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Abstract

Objective: Several previous studies have evaluated associations between body mass index 

(BMI) and self-rated health (SRH); however, the results were inconsistent. This study aimed 

to examine the association between BMI and SRH in Korean adults.

Methods: The study was conducted in 214,997 adults who participated in the 2016 Korean 

Community Health Survey. Participants were categorized into four groups based on BMI: 

underweight (<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0‒29.9 kg/m2), 

or obese (≥30.0 kg/m2). Multivariate Poisson regression analysis with sampling weights and 

robust variance estimators was performed to evaluate the relationship between BMI categories 

and poor SRH.

Results: There was a J-shaped association between BMI and poor SRH in both sexes, with 

the lowest risk observed in the normal weight group in both sexes. Compared with normal 

weight subjects, the age and lifestyle adjusted prevalence rate ratios for poor SRH were 1.61 

(95% CI, 1.50–1.74) for underweight, 1.16 (95% CI, 1.11–1.21) for overweight, and 2.35 (95% 

CI, 2.13–2.58) for obese men; and 1.24 (95% CI, 1.17–1.32) for underweight, 1.26 (95% CI, 

1.22–1.31) for overweight, and 1.77 (95% CI, 1.64–1.91) for obese women.

Conclusions: In a cross-sectional study using a nationally representative survey, there was a 

nonlinear relationship between BMI and poor SRH. This relationship was more prominent in 

men than in women. Prospective studies are needed to further clarify the relationship between 

BMI and SRH.
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Introduction

Obesity is an important risk factor in the chronic disease burden worldwide [1-3]. It is 

associated with increased morbidity and mortality of various chronic diseases [4]. Recently, 

underweight has also been associated with high all-cause and cardiovascular mortality [5-8]. 

However, it is unclear what health-related factors or diseases mediate this association [9]. Self-

rated health (SRH) is an indicator of health condition that is a composite of physical, mental, 

and social well-being [10]. SRH is not only an index that reflects quality of life, but is also 

related to health conditions. The association of SRH with morbidity and mortality has been 

demonstrated not only in the general population but also in patients with various chronic 

diseases [11, 12]. In addition, SRH is an important prognostic predictor of diseases such as 

cancer and heart disease [13-15].

Several studies have explored the association between BMI and SRH [16-21]; however, the 

results have been inconsistent. Some studies have reported that higher BMI is associated with 

reduced SRH [19, 20]. Others have reported a U- or J-shaped association between BMI and 

poor SRH [16-18, 21, 22]. However, in previous studies, only the association between obesity 

and self-rated health was assessed, or the association between BMI and SRH was not properly 

assessed due to a lack of underweight subjects. Although there was one study in the Korean 

population, this one was based on a relatively small study population [23]. This study aimed 

to investigate the association between BMI and SRH in Korean adults, and to evaluate whether 

this association is modified by sex.
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Material and methods

Subjects

This study used data from the 2016 Korean Community Health Survey (KCHS), which is a 

detailed survey of a representative sample of the Korean population aged 19 years or over 

conducted annually since 2008 to provide health statistics at the level of the municipality [24]. 

The target population for the KCHS is adults aged ≥ 19 years who live within jurisdiction of 

a community health center. The stratum was divided into two stages according to 

administrative unit (Dong, Eup, and Myeon) and housing unit (apartments and houses), and 

the smallest administrative district unit (Tong, Ban, and Lee) was selected as the primary 

sampling unit of the stratum through probability proportionate sampling. Information was 

gathered through face-to-face interviews conducted by a trained interviewer. The 2016 KCHS 

included 228,452 subjects, but 214,997 subjects (99,930 men and 115,067 women) were 

included in this study due to missing values. This study was approved by the Institutional 

Review Board of the Korea Centers for Disease Control and Prevention (KCDC). 

Body Mass Index

BMI was based on self-reported height and weight and calculated as weight in kilograms 

divided by height in meters squared. Participants were categorized into four groups based on 

BMI: underweight (<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 

kg/m2), or obese (≥30.0 kg/m2). Normal weight was chosen as the reference category.

Self-Rated Health
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SRH was assessed with the question, “How do you rate your general health status?”, rated on 

a 5-point scale. SRH was dichotomized as poor (reported as “poor” or “very poor”) or good 

(reported as “very good,” “good,” or “moderate”). 

