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Background: In recent decades, obesity has become an epidemic worldwide and is a risk factor for many chronic diseases. Lung 
function is also a predictor of various chronic diseases. However, research results on the association between obesity and lung function 
are inconsistent and few studies have evaluated the association between central obesity indicators and lung function. Therefore, this 
study explored the correlation between central obesity and lung function.
Methods: This study is a cross-sectional study. The basic participant characteristics were collected by questionnaire. A tape measure 
was used to measure waist circumference (WC) and hip circumference (HC). Body fat percentage was measured using an InBody370. 
Lung function parameters were measured using a digital spirometer connected to a computer (Chestgraph HI-101). R (R4.0.5) software 
was used for data analysis. A generalized linear model was used to analyze the association between obesity and lung function.
Results: This study found that body mass index (BMI) adjusted for WC was negatively correlated with forced vital capacity (FVC) 
(β=−0.05 [−0.06, −0.03] in men, β=−0.05 [−0.07, −0.04] in women) and forced expiratory volume in 1 s (FEV1)(β=−0.02 [−0.03, 
−0.00] in men, β=−0.03 [−0.04, −0.02] in women). Body fat percentage was negatively correlated with FVC (β=−0.01 [−0.01, −0.01] 
in men, β=−0.01 [−0.01, −0.00] in women).
Conclusion: Central obesity and combined central and general obesity were more strongly positively correlated with lung function. 
WC-adjusted BMI was negatively correlated with lung function. Body fat percentage was negatively correlated with lung function.
Keywords: lung function, central obesity, body mass index, waist circumference

Introduction
In recent decades, obesity has reached epidemic proportions globally and its prevalence is increasing worldwide.1 The 
global prevalence of obesity among adults in 2016 was 13%,2 based on world standards. In China, the estimated 
prevalence of obesity among adults was 16.4% from 2015 to 2019.3 Obesity is associated with many chronic diseases,4 

including cardiovascular disease,5 type 2 diabetes,6 and metabolic diseases.7 Although body mass index (BMI) has been 
widely used to screen overweight and obese individuals, it does not accurately predict central obesity (ie, abdominal 
obesity).8 Abdominal obesity, a special type of obesity, is more associated with the disease than non-abdominal obesity.9 

Waist circumference (WC) is a proven alternative method for defining central obesity and has a superior correlation with 
morbidities related to central obesity compared to BMI.10

Lung function is an objective indicator of respiratory health as well as a predictor of cardiorespiratory morbidity and 
mortality.11 The evaluation of lung function is primarily based on lung function tests (PFTs), which provide information 
about global lung function.12 PFTs measure forced expiratory volume in 1 s (FEV1) and forced vital capacity (FVC).13

Studies have reported a relationship between lung function and obesity.14–20 Most such studies have shown 
a relationship between lung function and central obesity and central obesity indicators.14–19 Some studies have suggested 
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an inverse relationship between obesity and lung function.14,16,17 However, other studies have shown no or a weak 
association between obesity and lung function.20–22 Few studies have examined the relationship between lung function 
and different indicators of obesity, and these studies have been primarily based on Western populations.16,17 However, the 
distribution of central fat differs between Asians and Caucasians with the same BMI.23 Few studies have reported an 
independent association between obesity indicators and lung function.

Therefore, this study explored the relationship between obesity and lung function based on the Ningxia Cohort Study 
of the China Northwest Cohort. Based on these cohort data, our research group has conducted studies on lung 
function.24,25 The present study explored the relationship between obesity types and lung function by combining central 
obesity and obesity defined by BMI and analyzed the relationship between obesity indicators and lung function by 
combining BMI and central obesity indicators.

Methods
Study Population
This cross-sectional study obtained data from the baseline database of the China Northwest Natural Population Cohort: 
Ningxia Project, which was carried out in Qingtongxia City and Pingluo County of the Ningxia Hui Autonomous Region. 
A cluster sampling method was used to select the towns of the two cities (counties). Four towns were selected for 
inclusion in the study: Baofeng Town and Qukou Town in Pingluo County, and Xiakou Town and Qujing Town in 
Qingtongxia City. This study was approved by the Ethics Committee of Ningxia Medical University. All participants 
were aware of the significance of this study and provided signed informed consent.

The method for calculating the sample size of qualitative variables in cross-sectional studies was used to calculate the 
number of people required for this study. The calculation formula was as follows: N ¼ Z1� α=2

δ

� �2
�P� 1 � Pð Þ

where N represents the required sample size, 1-α/2 represents the confidence, δ represents the allowable error, and 
P represents the overall rate. In the present study, Z was 1.96 when α was 0.05. δ was set to 1%. The prevalence of 
chronic obstructive pulmonary disease (COPD), used to represent the prevalence of pulmonary function decline, was 
8.6% in China in 2015.26 Thus, the calculated sample size was 3020 participants. Considering a 20% loss to follow-up, 
the sample size for this study was 3775.

