 year; (5) no missing data

for marriage, height, weight, WC, smoking, drinking, or physical activity. Finally, a total of

75,028 participants were included in the retrospective analysis (S1 Fig). The Ethics Committee

of Zhengzhou University approved the administration of this study (Reference Number:

ZZUIRB2019-019), and the study team received permission to use the data granted by the

Zhengzhou Health Committee.

According to the Working Group on Obesity in China (WGOC), overweight and obesity

were defined as 24kg/m2�BMI<28kg/m2, and BMI�28kg/m2, respectively [22]. Central obe-

sity was defined as WC�90 cm in men and WC�80 cm in women as defined by the Interna-

tional Diabetes Federation [23], and elevated WHtR was defined as�0.5 [16]. Due to the lack

of uniform classification criteria, 6.76 and 4.84 were chosen as thresholds for WHT.5R, and

BRI, respectively, with calculations being based on the Youden index.

Information on common chronic diseases diagnosed by residents or self-reported by sub-

jects was recorded as follows: (1) hypertension, (2) diabetes, (3) heart disease (including myo-

cardial infarction, coronary heart disease, angina, congestive heart failure, or other heart

problems), (4) stroke, (5) chronic obstructive pulmonary disease (COPD), (6) cancer (includ-

ing any malignant tumors except for skin cancer), and (7) psychiatric problems. In the present

study, multimorbidity was defined as the presence of two or more chronic diseases in a person,

which is consistent with previous studies [24–26].

Data collection

To collect information, trained medical staff organized by hospitals and community health

centers create health records for residents who attend annual physical examinations. Marital
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status was divided into couple and single, where single included unmarried, divorced, wid-

owed, or others. The study population was divided into nonsmokers and previous/current

smokers according to the criteria of having smoked at least 100 cigarettes in their lifetime and

whether they were current smokers [27]. Drinking was divided into two categories: current

and former/never. Physical activity was classified as yes or no according to whether the fre-

quency of exercise was greater than one time per week. The study subjects wore light clothing

and bare feet for height, weight, and waist measurements [28]. Body height and weight were

measured via a standard digital weighing scale and stadiometer, respectively. WC was mea-

sured using a calibrated tape measure while the subject was standing and during slight

expiration.

Based on height, weight, and waist circumference information, BMI, WHtR, WHT.5R, and

BRI information were also collected from the study subjects. BMI was calculated as weight

(kg)/height2(m2); WHtR was calculated as WC (m)/height (m) [16]; WHT.5R was calculated

as WC (cm)/height0.5 (cm0.5) [18]; and BRI was calculated as 364.2−365.5�sqrt (1-(WC (m)/

(2π))2/(0.5�height (m))2) [19] (S1 Table).

Statistical analysis

All continuous variables were expressed as the mean ± standard deviation (SD) and median

(first quartile, third quartile), according to whether they conformed to a normal distribution.

Categorical variables were expressed as numbers and frequencies. Chi-square tests were used

for the comparison of categorical variables, and the Kruskal-Wallis rank-sum test was used for

the comparison of continuous variables. Baseline and last follow-up data were used to repre-

sent dynamic changes in anthropometric indicators. Univariate Cox regression models were

used to assess the association of demographic and anthropometric indicators (BMI, WC,

WHtR, WHT.5R, and BRI) with multimorbidity. Multifactorial Cox regression models were

conducted to evaluate the independent effects of two-by-two combinations of BMI, WC, and

WHtR and baseline and dynamic changes in BMI, WC, WHtR, WHT.5R, and BRI on the

occurrence of multimorbidity. Three Cox regression models were established: the unadjusted

model; Model 1 with adjustment for gender, age, and marital status; and Model 2 adjusted for

confounders including gender, age, marital status, smoking, alcohol consumption, and physi-

cal activity. The proportional hazard assumption was verified with graphical methods. In addi-

tion, interaction and stratification analyses were performed to assess potential interactions

between WC and demographic indicators and other anthropometric indicators (BMI, WHtR,

WHT.5R, and BRI).

The sensitivity analysis was performed in two cases: the first was the populations excluding

subjects with one chronic disease at baseline, and the second was included in the model analy-

sis using age stratification. P values in this study were all two-tailed and were considered statis-

tically significant when P<0.05. All analyses were performed using SPSS V.21.0 (IBM), and the

forest plot was generated by GraphPad Prism 8.

