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Abstract 

Background  Peak expiratory flow (PEF) serves as a direct indicator of the functional status of the respiratory system. 
Higher body fat content, especially abdominal obesity, may relate to a deterioration in long-term respiratory function. 
The "A Body Shape Index" (ABSI) better assesses abdominal obesity, but its association with PEF is poorly understood.

Methods  The analysis demonstrated data from 14,386 middle-aged and older adults from the 2015 China Health 
and Retirement Longitudinal Study (CHARLS). ABSI, a sex-specific metric integrating waist circumference, weight, 
and height via allometric modeling derived from Chinese anthropometrics, was analyzed against PEF/PEF prediction 
using multivariable linear and spline regressions to characterize nonlinear associations. Threshold effects, subgroup, 
and sensitivity analyses ensured robustness.

Results  This research showed a negative relationship between ABSI and both PEF and PEF predictions. An inverted 
L-shaped curve in the spline analysis characterized the association between ABSI and PEF/PEF prediction 
across the sexes. The ABSI threshold was 0.0782 and 0.0691 in males and females, respectively.

Conclusions  Abdominal obesity negatively affects respiratory function, with ABSI thresholds varying by sex. There-
fore, weight management should focus on a healthy ABSI to reduce abdominal obesity and safeguard respiratory 
health.
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Introduction
Respiratory function is crucial for human health, among 
middle-aged and older individuals, which progressively 
deteriorates with advancing age. Age-related decline in 
respiratory function contributes to health issues such as 
chronic obstructive pulmonary disease (COPD), pneu-
monia, and other respiratory conditions [1, 2]. Research 
indicates that reduced respiratory function is strongly 
associated with a heightened risk of cardiovascular dis-
ease, highlighting the importance of understanding 
changes in respiratory function and their impact [2]. Peak 
expiratory flow (PEF) serves as a crucial and affordable 
metric for assessing respiratory health that reflects airway 
openness and respiratory muscle strength [3]. In addition 
to diagnosing and monitoring asthma and COPD, it can 
also indicate non-respiratory issues such as dementia and 
sarcopenia [4–6]. Therefore, studying PEF in middle-aged 
and older individuals is vital for public health.

Obesity significantly affects respiratory function and 
has become a serious public health issue, particularly 
given the increasing obesity rates among the population 
of middle-aged and older people in China. Estimates 
show that the rate of overweight and obesity among 
Chinese adults could rise to 65.3% by 2030, with the 
estimated number of affected individuals potentially 
reaching 789.95 million [7]. A cohort study conducted 
in the rural regions of Henan, China, showed that the 
prevalence of abdominal obesity among individuals aged 
40 and older was as high as 53.2% [8]. A population-
based study of 121,965 participants found that the risk 
of impaired respiratory function was nearly twice as high 
in individuals with abdominal obesity [9]. Cohort studies 
have pointed to an association between abdominal obe-
sity and compromised breathing ability [10, 11]. There-
fore, a reliable indicator for evaluating abdominal obesity 
could potentially be associated with pulmonary func-
tion. But previous research has predominantly focused 
on waist circumference (WC) or the waist-to-hip ratio, 
neglecting the integration of WC and body mass index 
(BMI) for a comprehensive assessment and ignoring vari-
ations in how fat is distributed based on sex. The intro-
duction of "A Body Shape Index" (ABSI) has addressed 
these limitations. Among the numerous indicators used 
to assess obesity, ABSI offers distinct advantages, par-
ticularly in evaluating abdominal obesity. Established by 
Krakauer et al. in 2012, the ABSI integrates height, BMI, 
and WC for comprehensive assessment beyond individ-
ual metrics. A high ABSI reflects a waist measurement 
that surpasses what is expected for a given height and 
weight, underscoring the accumulation of volume in the 
central body [12–15]. As a conventional metric, BMI has 
limited ability to predict diseases because it does not dis-
tinguish between fat and lean mass, nor does it account 

for the distribution of adipose tissue [13]. In addition, due 
to differences in hormones, different sexes exhibit differ-
ent patterns of fat distribution. Males are more likely to 
have an "apple-shaped" body, while females tend to have 
a "pear-shaped" body [16, 17]. Due to differences in fat 
distribution caused by sex rely solely on indicators such 
as BMI, WC, or waist-to-hip ratio to assess abdominal 
obesity is inaccurate. Compared with conventional BMI, 
ABSI has shown enhanced predictive capability regard-
ing the risk and mortality associated with various chronic 
conditions, such as cardiovascular diseases, metabolic 
disorders, and chronic kidney disease [13–15].

Although there is an established negative association 
between abdominal obesity and compromised respira-
tory function [9–11], research concurrently examining 
BMI, WC, and sex-specific fat distribution is limited. 
Consequently, it is vital to explore the relationship 
involving ABSI, an index incorporating BMI, WC, sex-
specific fat distribution, and PEF, a key indicator of res-
piratory function. However, there is a paucity of research 
on this topic, particularly studies investigating the asso-
ciation between ABSI values calculated using formulas 
specific to the Chinese population and PEF within the 
same demographic group. Consequently, this research 
utilized data from the 2015 China Health and Retirement 
Longitudinal Study (CHARLS) to assess the relationship 
between ABSI and PEF in middle-aged and older Chinese 
adults. This research sought to expand the knowledge 
of the effects of obesity on respiratory function. These 
insights are essential to inform future clinical practices 
and develop public health strategies.