This study was conducted from April 2018 to April 2019 in a natural population of 15,802 people, among whom 5707 
underwent lung function measurements. Participants with missing and outlier lung function results, missing question
naires, lack of height and weight data, with asthma and tuberculosis, age <30 years, and BMI <18.5 kg/m2 were 
excluded.

Questionnaire Survey
After registering and signing the informed consent, each participant was assigned a fixed number, which was combined 
with the ID number as the identification for the questionnaire, physical examination, biological sample measurement, and 
database entry. The survey personnel comprised members of the research group, all of whom had undergone strict 
training and assessment. Basic epidemiological data were collected in the form of face-to-face questions and answers.

Adopting a unified semi-structured questionnaire, the data research content included personal general information, 
drinking tea, drinking alcohol, smoking, diet, passive smoking and indoor air pollution, personal and family health status, 
physical activity, female reproductive history, spirit-sleep-emotional state, and quality of life. Only general personal 
information (educational level, marital status, and economic status), tea consumption, alcohol consumption, smoking, 
fruit and vegetable intake, passive smoking, cooking, smoke extraction equipment, home heating, exercise, sleep, history 
of illness, and occupational exposure were considered in the analysis in this study.

The economic situation was grouped according to the annual family income in units of RMB yuan. The history of 
disease (diabetes, cardiovascular disease, cerebrovascular disease, hypertension, tuberculosis, chronic bronchitis, and 
asthma) was determined by the respondents’ self-reported experience with these diseases, definite diagnosis by hospitals 
at the community level or above, or taking relevant treatment drugs. The specific classification methods for the basic 
information of the rest of the population have been described previously by our research group.25
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Obesity Indicators
After completing the questionnaire survey, height and weight were measured by qualified and experienced doctors and 
technicians, who instructed the participants to take off their shoes and hats, wear light clothes, and stand at attention on 
the scale. To ensure the accuracy of the physical examination measurements, a daily maintenance routine was performed 
according to the requirements of different instruments. A tape measure was used to determine the waist circumference 
(WC) and hip circumference (HC). Body fat percentage was measured using an InBody370 instrument (Seoul, Korea).

Body mass index (BMI) was calculated by dividing the weight by the height squared. The waist-to-hip ratio (WHR) 
was calculated by dividing the WC by the HC, and the waist-to-height ratio (WHtR) was calculated by dividing the WC 
by the height. Central obesity was defined as a WC ≥90 cm in men and ≥80 cm in women. According to the classification 
criteria of BMI in the Chinese population, BMI <18.5 kg/m2 was defined as underweight, 18–23.9 kg/m2 was defined as 
normal weight, 24–27.9 kg/m2 was defined as overweight, and ≥28 kg/m2 was defined as obesity. General obesity was 
defined as BMI ≥28 kg/m2.

Lung Function Test
Parameters related to lung function were measured using a digital spirometer connected to a computer (Chestgraph HI- 
101; Chest Ltd., Tokyo, Japan), including FEV1 and FVC. The spirometer determined the predicted FEV1 and FVC 
values using the prediction equation. The predicted FVC and FEV1 values varied with the characteristics of the particular 
population (age, height, sex, and race/ethnicity). According to the recommendations of the American Thoracic Society, 
calibration of the spirometer was performed before each measurement according to the manufacturer’s instructions. The 
participants were asked to wear a nose clip and to remain seated on a chair while completing all lung function tests 
through their lips. Three curves were created that fit the criteria, with the best values used for the analysis. The spirometer 
was used according to the manufacturer’s instructions after calibration. A decline in lung function was defined as 
a percentage of predicted FVC (FVC% pre) <80% and FEV1/FVC of ≥70% or FEV1/FVC<70%.

Statistical Analysis
Among the basic characteristics of the study population, continuous variables were represented as means ± standard 
deviations, and classification variables were represented as frequencies and percentages. T-tests, one-way analysis of 
variance (ANOVA), and rank-sum tests were used to evaluate the differences in characteristics between two or more 
groups for continuous variables, including age. Chi-square tests were used to evaluate differences between two or more 
groups, including variables such as town, education level, marital status, income situation, tea, drinking, smoking, intake 
of fruits and vegetables, passive smoking, cooking, exhaust equipment, indoor heating pollution, exercise, sleep, 
diabetes, cardiovascular disease, cerebrovascular disease, hypertension, and history of occupational exposure. 
Variables were screened using stepwise regression and a logistic regression model was used to analyze the relationship 
between lung function decline and obesity type. Multiple linear regression was used to analyze the relationship between 
obesity type, obesity indicators, and lung function. In the correlation analysis between lung function and obesity type, 
only obesity type was included in Model 1, and all influencing factors were included in Model 2. Model 3 included age, 
town education level, income, tea consumption, vegetable and fruit intake, cooking, smoke exhaust equipment, exercise, 
and sleep. Age, township, education level, income, tea consumption, alcohol consumption, vegetable and fruit intake, 
cooking, smoke extraction equipment, exercise, and sleep were used to adjust the correlation analysis between lung 
function and obesity indicators. R software (R4.0.5) was used for data analysis. All tests were two-sided and the test level 
(α) was 0.05.