Results

Characteristics of the participants

The baseline characteristics of the study subjects with and without multimorbidity are pre-

sented in Table 1. Overall, 75,028 subjects with a mean baseline age of 64.83 years were studied,

55.7% of whom were women and 44.3% of whom were men. After a median follow-up of 3.09

years (IQR: 2.17–3.64), multimorbidity occurred in 5,886 participants, including 3,288 women

and 2,598 men. The disease composition of these patients with multimorbidity is presented in

S2 Table. Subjects who developed multimorbidity had higher levels of BMI, WC, WHtR,
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WHT.5R, and BRI than those who did not (P<0.001). Additionally, those subjects who devel-

oped multimorbidity were older and were often physically inactive compared to subjects who

did not develop multimorbidity during the follow-up.

Association between baseline anthropometric indices and risk of

multimorbidity

The relationship between baseline demographic indices and the development of multimorbid-

ity is presented in S3 Table. The results of the Cox proportional hazards regression model indi-

cated that the occurrence of multimorbidity was negatively associated with drinking and

physical activity and positively associated with age (P<0.001).

Table 2 and Fig 1 presents the HRs and 95% CIs for the association of multimorbidity with

the five indicators (BMI, WC, WHtR, WHT.5R, and BRI) at baseline. In the fully adjusted

model, those subjects with BMI�24 (HR 1.27, 95% CI 1.20–1.34) and�28 (HR 1.82, 95% CI

1.69–1.96) had a significantly higher risk of multimorbidity with BMI<24 as the reference

group. Using internationally accepted diagnostic methods for central obesity, subjects with

WC obesity (HR 1.53, 95% CI 1.43–1.65) and WHtR obesity (HR 1.28, 95% CI 1.21–1.35) were

at significantly increased risk of multimorbidity compared to those with normal WC and nor-

mal WHtR. In addition, the best cutoff value was obtained based on the Youden index for the

Table 1. Baseline characteristics of subjects who did and didn’t develop new-onset multimorbidity during follow-up.

Total (75,028) Multimorbidity (5,886) No multimorbidity (69,142) p value

Age (years) 64.83±8.71 67.60±7.41 64.60±8.77 <0.001���

Sex ((n (%)) 0.764

Men 33,262 (44.3%) 2,598 (44.1%) 30,664 (44.3%)

Women 41,766 (55.7%) 3,288 (55.9%) 38,478 (55.7%)

Marital status ((n (%)) 0.020�

Couple 66,249 (88.3%) 5,253 (89.2%) 60,996 (88.2%)

Single 8,779 (11.7%) 633 (10.8%) 8,146 (11.8%)

BMI (kg/m2) 24.36±2.75 25.19±3.10 24.29±2.71 <0.001���

WC (cm) 83.05±7.65 84.86±8.74 82.90±7.52 <0.001���

WHtR 0.51±0.18 0.52±0.06 0.50±0.05 <0.001���

WHT.5R 6.50±0.63 6.66±0.68 6.49±0.59 <0.001���

BRI 4.54±0.73 4.73±0.83 4.52±0.72 <0.001���

Smoking (n (%)) 0.001��

Never 71,816 (95.7%) 5,584 (94.9%) 66,232 (95.8%)

Current or previous 3,212 (4.3%) 302 (5.1%) 2,910 (4.2%)

Drinking (n (%)) <0.001���

Former/Never 71,565 (95.4%) 5,531 (94.0%) 66,034 (95.5%)

Current 3,463 (4.6%) 355 (6.0%) 3,108 (4.5%)

Physical activity (n (%)) <0.001���

Less than once a week 36,112 (48.1%) 2,242 (38.1%) 33,870 (49.0%)

More than once a week 38,916 (51.9%) 3,644 (61.9%) 35,272 (51.0%)

Continuous data are shown as the mean ± SD and categorical data as n (%).

BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; WHT.5R, waist divided by height0.5; BRI, body roundness index.