Covariates

Lifestyle, socioeconomic status, and comorbidities were investigated by interview. Smoking 

history was coded as non-smoker, former smoker, or current smoker. Alcohol intake was 

coded as drinker or non-drinker. Socioeconomic variables considered in this study included 

marital status (single, married, or divorced/bereaved/separated), educational attainment 

(uneducated, elementary school, middle school, high school, or college or higher), rural 

residency, and monthly household income (≤1.00 million, 1.01–2.00 million, 2.01–3.00 

million, 3.01–4.00 million, or ≥4.01 million South Korean won). Physical activity was coded 

as whether subjects engaged in moderate or vigorous physical activity. Moderate physical 

activity was defined as moderate intense physical activity (e.g., swimming at a slow pace, table 

tennis, badminton, tennis doubles) for more than 5 days per week for 30 min or more. Vigorous 

physical activity was defined as vigorous intense physical activity (e.g., swimming at a fast 

pace, climbing, cycling, squash, tennis singles) for more than 3 days per week for 20 min or 

more. Co-morbidities (if respondents had doctor-diagnosed hypertension, diabetes, stroke, 

coronary heart disease, or arthritis) were also considered.

Statistical analysis

The data were analyzed separately for each sex. Tests for trends across BMI categories were 

performed using linear regression. The relationship between BMI and SRH was assessed using 

multivariate Poisson regression analysis with sampling weights and robust variance estimators. 
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The prevalence rate ratio (PRR) and corresponding 95% confidence intervals (CIs) were 

reported. Restricted cubic splines were used to model the nonlinear relationship between BMI 

and SRH using knots at 5th, 50th, and 95th percentile of BMI. Stata version 14.0 (Stata Corp, 

College Station, TX, USA) was used for the statistical analyses. Statistical significance was 

defined as a P-value < 0.05.
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Results

The study population included 99,930 men and 115,067 women. Baseline characteristics 

according to BMI categories are presented in Tables 1 and 2. The prevalence of underweight 

was 2.7% in men and 7.0% in women, while the prevalence of obesity was 3.6% in men and 

2.5% in women. In both sexes, subjects with higher BMI were poor SRH, older, married, had 

higher income and education levels, lived in cities, engaged in more physical activity, and had 

higher alcohol consumption. In addition, they had higher rates of hypertension and diabetes, 

but lower rates of stroke, coronary heart disease, and arthritis. Among female participants, 

subjects with higher BMI were older, less likely to be married, had lower income and education 

levels, lived in rural areas, engaged in more physical activity, and had higher alcohol 

consumption. In addition, they had higher rates of hypertension, diabetes, arthritis, stroke, and 

coronary artery disease. Current smokers were more common among underweight and obese 

subjects in both women and men. Among the women, the underweight and obese groups had 

lower physical activity. To control for confounding effects, sensitivity analysis was performed 

only for non-smokers or subjects without arthritis, coronary heart disease, or stroke. However, 

the results of the sensitivity analysis were not significantly different from those of the existing 

analysis, and are not shown in the results.
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Table 1. Baseline characteristics according to body mass index (kg/m2) categories in men.

Characteristics Underweight
(<18.5)

Normal
(18.5–24.9)

Overweight
(25.0–29.9)

Obese
(≥30) P–value

N 2,659 64,073 29,629 3,569
Poor self-rated health  1,119 (42.1) 6,273 (16.0) 3,945 (13.9) 656 (18.4) <0.001
Age (years) 59.8 ± 21.9 52.6 ± 17.1 49.7 ± 15.0 41.5 ± 14.7 <0.001
Marriage <0.001

Married 636 (23.9) 12,615 (19.7) 5,029 (17.0) 1,258 (35.2)
Single 1,685 (63.4) 46,193 (72.1) 22,617 (76.3) 2,130 (59.7)
Divorce/bereavement/separation 338 (12.7) 5,265 (8.2) 1,983 (6.7) 181 (5.1)

Household income (million won) <0.001
≤1.00 1,049 (39.5) 11,281 (17.6) 3,451 (11.6) 356 (10.0)

1.01–2.00 534 (20.1) 11,071 (17.3) 4,362 (14.7) 495 (13.9)
2.01–3.00 401 (15.1) 12,366 (19.3) 6,002 (20.3) 805 (22.6)
3.01–4.00 294 (11.1) 10,827 (16.9) 5,584 (18.8) 723 (20.3)

≥4.01 381 (14.3) 18,528 (28.9) 10,230 (34.5) 1,190 (33.3)
Education <0.001

Uneducated 192 (7.2) 1,288 (2.0) 317 (1.1) 24 (0.7)
Elementary 719 (27.0) 8,865 (13.8) 2,783 (9.4) 221 (6.2)
Middle school 392 (14.7) 7,819 (12.2) 3,060 (10.3) 234 (6.6)