Results
Basic Participant Characteristics
Figure 1 shows the process for screening the research population; in the natural population of 15,802 people, 5707 
completed lung function measurements. Of these, 326 participants had missing lung function indicators and outliers, 146 
participants had missing questionnaires, 40 participants had asthma and tuberculosis, 68 participants had missing height 
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and weight data, 1 participant was <30 years old, and 67 participants had a BMI <18.5 kg/m2. Therefore, this study 
finally enrolled 5059 participants.

As shown in Table 1, among the included participants, 2296 were male, 1247 had a normal WC, and 1022 had central 
obesity. Among the 2763 female participants, 642 had a normal WC and 2121 had central obesity. Among men, the 
difference in mean (± standard deviation) ages of those with normal WC and central obesity differed significantly (59.01 

Figure 1 Illustrates the screening procedure of the research object population, which shows how the study object population entered the study.

Table 1 Population Demographic Distribution

Men Women

Normal 
WC

Central 
Obesity

p Normal 
WC

Central 
Obesity

p

Age (mean±SD) 1274 1022 642 2121

59.01±8.58 57.11±8.89 <0.001 54.01±8.89 54.01±8.20 0.984

Town (%) Baofeng Town 252 (19.8) 157 (15.4) 0.015 126 (19.6) 425 (20.0) <0.001
Qukou Town 388 (30.5) 361 (35.3) 171 (26.6) 737 (34.7)

Xiakou Town 312 (24.5) 251 (24.6) 168 (26.2) 453 (21.4)

Qujing Town 322 (25.3) 253 (24.8) 177 (27.6) 506 (23.9)
Education level (%) No 331 (26.0) 194 (19.0) 0.001 211 (32.9) 710 (33.5) 0.977

Primary school 437 (34.3) 363 (35.5) 219 (34.1) 711 (33.5)

Junior high school 434 (34.1) 399 (39.0) 190 (29.6) 622 (29.3)
High school and above 72 (5.7) 66 (6.5) 22 (3.4) 78 (3.7)

(Continued)
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±8.53 years, vs 57.11 ±8.89 years, P<0.05). The number of people from town, education level, income, drinking, 
smoking, passive smoking, indoor heating pollution, cardiovascular disease, and hypertension also differed between men 
with normal WC and those with central obesity (P<0.05). In women, the mean (± standard deviation) ages of those with 

Table 1 (Continued). 

Men Women

Normal 
WC

Central 
Obesity

p Normal 
WC

Central 
Obesity

p

Marital Status (%) Married 1222 (95.9) 995 (97.4) 0.269 615 (95.8) 2008 (94.7) 0.432
Wid 38 (3.0) 20 (2.0) 22 (3.4) 102 (4.8)

Divorced 10 (0.8) 4 (0.4) 4 (0.6) 9 (0.4)

Unmarried 4 (0.3) 3 (0.3) 1 (0.2) 2 (0.1)
Income situation (%) <10,000 348 (27.3) 203 (19.9) <0.001 153 (23.8) 446 (21.0) 0.295

10,000–19,999 342 (26.8) 254 (24.9) 162 (25.2) 525 (24.8)

20,000–34,999 309 (24.3) 256 (25.0) 167 (26.0) 553 (26.1)
>35,000 275 (21.6) 309 (30.2) 160 (24.9) 597 (28.1)

Tea (%) Never 653 (51.3) 533 (52.2) 0.591 467 (72.7) 1439 (67.8) 0.053

Ever 47 (3.7) 30 (2.9) 13 (2.0) 61 (2.9)
Now 574 (45.1) 459 (44.9) 162 (25.2) 621 (29.3)

Drinking (%) Never 1079 (84.7) 768 (75.1) <0.001 637 (99.2) 2087 (98.4) 0.198

Ever 150 (11.8) 174 (17.0) 3 (0.5) 28 (1.3)
Now 45 (3.5) 80 (7.8) 2 (0.3) 6 (0.3)