�P-value < 0.05;

��P-value < 0.01;

���P-value < 0.001.

https://doi.org/10.1371/journal.pone.0276216.t001
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new anthropometric index, with an increased risk of multimorbidity when WHT.5R�6.76

(HR 1.42, 95% CI 1.35–1.50) and BRI�4.84 (HR 1.39, 95% CI 1.32–1.47). Among the above

indices, WC was more strongly correlated with the risk of multimorbidity. After full adjust-

ment for sex, age, marriage, drinking status, smoking status, and physical activity status at

baseline, elevations in each of the anthropometric measures included in the analysis were inde-

pendently associated with an increased risk of multimorbidity (Table 2) as follows: BMI (HR

1.23, 95% CI 1.21–1.26); WC (HR 1.18, 95% CI 1.15–1.21); WHtR (HR 1.20, 95% CI 1.17–

1.23); WHT.5R (HR 1.19, 95% CI 1.16–1.22); and BRI (HR 1.21, 95% CI 1.18–1.24). Sensitivity

analysis revealed that the results remained robust after excluding participants with one chronic

condition at baseline and stratified by age. (S4 and S5 Tables).

As presented in Table 3, the risk of new-onset multimorbidity was significantly increased at

baseline for men with WC�90 cm or women with WC�80 cm, regardless of whether BMI

was within normal limits (BMI<24kg/m2), and elevated baseline WC (WC�90 cm in men or

WC�80 cm in women) was associated with an increased risk of multimorbidity with baseline

BMI<24kg/m2 (HR 1.31, 95% CI 1.08–1.61). The risk of multimorbidity increased further

when BMI�24kg/m2 (HR 1.82, 95% CI 1.68–1.97) at baseline. The highest risk of multimor-

bidity (HR 1.90, 95% CI 1.74–2.07) was observed when BMI, WC, and WHtR were all elevated

Table 2. Multivariate cox regression models evaluating the associations of baseline anthropometric indices with the development of multimorbidity.

Unadjusted model Model 1 Model 2

HR (95%CI) p value HR (95%CI) p value HR (95%CI) p value

BMI (kg/m2)

As continuous variables (per SD increment) 1.24 (1.21,1.27) <0.001��� 1.24 (1.21,1.27) <0.001��� 1.23 (1.21,1.26) <0.001���

<24.0 1.0 1.0 1.0

24.0–28.0 1.27 (1.20,1.34) <0.001��� 1.28 (1.21,1.35) <0.001��� 1.27 (1.20,1.34) <0.001���

�28.0 1.86 (1.73,2.01) <0.001��� 1.85 (1.72,2.00) <0.001��� 1.82 (1.69,1.96) <0.001���

WC (cm)

As continuous variables (per SD increment) 1.20 (1.17,1.22) <0.001��� 1.19 (1.16,1.22) <0.001��� 1.18 (1.15,1.21) <0.001���

<90 in males or <80 in females 1.0 1.0 1.0

�90 in males or�80 in females 1.53 (1.43,1.64) <0.001��� 1.54 (1.43,1.65) <0.001��� 1.53 (1.43,1.65) <0.001���

WHtR

As continuous variables (per SD increment) 1.23 (1.20,1.26) <0.001��� 1.21 (1.18,1.23) <0.001��� 1.20 (1.17,1.23) <0.001���

<0.5 1.0 1.0 1.0

�0.5 1.35 (1.28,1.42) <0.001��� 1.30 (1.23,1.37) <0.001��� 1.28 (1.21,1.35) 0.001��

WHT.5R

As continuous variables (per SD increment) 1.22 (1.19,1.25) <0.001��� 1.20 (1.17,1.23) <0.001��� 1.19 (1.16,1.22) <0.001���

<6.76 1.0 1.0 1.0

�6.76 1.50 (1.42,1.58) <0.001��� 1.44 (1.37,1.52) <0.001��� 1.42 (1.35,1.50) <0.001���

BRI

As continuous variables (per SD increment) 1.22 (1.19,1.25) <0.001��� 1.22 (1.18,1.25) <0.001��� 1.21 (1.18,1.24) <0.001���

<4.84 1.0 1.0 1.0

�4.84 1.45 (1.38,1.53) <0.001��� 1.42 (1.34,1.50) <0.001��� 1.39 (1.32,1.47) <0.001���

BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; WHT.5R, waist divided by height0.5; BRI, body roundness index.