High school 699 (26.3) 19,976 (31.2) 9,676 (32.7) 1,073 (30.1)
More than college 657 (24.7) 26,125 (40.8) 13,793 (46.6) 2,017 (56.5)

Rural residence 1,449 (54.5) 27,900 (43.5) 12,169 (41.1) 1,417 (39.7) <0.001
Physical activity 457 (17.2) 17,485 (27.3) 8,200 (27.7) 1,017 (28.5) <0.001
Smoking <0.001

Non-smoker 656 (24.7) 16,072 (25.1) 7,150 (24.1) 1,039 (29.1)
Former-smoker 966 (36.3) 23,849 (37.2) 11,811 (39.9) 1,049 (29.4)
Current-smoker 1,037 (39.0) 24,152 (37.7) 10,668 (36.0) 1,481 (41.5)

Alcohol intake 1,226 (46.1) 41,039 (64.1) 20,333 (68.6) 2,424 (67.9) <0.001
Hypertension 498 (18.7) 14,546 (22.7) 9,124 (30.8) 1,210 (33.9) <0.001
Diabetes 254 ( 9.6) 6,836 (10.7) 3,700 (12.5) 484 (13.6) <0.001
Stroke 101 ( 3.8) 1,654 (2.6) 638 (2.2) 56 (1.6) <0.001
Coronary heart disease 131 ( 4.9) 2297 (3.6) 1137 (3.8) 113 (3.2) <0.001
Arthritis 237 ( 8.9) 3780 (5.9) 1653 (5.6) 159 (4.5) <0.001

All values are given as n (%) or mean ± standard deviation.
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Table 1. Baseline characteristics according to body mass index (kg/m2) categories in women.

Characteristics Underweight
(<18.5)

Normal
(18.5–24.9)

Overweight
(25.0–29.9)

Obese
(≥30) P–value

N 7,997 81,929 22,225 2,916
Poor self-rated health 2,081 (26.0) 16,365 (20.0) 6,344 (28.5) 1,063 (36.5) <0.001
Age (years) 47.6 ± 21.8 51.8 ± 17.1 56.2 ± 14.8 52.3 ± 16.5 <0.001
Marriage <0.001

Married 2,403 (30.0) 10,988 (13.4) 1,430 (6.4) 392 (13.4)
Single 3,818 (47.7) 54,121 (66.1) 15,403 (69.3) 1,842 (63.2)
Divorce/bereavement/separation 1,776 (22.2) 16,820 (20.5) 5,392 (24.3) 682 (23.4)

Household income (million won) <0.001
 ≤1.00 1,863 (23.3) 16,065 (19.6) 5,311 (23.9) 715 (24.5)

1.01–2.00 1,034 (12.9) 13,111 (16.0) 4,314 (19.4) 561 (19.2)
2.01–3.00 1,257 (15.7) 14,324 (17.5) 4,153 (18.7) 579 (19.9)
3.01-4.00 1,194 (14.9) 13,332 (16.3) 3,355 (15.1) 465 (15.9)

 ≥4.01 2,649 (33.1) 25,097 (30.6) 5,092 (22.9) 596 (20.4)
Education <0.001

Uneducated 1,025 (12.8) 6,272 (7.7) 1,718 (7.7) 223 (7.6)
Elementary 1,194 (14.9) 15,045 (18.4) 6,190 (27.9) 730 (25.0)
Middle school 367 (4.6) 8,667 (10.6) 3,596 (16.2) 414 (14.2)

    High school 1,497 (18.7) 22,857 (27.9) 6,262 (28.2) 904 (31.0)
    More than college 3,914 (48.9) 29,088 (35.5) 4,459 (20.1) 645 (22.1)
Rural residence 3,131 (39.2) 33,079 (40.4) 10,246 (46.1) 1,280 (43.9) <0.001
Physical activity 1,159 (14.5) 16,017 (19.5) 4,309 (19.4) 490 (16.8) <0.001
Smoking <0.001

Non-smoker 7,331 (91.7) 77,685 (94.8) 20,962 (94.3) 2,638 (90.5)
Former-smoker 258 (3.2) 1,931 (2.4) 632 (2.8) 135 (4.6)
Current-smoker 408 (5.1) 2,313 (2.8) 631 (2.8) 143 (4.9)

Drinking 2,534 (31.7) 25,302 (30.9) 5,670 (25.5) 788 (27.0) <0.001
Hypertension 1,169 (14.6) 17,406 (21.2) 8,611 (38.7) 1,338 (45.9) <0.001
Diabetes 394 (4.9) 6,387 (7.8) 3,211 (14.4) 594 (20.4) <0.001
Stroke 125 (1.6) 1,251 (1.5) 543 (2.4) 81 (2.8) <0.001
Coronary heart disease 179 (2.2) 1942 (2.4) 898 (4.0) 142 (4.9) <0.001
Arthritis 1081 (13.5) 13178 (16.1) 5909 (26.6) 830 (28.5) <0.001