Smoking (%) Never 823 (64.6) 618 (60.5) 0.016 639 (99.5) 2105 (99.2) 0.521

Ever 93 (7.3) 107 (10.5) 0 (0.0) 4 (0.2)
Now 358 (28.1) 297 (29.1) 3 (0.5) 12 (0.6)

Intake of fruits and vegetables (%) Low 31 (2.4) 27 (2.6) 0.311 8 (1.2) 47 (2.2) 0.12

Medium 139 (10.9) 92 (9.0) 42 (6.5) 172 (8.1)
High 1104 (86.7) 903 (88.4) 592 (92.2) 1902 (89.7)

Passive smoking (%) No 956 (75.0) 720 (70.5) 0.016 446 (69.5) 1458 (68.7) 0.763

Yes 318 (25.0) 302 (29.5) 196 (30.5) 663 (31.3)
Cooking (%) No 968 (76.0) 792 (77.5) 0.422 19 (3.0) 95 (4.5) 0.113

yes 306 (24.0) 230 (22.5) 623 (97.0) 2026 (95.5)

Smoke exhaust equipment (%) No 307 (24.1) 216 (21.1) 0.103 463 (72.1) 1412 (66.6) 0.01
Yes 967 (75.9) 806 (78.9) 179 (27.9) 709 (33.4)

Indoor heating pollution (%) No 319 (25.0) 339 (33.2) <0.001 181 (28.2) 655 (30.9) 0.211

yes 955 (75.0) 683 (66.8) 461 (71.8) 1466 (69.1)
Exercise (%) Low 711 (55.8) 550 (53.8) 0.43 364 (56.7) 1250 (58.9) 0.573

Medium 86 (6.8) 63 (6.2) 42 (6.5) 125 (5.9)

High 477 (37.4) 409 (40.0) 236 (36.8) 746 (35.2)
Sleep (%) Good 993 (77.9) 808 (79.1) 0.551 449 (69.9) 1502 (70.8) 0.705

Bad 281 (22.1) 214 (20.9) 193 (30.1) 619 (29.2)

Diabetes (%) Yes 56 (4.4) 58 (5.7) 0.192 12 (1.9) 97 (4.6) 0.003
No 1218 (95.6) 964 (94.3) 630 (98.1) 2024 (95.4)

Cardiovascular disease (%) Yes 38 (3.0) 59 (5.8) 0.001 23 (3.6) 136 (6.4) 0.009

No 1236 (97.0) 963 (94.2) 619 (96.4) 1985 (93.6)
Cerebrovascular disease (%) Yes 21 (1.6) 20 (2.0) 0.692 6 (0.9) 21 (1.0) 1

No 1253 (98.4) 1002 (98.0) 636 (99.1) 2100 (99.0)

Hypertension (%) Yes 214 (16.8) 256 (25.0) <0.001 71 (11.1) 422 (19.9) <0.001
No 1060 (83.2) 766 (75.0) 571 (88.9) 1699 (80.1)

History of occupational 

exposure (%)

Yes 400 (31.4) 298 (29.2) 0.266 152 (23.7) 441 (20.8) 0.132

No 874 (68.6) 724 (70.8) 490 (76.3) 1680 (79.2)
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normal WC and central obesity were 54.01 ±8.89 years and 54.01 ±8.20 years, respectively. The number of people from 
town, smoke exhaust equipment, diabetes, cardiovascular disease, and hypertension differed significantly between 
women with normal WC and those with central obesity (P<0.05).