Model 1: adjusted by sex, age, marital status.

Model 2: adjusted by sex, age, marital status, smoking status, drinking status, physical activity.

�P-value < 0.05;

��P-value < 0.01;

���P-value < 0.001.

https://doi.org/10.1371/journal.pone.0276216.t002
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and considered to be abnormal (Fig 2). Stratified analysis and interaction results revealed that

WC did not interact significantly with other statistical variables (S6 Table).

Association between dynamic changes in anthropometric indices and risk

of multimorbidity

Table 4 and Fig 3 indicated that subjects with elevated WC at baseline or follow-up (WC�90

cm in men or WC�80 cm in women) exhibited a higher risk of multimorbidity than subjects

with normal WC (WC<90 cm in men or WC<80 cm in women) at baseline and follow-up in

the fully adjusted Model 2. When elevated WC was identified at baseline, the risk of multimor-

bidity at follow-up (HR 2.00, 95% CI 1.82–2.18) was significantly higher in subjects with ele-

vated WC than in subjects whose WC had recovered to below the critical value (HR 1.40, 95%

CI 1.26–1.54). Among subjects with BMI in the normal range at baseline, those with BMI�24

kg/m2 during follow-up had a significantly increased risk of multimorbidity compared with

those who maintained BMI<24 kg/m2 at follow-up. The same was observed in WHtR,

WHT.5R, and BRI.

Discussion

In the current retrospective cohort of middle-aged and older adults, our data suggest that the

anthropometric parameters analyzed in this study, namely, BMI, WC, WHtR, WHT.5R, and

Fig 1. Association between separate anthropometric indices with the development of multimorbidity. (body mass index [BMI], waist circumference

[WC], waist-to-height ratio [WHtR], waist divided by height0.5 [WHT.5R], body roundness index [BRI]). The correlation was assessed by multivariate

cox regression analysis, adjusted by sex, age, marital status, smoking status, drinking status, and physical activity status at baseline. Hazard ratios (HRs) of

the anthropometric indices were represented as the squares and 95% confidence intervals (CIs) by the lines through the squares.

https://doi.org/10.1371/journal.pone.0276216.g001
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BRI, are independently associated with an increased risk of multimorbidity, and of the above

five indicators, WC had the strongest association with the risk of multimorbidity. The dynam-

ics of the indices also revealed a stronger correlation between WC and the risk of multimorbid-

ity than BMI, WHtR, WHT.5R, and BRI after controlling for the various confounding factors.

In addition, elevated WC at baseline was positively associated with an increased risk of multi-

morbidity, regardless of whether BMI was within the normal range.

Our study supports the findings of previous studies that general obesity is positively associ-

ated with the risk of multimorbidity [29, 30] and provides further evidence that abdominal

obesity is associated with an increased risk of multimorbidity [31] and suggests that WC may

be a better screening indicator for multimorbidity than BMI, WHtR, WHT.5R, and BRI. Data

from the U.S. National Health and Nutrition Examination Survey study (3,652 men and 3,609

women) reported that elevated BMI is strongly associated with the risk of multimorbidity in

people aged�60 years [29]. And a cross-sectional study of 5,493 subjects aged 65 years or

older from China indicated that WC and BMI are strongly associated with the risk of multi-

morbidity and strongly suggested that WC may be a better indicator for chronic disease

screening than BMI [31]. Furthermore, in previous Western and Asian population studies,

WC, as the primary measure of abdominal obesity, has been widely used as an indicator of

Table 3. Multivariate cox regression models evaluating the associations of different combinations of BMI, WC, and WHtR with the development of

multimorbidity.

Unadjusted model Model 1 Model 2

HR (95%CI) p value HR (95%CI) p value HR (95%CI) p value

BMI (kg/m2) & WC (cm)

BMI<24 & WC<90 (male)/80 (female) 1.0 1.0 1.0

BMI�24 & WC<90 (male)/80 (female) 1.36 (1.29,1.44) <0.001��� 1.36 (1.29,1.44) <0.001��� 1.34 (1.27,1.42) <0.001���

BMI<24 & WC�90 (male)/80 (female) 1.33 (1.09,1.62) 0.006�� 1.32 (1.08,1.61) 0.007�� 1.31 (1.08,1.61) 0.007��

BMI�24 & WC�90 (male)/80 (female) 1.87 (1.73,2.02) <0.001��� 1.86 (1.72,2.01) <0.001��� 1.82 (1.68,1.97) <0.001���

BMI (kg/m2) & WHtR

BMI<24 & WHtR<0.5 1.0 1.0 1.0

BMI�24 & WHtR<0.5 1.30 (1.19,1.43) <0.001��� 1.33 (1.21,1.45) <0.001��� 1.32 (1.20,1.44) <0.001���

BMI<24 & WHtR�0.5 1.16 (1.07,1.26) <0.001��� 1.11 (1.02,1.20) 0.008�� 1.10 (1.01,1.20) 0.014�

BMI�24 & WHtR�0.5 1.61 (1.51,1.72) <0.001��� 1.56 (1.46,1.67) <0.001��� 1.52 (1.43,1.63) <0.001���

WC (cm) & WHtR

WC<90 (male)/80 (female) & WHtR<0.5 1.0 1.0 1.0

WC�90 (male)/80 (female) & WHtR<0.5 1.09 (0.54,2.18) 0.812 1.18 (0.59,2.37) 0.636 1.15 (0.58,2.31) 0.689

WC<90 (male)/80 (female) & WHtR�0.5 1.25 (1.18,1.32) <0.001��� 1.21 (1.14,1.28) <0.001��� 1.19 (1.12,1.26) <0.001���

WC�90 (male)/80 (female) & WHtR�0.5 1.73 (1.60,1.86) <0.001��� 1.72 (1.59,1.86) <0.001��� 1.68 (1.56,1.82) <0.001���

BMI, WC & WHtR

All indicators were normal 1.0 1.0 1.0

Any one indicator was abnormal 1.21 (1.12,1.30) <0.001��� 1.19 (1.10,1.28) <0.001��� 1.18 (1.10,1.27) <0.001���

Any two indicators were abnormal 1.48 (1.38,1.59) <0.001��� 1.44 (1.35,1.55) <0.001��� 1.41 (1.32,1.51) <0.001���

All indicators were abnormal 1.96 (1.80,2.13) <0.001��� 1.94 (1.78,2.12) <0.001��� 1.90 (1.74,2.07) <0.001���

BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; WHT.5R, waist divided by height0.5; BRI, body roundness index.

Model 1: adjusted by sex, age, marital status.

Model 2: adjusted by sex, age, marital status, smoking status, drinking status, physical activity.

�P-value < 0.05;

��P-value < 0.01;

���P-value < 0.001.

https://doi.org/10.1371/journal.pone.0276216.t003
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obesity-related health risks [32, 33]. Some studies have demonstrated that WC is a stronger

predictor of cardiometabolic disease risk than BMI [34, 35], and it has been suggested that WC

may play an important role in the early development of metabolic syndrome [36].

Our data suggest that for the middle-aged and elderly populations, normal weight but cen-

tral obesity was also associated with a risk of multimorbidity. This finding is supported by a

previous study that concluded people with normal BMI but abdominal obesity are equally

likely to have multiple noncommunicable diseases [14]. This suggests that abdominal obesity

is a risk factor that is strongly associated with multimorbidity, albeit it is easily overlooked

compared to generalized obesity as measured by BMI. Several mechanisms can be used to

explain our findings. To begin with, abdominal obesity predisposes the body to significantly

elevated concentrations of plasma triglycerides, low-density lipoproteins, and very-low-density

lipoproteins, and elevated concentrations of all three have been shown to increase the risk of

hyperlipidemia, insulin resistance, cardiovascular disease, and hypertension [14]. Additionally,

people with normal weight but central obesity tend to have excess visceral fat, which, according

to a previous study, may result in high doses of adipokines from the portal vein to the liver and

other body tissues [37]. Moreover, these adipokines have serious implications for noncommu-

nicable diseases such as diabetes [38], hypertension [39], heart disease [40], kidney disease

Fig 2. Association between different combinations of body mass index (BMI) and established anthropometric indices of central obesity(waist

circumference [WC], waist-to-height ratio [WHtR]) with the development of multimorbidity. The correlation was assessed by multivariate cox

regression analysis, adjusted by sex, age, marital status, smoking status, drinking status, and physical activity status at baseline. Hazard ratios (HRs) of

the anthropometric indices were represented as the squares and 95% confidence intervals (CIs) by the lines through the squares.