All values are given as n (%) or mean ± standard deviation.
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Table 3 presents the PRRs for poor SRH according to BMI categories. There was a nonlinear 

relationship between BMI and poor SRH. The age-adjusted PRR for poor SRH across BMI 

levels (<18.5, 25–29.9, and ≥30 kg/m2) was 1.99 (95% CI, 1.85–2.15), 1.09 (95% CI, 1.04–

1.14), and 2.48 (95% CI, 2.26–2.73), respectively, for men; and 1.33 (95% CI, 1.26–1.41), 

1.34 (95% CI, 1.29–1.39), and 2.04 (95% CI, 1.89–2.20), respectively, for women. After 

further adjustment for demographic, socioeconomic, and lifestyle characteristics, this U-

shaped association was slightly attenuated but remained statistically significant in both sexes. 

In model 3, the adjusted PRR for BMI <18.5 kg/m2 was 1.61 (95% CI, 1.50–1.74), that for 

BMI 25.0–29.9 kg/m2 was 1.16 (95% CI, 1.11–1.21), and that for BMI ≥30 kg/m2 was 2.35 

(95% CI, 2.13–2.58) for men; and the corresponding values were 1.24 (95% CI, 1.17–1.32), 

1.26 (95% CI, 1.22–1.31), and 1.77 (95% CI, 1.64–1.91), respectively, for women. With 

further adjustment for comorbidities, the PRRs of overweight and obesity were attenuated, 

whereas the PRR for underweight was strengthened. In model 4, the PRR for underweight was 

1.83 (95% CI, 1.69–1.98), that for overweight was 1.04 (95% CI, 1.00–1.09), and that for 

obese was 1.90 (95% CI, 1.73–2.09) in men, and the corresponding values were 1.32 (95% CI, 

1.25–1.40), 1.14 (95% CI, 1.10–1.18), and 1.41 (95% CI, 1.30–1.52), respectively, for women. 

The interaction by sex was significant (P for interaction < 0.001).
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Table 3. Association between body mass index and poor self-rated health. 

BMI categories (kg/m2) Model 1 Model2 Model 3 Model 4

Underweight (<18.5) 1,119/2,659 1.99 (1.85–2.15) 1.71 (1.59–1.84) 1.61 (1.50–1.74) 1.83 (1.69–1.98)

Normal (18.5–24.9) 10,218/64,073 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Overweight (25.0–29.9) 4,104/29,629 1.09 (1.04–1.14) 1.15 (1.10–1.20) 1.16 (1.11–1.21) 1.04 (1.00–1.09)
Men

Obese (≥30) 656/3,569 2.48 (2.26–2.73) 2.37 (2.16–2.61) 2.35 (2.13–2.58) 1.90 (1.73–2.09)

Underweight (<18.5) 2,081/7,997 1.33 (1.26–1.41) 1.28 (1.21–1.35) 1.24 (1.17–1.32) 1.32 (1.25–1.40)

Normal (18.5–24.9) 16,365/81,929 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Overweight (25.0–29.9) 6,344/22,225 1.34 (1.29–1.39) 1.27 (1.23–1.31) 1.26 (1.22–1.31) 1.14 (1.10–1.18)
Women

Obese (≥30) 1,063/2,916 2.04 (1.89–2.20) 1.81 (1.68–1.96) 1.77 (1.64–1.91) 1.41 (1.30–1.52)

Data was given as ‘prevalence rate ratio (95% confidence interval)’.
Model 1 was adjusted for age.
Model 2 was additionally adjusted for socioeconomic status (household income, marital status, education level and residential area).
Model 3 was additionally adjusted for lifestyles (smoking, drinking and exercise).
Model 4 was additionally adjusted for comorbidities (hypertension, diabetes mellitus, stroke, coronary heart disease, and arthritis).
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Figure 1 and 2 presented the adjusted prevalence of poor SRH from restricted cubic spline models in 

both sexes. In both sexes, there was a J-shaped association between BMI and poor SRH, with the lowest 

risk observed with a BMI of 23–24.9 kg/m2 in both men and women. This association was more 

prominent in men than in women.
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Fig 1. Adjusted restricted cubic splines for the association between body mass index and poor self-rated 

health in men. Age, lifestyle, socioeconomic status, and comorbidities were adjusted. Shaded areas 

indicated 95% confidence intervals.