Logistic Regression Analysis of Factors Influencing Lung Function Decline
Table 2 shows the results of the logistic regression analysis of the factors influencing lung function decline. In men, in the 
unadjusted model, compared to Baofeng town, the residents of the other three towns had higher risks of lung function 
decline (odds ratio [OR] (95% confidence interval [CI]) 1.79 [1.38, 2.31] in Qukou Town, 4.13 [3.07, 5.58] in Xiakou 
Town, and 4.55 [3.29, 6.31] in Qujing Town. P <0.05). The risk of lung function decline in men with incomes >35,000 
yuan was less than that of men with incomes <10,000 yuan (OR 0.59 [0.43, 0.80], P < 0.05). In the adjusted model, 
compared to Baofeng town, residents of the other three towns had higher risks of lung function decline (OR 1.84 [1.37, 
2.48] in Qukou Town, 4.32 [3.16, 5.93] in Xiakou Town, and 4.66 [3.27, 6.68] in Qujing Town, P< 0.05). The risk of 
lung function decline in men with incomes >35,000 yuan was less than that of men with incomes <10,000 yuan (OR 0.61 
[0.44, 0.84], P <0.05). In women, in the unadjusted model, compared to Baofeng town, the residents of the other three 
towns had higher risks of lung function decline (OR 3.10 [2.41, 4.00] in Qukou Town, 10.95 [8.09, 14.92] in Xiakou 
Town, and 7.46 [5.51, 10.16] in Qujing Town, P < 0.05). The risk of lung function decline in women with income 
>35,000 yuan was less than that of women with income <10,000 yuan (OR 0.64 [0.49, 0.87], P < 0.05). Currently 
drinking tea was associated with a greater risk of decreased lung function compared to never having consumed tea (OR 
1.32 [1.07, 1.62], P < 0.05). Cooking was associated with a lower risk of decreased lung function compared to not 
cooking (OR 0.61 [0.38, 0.94], P < 0.05). In the adjusted model, compared to Baofeng town, the residents of the other 
three towns had higher risks of lung function decline (OR 2.90 [2.29, 3.68] in Qukou Town, 10.95 [8.16, 14.80] in 
Xiakou Town, and 7.34 [5.53, 9.80] in Qujing Town, P < 0.05). The risk of lung function decline was lower in women 
with incomes >35,000 yuan compared to that of women with incomes <10,000 yuan (OR 0.63 [0.48, 0.84], P < 0.05). 
Currently drinking tea was associated with a greater risk of decreased lung function compared to having consumed tea 
(OR 1.30 [1.06, 1.60], P <0.05). Cooking was associated with a lower risk of decreased lung function compared to not 

Table 2 Logistic Regression Analysis of Influencing Factors of Lung Function Decline

Men Women

Unadjust Adjust Unadjust Adjust

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Age <45 1 1 1 1

45–60 0.72 [0.51, 1.01] 0.062 0.71 [0.50, 1.02] 0.063 1.01 [0.77, 1.31] 0.964 0.99 [0.77, 1.28] 0.955

>60 1.05 [0.72, 1.52] 0.797 0.99 [0.66, 1.47] 0.951 1.40 [0.99, 1.99] 0.058 1.44 [1.05, 1.97] 0.024

Town Baofeng Town 1 1 1 1

Qukou Town 1.79 [1.38, 2.31] <0.001 1.84 [1.37, 2.48] <0.001 3.10 [2.41, 4.00] <0.001 2.90 [2.29, 3.68] <0.001

Xiakou Town 4.13 [3.07, 5.58] <0.001 4.32 [3.16, 5.93] <0.001 10.95 [8.09, 14.92] <0.001 10.95 [8.16, 14.80] <0.001

Qujing Town 4.55 [3.29, 6.31] <0.001 4.66 [3.27, 6.68] <0.001 7.46 [5.51, 10.16] <0.001 7.34 [5.53, 9.80] <0.001

Income 

situation

10,000< 1 1 1 1

10,000–19,999 0.75 [0.56, 1.00] 0.048 0.76 [0.57, 1.02] 0.068 0.82 [0.63, 1.08] 0.165 0.81 [0.62, 1.06] 0.127

20,000–34,999 0.77 [0.57, 1.05] 0.095 0.79 [0.58, 1.08] 0.142 0.85 [0.63, 1.13] 0.25 0.82 [0.62, 1.09] 0.172

>35,000 0.59 [0.43, 0.80] 0.001 0.61 [0.44, 0.84] 0.003 0.65 [0.49, 0.87] 0.004 0.63 [0.48, 0.84] 0.002

Tea Never 1 1 1 1

Ever 1.06 [0.63, 1.81] 0.822 1.06 [0.62, 1.83] 0.835 1.09 [0.65, 1.83] 0.748 1.11 [0.66, 1.85] 0.689

Now 1.04 [0.84, 1.28] 0.726 1.03 [0.84, 1.28] 0.752 1.32 [1.07, 1.62] 0.009 1.30 [1.06, 1.60] 0.012

Cooking No 1 1 1 1

Yes 0.87 [0.67, 1.15] 0.334 0.93 [0.70, 1.23] 0.61 0.61 [0.38, 0.94] 0.028 0.60 [0.38, 0.92] 0.023

Smoke exhaust 

equipment

No 1 1 1 1

Yes 0.77 [0.58, 1.01] 0.064 0.82 [0.62, 1.09] 0.183 0.81 [0.65, 1.00] 0.054 0.78 [0.64, 0.95] 0.012

Notes: Unadjust: contains all variables into the model. Adjust: variables included in the model include age, town, income situation, tea, cooking and smoke exhaust 
equipment.
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cooking (OR 0.60 [0.38, 0.92], P <0.05). The risk of decreased lung function was lower for women with smoke exhaust 
equipment compared to that in women without smoke exhaust equipment (OR 0.78 [0.64, 0.95]). None of the models 
considered obesity type.