https://doi.org/10.1371/journal.pone.0276216.g002

PLOS ONE Association of anthropometric indices with the development of multimorbidity in middle-aged and older adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0276216 October 14, 2022 9 / 15

https://doi.org/10.1371/journal.pone.0276216.g002
https://doi.org/10.1371/journal.pone.0276216


[41], cancer, and other health problems [42]. Therefore, in addition to BMI, the central obesity

index WC can be measured to determine whether patients of normal weight but with central

obesity are at risk for multimorbidity, thus providing incremental benefits for screening the

middle-aged and elderly populations at high risk for multimorbidity.

Many previous studies have indicated that WHT.5R and BRI are more strongly associated

with the risk of cardiovascular disease and metabolic syndrome than BMI, WC, or WHtR [18,

20, 21], but it is unclear whether there is an association between WHT.5R and BRI and the risk

of multimorbidity. Our results demonstrate that WHT.5R and BRI are independently and pos-

itively associated with the risk of multimorbidity, and both are more strongly associated with

multimorbidity than BMI and WHtR but weaker than WC, suggesting that WHT.5R and BRI

are better than BMI and WHtR in screening for multimorbidity. More rigorously designed

cohort studies must be conducted to further support our results.

Table 4. Multivariate cox regression models evaluating the associations of dynamic changes of established anthropometric indices with the development of

multimorbidity.

Unadjusted model Model 1 Model 2

HR (95%CI) p value HR (95%CI) p value HR (95%CI) p value

Dynamic changes of BMI (kg/m2)

<24 at baseline & <24 at follow-up 1.0 1.0 1.0

<24 at baseline &�24 at follow-up 1.76 (1.61,1.92) <0.001��� 1.71 (1.57,1.87) <0.001��� 1.72 (1.58,1.88) <0.001���

�24 at baseline & <24 at follow-up 1.16 (1.05,1.29) 0.005�� 1.15 (1.04,1.27) 0.009�� 1.14 (1.03,1.27) 0.011�

�24 at baseline &�24 at follow-up 1.81 (1.70,1.92) <0.001��� 1.79 (1.69,1.91) <0.001��� 1.76 (1.66,1.87) <0.001���

Dynamic changes of WC (cm)

<90(male)/80(female) at baseline & <90(male)/80(female)at follow-up 1.0 1.0 1.0

<90(male)/80(female) at baseline &�90(male)/80(female)at follow-up 1.70 (1.56,1.85) <0.001��� 1.77 (1.63,1.94) <0.001��� 1.78 (1.64,1.95) <0.001���

�90(male)/80(female) at baseline & <90(male)/80(female)at follow-up 1.33 (1.21,1.47) <0.001��� 1.41 (1.28,1.56) <0.001��� 1.40 (1.26,1.54) <0.001���

�90(male)/80(female) at baseline &�90(male)/80(female)at follow-up 1.94 (1.78,2.11) <0.001��� 2.03 (1.85,2.22) <0.001��� 2.00 (1.82,2.18) <0.001���

Dynamic changes of WHtR

<0.5 at baseline & <0.5 at follow-up 1.0 1.0

<0.5 at baseline &�0.5 at follow-up 1.70 (1.56,1.85) <0.001��� 1.66 (1.52,1.82) <0.001��� 1.67 (1.53,1.83) <0.001���

�0.5 at baseline & <0.5 at follow-up 1.05 (0.95,1.17) 0.348 1.05 (0.94,1.16) 0.417 1.04 (0.94,1.16) 0.450

�0.5 at baseline &�0.5 at follow-up 1.93 (1.79,2.07) <0.001��� 1.85 (1.72,1.99) <0.001��� 1.82 (1.69,1.96) <0.001���

Dynamic changes of WHT.5R

<6.76 at baseline & <6.76 at follow-up 1.0 1.0 1.0

<6.76 at baseline &�6.76 at follow-up 1.79 (1.67,1.92) <0.001��� 1.74 (1.62,1.86) <0.001��� 1.74 (1.62,1.87) <0.001���

�6.76 at baseline & <6.76 at follow-up 1.15 (1.05,1.25) <0.001��� 1.13 (1.04,1.23) <0.001��� 1.13 (1.04,1.23) <0.001���

�6.76 at baseline &�6.76 at follow-up 2.13 (2.00,2.26) <0.001��� 2.00 (1.87,2.13) <0.001��� 1.97 (1.85,2.10) <0.001���

Dynamic changes of BRI

<4.84 at baseline & <4.84 at follow-up 1.0 1.0 1.0

<4.84 at baseline &�4.84 at follow-up 1.74 (1.62,1.88) <0.001��� 1.77 (1.64,1.91) <0.001��� 1.77 (1.64,1.91) <0.001���

�4.84 at baseline & <4.84 at follow-up 1.18 (1.08,1.30) 0.003�� 1.22 (1.11,1.34) <0.001��� 1.20 (1.09,1.32) 0.001��

�4.84 at baseline &�4.84 at follow-up 1.86 (1.75,1.97) <0.001��� 1.89 (1.77,2.02) <0.001��� 1.86 (1.74,1.98) <0.001���

BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; WHT.5R, waist divided by height0.5; BRI, body roundness index.

Model 1: adjusted by sex, age, and marital status.

Model 2: adjusted by sex, age, marital status, smoking status, drinking status, and physical activity.

�P-value < 0.05;

��P-value < 0.01;

���P-value < 0.001.

https://doi.org/10.1371/journal.pone.0276216.t004
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Our study also reveals a tendency to reduce the risk of multimorbidity when WC, WHtR,

WHT.5R, and BRI are reversed from abnormal to normal levels. Additionally, an increase in

the risk of multimorbidity was observed with an increase in WC during follow-up. It has been

well documented that lifestyle interventions, and dietary modifications including fruit and

vegetable intake, weight loss, and moderate-to-vigorous exercise reduce the risk of developing

many diseases, such as diabetes, cardiovascular disease, and cancer [43–45]. Therefore, long-

term monitoring of these anthropometric indicators and the application of timely lifestyle

interventions are expected to facilitate the transformation of these obesity indices from abnor-

mal to normal levels, which is important for preventing or delaying the onset of

multimorbidity.

Our study has several strengths. First, we are the first cohort study to explore the association

of central obesity indicators with the risk of developing multimorbidity, bridging the limita-

tions of previous multimorbidity cross-sectional studies. Second, the identification of chronic

diseases was relatively accurate and comprehensive, including those self-reported by partici-

pants and diagnoses made by physicians based on a comprehensive professional examination.

Finally, in addition to baseline values of anthropometric indices, we also examined the associa-

tions between trends in these indices and different combinations of BMI, WC, and WHtR and

the risk of multimorbidity, thus providing more insight into the impact of central obesity on

multimorbidity.

Fig 3. Association between dynamic changes of separate anthropometric indices with the development of multimorbidity. (body mass index [BMI],

waist circumference [WC], waist-to-height ratio [WHtR], waist divided by height0.5 [WHT.5R], body roundness index [BRI]). The correlation was

assessed by multivariate cox regression analysis, adjusted by sex, age, marital status, smoking status, drinking status, and physical activity status at baseline.

Hazard ratios (HRs) of the anthropometric indices were represented as the squares and 95% confidence intervals (CIs) by the lines through the squares.

https://doi.org/10.1371/journal.pone.0276216.g003
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However, our study has some limitations. First, some important diseases, such as kidney

disease, were not included in the analysis due to a lack of data, which may lead to an underesti-

mation of the risk of developing multimorbidity. Second, even though the major confounding

factors were adjusted in the analysis, the effects of some confounding factors still existed,

including unmeasured factors such as economic income level and dietary habits. Third, our

subjects were all from the Jinshui community and thus are not fully representative of the entire

Chinese population. Finally, the retrospective nature of the study prevents us from accounting

for those with missing data and those lost to follow-up.

Conclusion

Our study suggests that central obesity is an important independent and modifiable risk factor

for multimorbidity in middle-aged and elderly populations. Measuring central obesity indices,

especially WC, in addition to BMI in health screenings may provide incremental benefits for

multimorbidity screening and prevention of multimorbidity issues in the middle-aged and

elderly populations.
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