Fig 2. Adjusted restricted cubic splines for the association between body mass index and poor self-rated 

health in women. Age, lifestyles, socioeconomic status, and comorbidities were adjusted. Shaded areas 

indicated 95% confidence intervals.
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Discussion

In this cross-sectional study using a nationwide sample, both obesity and underweight were associated 

with an increased propensity for poor SRH, even after adjusting for demographic, socioeconomic, and 

lifestyle variables. Furthermore, a J-shaped association between BMI and poor SRH was more 

prominent in men than in women. This study is the first to assess the association between BMI and SRH 

in a national sample from a community health survey. 

There was a J-shaped relationship between BMI and SRH in Korean adults, and this relationship was 

more prominent in men than in women. Except for studies in which the relationship with underweight 

was not evaluated [19, 20], previous studies have reported U- or J-shaped relationships but have been 

inconsistent regarding sex-specific relationships [17, 18, 21, 22]. Heo et al. reported a J-shaped 

relationship between BMI and health-related quality of life [21]. Similar to the present study, when 

adjusted for comorbidities, the association between underweight and poor SRH was strengthened, while 

the associations between overweight and obesity with poor SRH were attenuated. In the Canadian 

Community Health Survey [17], BMI showed a U-shaped association with poor SRH in both sexes. In 

a study based on the National Health Interview Survey from 1997 to 2005 [18] and a study based on 

the World Health Survey (2002–2004) [22], the association between underweight with poor SRH was 

more evident in men, whereas the association between obesity with poor SRH was more evident in 

women. However, the Sault Antenatal Care Programme in Sweden [16], found a U-shaped relationship 

in women, but a linear relationship in men. This study was conducted in expectant parents, rather than 

in the general population, and was a small study with fewer than 1,000 subjects, which may have 

resulted in differences from the results of previous studies. There was one study based on Korean. 

Although direct comparison is difficult because of differences in study design, the result of previous 

study were along the same line as our results. Noh et al. assessed the relationship between BMI 

categorized as WHO Asian classification and SRH scores, and SRH scores was the highest in the normal 

group (18.5–22.9 kg/m2) [23]. Compared to normal group, the odd ratio (OR) of poor SRH score was 

1.60 in underweight, 1.08 in overweight, 1.72 in obese, and 3.97 in severe obese. 
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The sex difference in the association between BMI and SRH may be partly due to the sex difference in 

body fat distribution. At the same BMI, women tend to have higher body fat than men across all ages 

[25, 26]. On the other hand, visceral adipose tissue increases more in men as BMI increases in those 

under age 40, whereas the association between visceral adipose tissue and BMI does not differ 

according to sex in those aged 40 or older [26]. Unfortunately, because this study did not measure total 

body fat or lean body mass, whether the relationship between BMI and SRH varies depending on 

differences in fat distribution cannot be assessed.

The underlying mechanism of the relationship between underweight and poor SRH can be explained as 

follows. First, underweight is associated with sarcopenia [27]. Subjects with sarcopenia or decreased 

muscle mass have lower exercise capacity and lower levels of physical activity, both of which are 

associated with poor SRH. Second, the relationship between underweight and poor SRH may be a 

reverse causation. Hulman et al. reported that weight loss was greater in subjects with poor SRH than 

with good SRH [28].

The relationship between obesity and poor SRH may be mediated by obesity-related comorbidities. 

Numerous studies have reported causal relationships between obesity and cardiovascular diseases and 

cancer [29-31], which can lead to poor SRH and poor quality of life [32]. In our study, after adjusting 

for comorbidities, the strength of the relationship decreased by more than 30%. Additionally, obesity is 

associated with reduced physical activity and lower exercise capacity, and both conditions are 

associated with poor SRH.

The strength of this study is the large, nationally representative sample size. However, the study has 

some limitations. First, the design of our study is cross-sectional, which leads to difficulty in assessing 

causal relationships. Second, BMI was calculated using self-reported height and weight. However, there 

was a high correlation coefficient between measured BMI and self-reported BMI in the 2016 KCHS (r 

= 0.92) [33]. Third, other indices reflecting adiposity, such as waist circumference, total body fat, and 

subcutaneous abdominal adipose tissue mass, were not included in this study, and further evaluation 

using these indices is needed.
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Conclusion

In conclusion, there was a J-shaped relationship between BMI and poor SRH in a nationwide sample 

of Korean adults. These results suggest that both underweight and overweight are risk factors for poor 

SRH. However, prospective studies are needed to clarify the causal relationship between these two 

variables.
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