Correlation Analysis of Obesity Type and Lung Function Indicators
Table 3 shows the results of the correlation analysis between obesity types and lung function indicators. Among men, in 
Model 1, the FVC of those with general obesity was lower than that of those with normal weight (β=−0.64[−1.10, −0.17], 
P< 0.05). The FVC was higher in men with central obesity compared to that in those with normal weight (β=0.12[0.05, 
0.18], P < 0.05). The FEV1 of men with general obesity was lower than that in men with normal weight (β=−0.54[−0.92,- 
0.15], P < 0.05). FEV1 was higher in men with central obesity compared to that in men with normal weight (β=0.12[0.06, 
0.17], P <0.05). The FEV1/FVC was higher in men with general and central obesity compared to that in men with normal 
weight (β=0.01[−0.00, 0.03], P< 0.05). In Model 2, the FVC of men with general and central obesity was lower than that 
in men with normal weight (β=−0.06[−0.13,-0.00], P< 0.05). FEV1 was higher in men with central obesity compared to 

Table 3 Correlation Analysis of Obesity Type and Lung Function Index

Model 1 Model 2 Model 3

β (95% CI) p β (95% CI) p β (95% CI) p

Men

FVC
Normal Reference Reference Reference

General obesity only −0.64 [−1.10, −0.17] 0.008 −0.28 [−0.66, 0.11] 0.161 −0.28 [−0.66, 0.10] 0.154

Central obesity only 0.12 [0.05, 0.18] <0.001 0.03 [−0.02, 0.09] 0.267 0.03 [−0.02, 0.09] 0.261
General and central obesity −0.02 [−0.09, 0.06] 0.689 −0.06 [−0.13, −0.00] 0.042 −0.06 [−0.13, −0.00] 0.037

FEV1

Normal Reference Reference Reference
General obesity only −0.54 [−0.92, −0.15] 0.006 −0.26 [−0.58, 0.06] 0.116 −0.24 [−0.56, 0.08] 0.138

Central obesity only 0.12 [0.06, 0.17] <0.001 0.05 [0.00, 0.09] 0.039 0.05 [0.00, 0.09] 0.036

General and central obesity 0.03 [−0.03, 0.09] 0.323 −0.01 [−0.06, 0.04] 0.647 −0.01 [−0.06, 0.04] 0.716
FEV1/FVC

Normal Reference Reference Reference

General obesity only 0.00 [−0.09, 0.09] 0.982 −0.01 [−0.09, 0.08] 0.876 0.00 [−0.09, 0.09] 0.986
Central obesity only 0.01 [−0.01, 0.02] 0.251 0.01 [−0.00, 0.02] 0.215 0.01 [−0.00, 0.02] 0.208

General and central obesity 0.01 [−0.00, 0.03] 0.08 0.01 [−0.00, 0.02] 0.115 0.01 [−0.00, 0.03] 0.072

Women
FVC

Normal Reference Reference Reference

General obesity only – – – – – –
Central obesity only 0.12 [0.08, 0.17] <0.001 0.10 [0.06, 0.14] <0.001 0.09 [0.05, 0.13] <0.001

General and central obesity 0.06 [0.00, 0.12] 0.043 0.10 [0.04, 0.15] <0.001 0.09 [0.03, 0.14] 0.001

FEV1
Normal Reference Reference Reference

General obesity only – – – – – –

Central obesity only 0.10 [0.07, 0.14] <0.001 0.08 [0.05, 0.11] <0.001 0.08 [0.05, 0.11] <0.001
General and central obesity 0.08 [0.03, 0.13] 0.001 0.11 [0.06, 0.15] <0.001 0.10 [0.06, 0.14] <0.001

FEV1/FVC

Normal Reference Reference Reference
General obesity only – – – – – –

Central obesity only −0.00 [−0.01, 0.01] 0.9 −0.00 [−0.01, 0.01] 0.794 −0.00 [−0.01, 0.01] 0.907

General and central obesity 0.01 [−0.00, 0.03] 0.087 0.01 [−0.00, 0.02] 0.174 0.01 [−0.00, 0.02] 0.102

Notes: Model 1: only obesity types entered the model. Model 2: all influencing factors were included in model. Model 3: this model included age, town education level, 
income, tea, drinking, vegetable and fruit intake, cooking, smoke exhaust equipment, exercise and sleep.
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that in men with normal weight (β=0.05[0.00, 0.09], P< 0.05). In Model 3, the FVC of men with general and central 
obesity people was lower than that in men with normal weight (β=−0.06[−0.13,-0.00], P < 0.05). FEV1 was higher in 
men with central obesity than that in men with normal weight (β=0.05[0.00, 0.09], P < 0.05). Among women, in all 
models, FVC and FEV1 were higher in those with central obesity than in those with normal weight (β0.08 to 0.12, P < 
0.05). FVC and FEV1 were higher in women with general and central obesity compared to women with normal weight (β 
0.06 to 0.11, P < 0.05).

Correlation of Obesity and Lung Function Indicators
Table 4 shows the results of the correlation analyses between obesity and lung function indicators. In men, BMIb, WHtR, 
and body fat percentage were negatively correlated with FVC (β −0.63 to −0.01, P < 0.05). WCa was positively 
correlated with FVC (β=0.01 [0.01, 0.02], P < 0.05) and FEV1 (β=0.01 [0.00, 0.01], P < 0.05). BMIb and body fat 
percentage were negatively correlated with FEV1 (β-0.02 to −0.00, P <0.05). The correlation between WC and FEV1 
was weak. BMIb and WHtR were positively correlated with FEV1/FVC (β0.01 to 0.15, P < 0.05). A weak correlation was 
observed between WC, WCa, BMI, and body fat percentage and FEV1/FVC. In women, WC, WCa, and WHR were 
positively correlated with FVC (β 0.01 to 0.80, P < 0.05). BMIb and body fat percentage were negatively correlated with 
FVC (β −0.05 to −0.00, P < 0.05). WC, WCa, BMI, WHR, and WHtR were positively correlated with FEV1 (β 0.01 to 
0.69, P < 0.05). BMIb was negatively correlated with FEV1 (β=−0.03 [−0.04, −0.02], P < 0.05). BMIb and WHtR were 
positively correlated with FEV1/FVC (β 0.01 to 0.12, P < 0.05). A weak correlation was observed between WCa, BMI 
and body fat percentage, and FEV1/FVC.

Table 4 Correlation Analysis of Obesity Indicators and Lung Function Indicators

Men Women

β (95% CI) p β (95% CI) p

FVC
WC 0.00 [−0.00, 0.00] 0.183 0.01 [0.00, 0.01] <0.001

WCa 0.01 [0.01, 0.02] <0.001 0.02 [0.02, 0.03] <0.001

BMI −0.00 [−0.01, 0.00] 0.191 0.00 [−0.00, 0.01] 0.345
BMIb −0.05 [−0.06, −0.03] <0.001 −0.05 [−0.07, −0.04] <0.001

WHR 0.01 [−0.34, 0.36] 0.946 0.80 [0.51, 1.09] <0.001

WHtR −0.63 [−1.02, −0.25] 0.001 0.00 [−0.30, 0.30] 0.983
Body fat % −0.01 [−0.01, −0.01] <0.001 −0.00 [−0.01, −0.00] 0.001

FEV1

WC 0.00 [0.00, 0.00] 0.004 0.01 [0.00, 0.01] <0.001
WCa 0.01 [0.00, 0.01] <0.001 0.01 [0.01, 0.02] <0.001

BMI 0.00 [−0.00, 0.01] 0.169 0.01 [0.00, 0.01] 0.001

BMIb −0.02 [−0.03, −0.00] 0.007 −0.03 [−0.04, −0.02] <0.001
WHR 0.21 [−0.08, 0.50] 0.156 0.69 [0.45, 0.93] <0.001

WHtR −0.05 [−0.37, 0.27] 0.769 0.30 [0.05, 0.54] 0.02
Body fat % −0.00 [−0.01, −0.00] 0.038 −0.00 [−0.00, 0.00] 0.701

FEV1/FVC

WC 0.00 [−0.00, 0.00] 0.096 0.00 [−0.00, 0.00] 0.338
WCa −0.00 [−0.00, −0.00] 0.004 −0.00 [−0.00, −0.00] <0.001

BMI 0.00 [0.00, 0.00] 0.001 0.00 [0.00, 0.00] <0.001

BMIb 0.01 [0.00, 0.01] <0.001 0.01 [0.01, 0.01] <0.001
WHR 0.05 [−0.03, 0.13] 0.188 −0.00 [−0.08, 0.07] 0.926

WHtR 0.15 [0.06, 0.24] 0.001 0.12 [0.04, 0.20] 0.002

Body fat % 0.00 [0.00, 0.00] <0.001 0.00 [0.00, 0.00] <0.001

Notes: aBMI was introduced into the regression model. bWC was introduced into the regression model.
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Discussion
In this study, the type of obesity was not included in the model and was not associated with reduced lung function. 
However, the analysis of lung function indicators and obesity types showed higher FVC and FEV1 in the group with 
central obesity compared to the normal population. FVC and FEV1 were also higher in women with general and central 
obesity, while FVC was lower in men with general obesity compared to the normal populations. In the evaluation of the 
correlation between central obesity indicators and lung function indicators, WC was weakly correlated with all lung 
function indicators. After adjusting for BMI, WC was positively correlated with FVC and FEV1 and weakly correlated 
with FEV1/FVC. BMI was also weakly correlated with all lung function indicators. BMI adjusted for WC was negatively 
correlated with FVC and FEV1 and positively correlated with FEV1/FVC. There was a weak negative correlation 
between body fat percentage and lung function index.

The multivariate analysis of factors affecting lung function showed a lower risk of lung function decline at a high 
economic level, which is consistent with previously reported results.27 Women aged > 60 years are at greater risk of 
declining lung function, and studies have shown that healthy non-smokers begin to lose lung function with age, starting 
at age 30.28,29 In the present study, women who drank tea had a greater risk of reduced lung function compared to that in 
women who did not, contrary to previous findings.30 This difference may be related to the frequency of tea consumption 
and the type of tea consumed.

Previous studies showed that both central and general obesity were negatively associated with pulmonary function.14 

However, in the present study, most of the correlations between lung function and obesity classification were positive or 
non-relevant, with only a few indicators showing negative correlations. Compared to previous studies,14 the results of the 
present study showed contrary correlations. In the present study, WC and BMI-adjusted WC showed weak positive 
correlations with lung function. However, a review showed that WC was negatively correlated with FEV1 and FVC.15 

Central obesity was defined by WC. The mechanism by which central obesity affects lung function may be that it restricts 
the movement of the diaphragm, thus limiting the respiratory function of the lung,31 leading to decreased lung function. 
Another possible mechanism is a decrease in functional surplus capacity due to increased loading of adipose tissue in the 
thorax, abdomen, and surrounding viscera.32 The discordant results in this study may be due to factors not included in the 
study, including social and environmental factors. The contrary results might also be caused by selection bias. In this 
study, the number of obesity types in groups was quite different, and there was no general obesity group among women. 
The evidence for the correlation between BMI, FEV1, and FVC is complex, with no definite conclusions.14,21,33,34 One 
study reported an inverted U-shaped relationship,33 some studies showed negative14 or no and even positive21,34 

relationships; however, none of these studies had adjusted for WC. The BMI results in the present study showed 
a pattern similar to that of a previous study.21 While there was no correlation between BMI and lung function indicators, 
after adjusting for WC, a negative correlation between BMI, FVC, and FEV1 was observed. Although some obesity 
indicators in this study were positively correlated with lung function, the body fat percentage was negatively correlated 
with lung function. Studies have shown that fat distribution and quality significantly impact lung function.35 The 
relationship between obesity and lung function may be influenced by the distribution of receptor lipids.15

Our study had several strengths. First, to clarify the independent effects of different obesity indexes on lung function, 
we conducted mutual adjustment for BMI and WC, which was rarely performed in previous studies. Second, the 
measurement of the obesity index was more comprehensive. Third, we excluded underweight participants as they 
could have underlying diseases, for which the mechanisms and relationships with lung function could be different and 
complex. Pooling this population with normal-weight people as a reference group could lead to unclear results; however, 
few studies have excluded the underweight population.14,34,36 Fourth, group analysis was conducted according to sex, as 
studies have reported differences in body fat between sexes.37

However, this study has some limitations. First, the data in this study were from a cohort population, but only 
analyzed cross-sectional data from this population. Therefore, this was a cross-sectional study, and its causal reasoning 
ability was not strong. Second, the size of the study was not sufficiently large and some confounding factors may not 
have been considered. Third, the numbers of people with general obesity and with normal WC in this study were far 
lower than those of the other two groups, which may lead to insufficient power to detect significant differences.
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Overall, although some obesity indicators in this study showed contrary results to those reported in other studies, BMI 
adjusted for WC was negatively correlated with lung function indicators. Body fat percentage was also negatively 
correlated with lung function indicators. These findings suggest that when BMI is used to predict lung function, 
adjustment for WC may increase the accuracy of the results. The percentage of body fat should also be considered in 
relation to the effect of obesity on lung function.

Conclusion
In conclusion, among the population in this study, we found that central obesity, central obesity, and general obesity were 
more strongly correlated with lung function, showing a positive correlation. Among the obesity indicators, BMI adjusted 
for WC was negatively correlated with lung function. A weak negative correlation was observed between body fat 
percentage and lung function. WHR is positively associated with lung function in women.

The Novelty of the Current Study
Most studies on the association between obesity and lung function have been based on obesity as defined by BMI. This 
study analyzed the relationship between obesity and lung function by combining BMI and some central obesity indices. 
Most of the research subjects in this area are Caucasians, and there are few studies on Asian races. In this study, obesity 
and lung function were assessed in a population of the Ningxia Cohort Study from the China Northwest Cohort.

Data Sharing Statement
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