Methods
Study population and design
CHARLS is an ongoing, nationally representative longi-
tudinal survey in China, established in 2011. CHARLS 
collects high-quality data through structured question-
naire interviews from a nationally representative sample 
of Chinese people aged 45 and older, using multistage 
stratified sampling proportional to size. It included par-
ticipants from urban and rural areas, ensuring coverage 
of the substantial rural–urban differences in lifestyle, 
socioeconomic status, and health outcomes that charac-
terize the Chinese population. Participants completed a 
standardized questionnaire to gather sociodemographic, 
lifestyle, and health-related data. The participants under-
went biennial follow-ups after the baseline survey. The 
survey sample was nationally representative and included 
individually weighted variables. The CHARLS study 
design has been described previously [18].

This research conducted a retrospective analysis of 
data from 19,989 individuals aged 45 and older, using the 
CHARLS 2015 dataset. Out of these, 5,153 were omitted 
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due to the following exclusion criteria: (1) no information 
about height, weight, WC, or PEF (N = 4,852); (2) lack of 
information on marital status, smoking, educational sta-
tus, and age (N = 55); and (3) height < 50 cm and WC < 30 
cm erroneous data (N = 246). Multiple imputations were 
used to address the missing data in the covariates. Sub-
sequently, 14,836 participants were categorized into five 
groups based on ABSI quintiles, as illustrated in Fig. 1.

The research complied with the applicable ethical 
guidelines set forth by national or institutional research 
committees, as well as the principles outlined in the Dec-
laration of Helsinki established in 1964 and its subse-
quent amendments. It was also conducted in compliance 
with the STrengthening the Reporting of OBservational 
studies in Epidemiology (STROBE) Reporting Guidelines 
for observational studies [19].

ABSI assessment
The ABSI, developed by Krakauer et  al., is a compre-
hensive index derived from American population data 
used to evaluate body shape and abnormal obesity by 
integrating WC, height, and BMI [12]. However, the 
standardized coefficients of BMI and height vary across 
populations with different body type patterns and racial 
backgrounds [20]. To ensure applicability to the Chi-
nese population, the ABSI formulated by Wang et al. in 
2020, based explicitly on the Chinese population, was 
used [21]. This formula was developed utilizing three 
anthropometric measurements specific to the Chinese 
population: weight, height, and WC. Utilizing the allo-
metric scaling approach, we conducted linear regres-
sion using log-transformed WC measurements as the 
response parameter, with logarithmically converted val-
ues for body mass and stature serving as predictive fac-
tors. Given the variations in body morphology between 
males and females, sex-specific ABSI formulae were 
derived. Height was assessed with a vertical altimeter, 
while weight was determined using a scale during the 
physical examination. Anthropometric assessments were 
conducted with a flexible measuring tape to record the 
horizontal plane at the umbilical level, capturing abdomi-
nal perimeter dimensions while subjects maintained an 
upright standing posture.

Male: ABSI = WC(m)

height(m)0.455×BMI
0.7

Female: ABSI = WC(m)

height(m)0.408×BMI
0.734

Respiratory function assessment
In the CHARLS, respiratory function was evaluated 
under the supervision of certified healthcare professionals 

BMI = weight (kg)/height2(m2)

and trained volunteers. Subjects were trained to stand 
straight, inhale deeply, and position their lips securely on 
a disposable mouthpiece. They then forcefully exhaled at 
maximum velocity. Three trials were conducted, with the 
best reading from these respiratory efforts selected for 
analysis. The predicted peak expiratory flow (PEF predic-

tion) calculation for males was performed using the for-
mula: 75.6 + 20.4 × age − 0.41 × age2 + 0.002 × age3 + 1.19 
× height (cm) [22]. The formula for females is as follows: 
282.0 + 1.79 × age – 0.046 × age2 + 0.68 × height (cm). 
Airflow limitation (AL) is characterized by a PEF/PEF 
prediction ratio of < 80%, whereas severe airflow limitation 
(SAL) is identified when this ratio is < 60% [22, 23].

Covariates
Covariates included categorical variables (self-reported 
via questionnaire: sex, age, race, residence, marital status, 
smoking status, alcohol consumption, educational level; 
diagnosed via self-report and physician diagnoses [medi-
cal records]: hypertension, diabetes, stroke, heart disease, 
dyslipidemia, kidney disease) and continuous variables 
(self-reported age, sleep duration; measured via blood 
assays: plasma glucose, low-density lipoprotein [LDL], 
total cholesterol [TC], creatinine, triglycerides [TG], 
Cystatin C). Detailed protocols are available at: https://​
charls.​charl​sdata.​com/​pages/​Data/​2015-​charls-​wave4/​
zh-​cn.​html.

Statistical analysis
Spline regression and nonlinear modeling
All the participants were separated into quintile cat-
egories based on their ABSI levels. Continuous vari-
ables are presented as mean (standard deviation; SD) 
or median (interquartile range; IQR), and categorical 
variables as frequencies or percentages (n, %). Baseline 
characteristics were analyzed using one-way analysis 
of variance (ANOVA) and the Kruskal–Wallis test for 
normally and non-normally distributed continuous 
variables, respectively. The chi-square test was used for 
categorical variables. Multiple imputations (five itera-
tions) were used for covariates with > 1% missing val-
ues. Supplemental Table  1 displays the variables and 
extent of missingness. Linear regression models were 
applied to the overall, male, and female populations to 
calculate the coefficients (β) and 95% confidence inter-
val (95% CI) for the association between ABSI and both 
PEF and PEF/PEF prediction. When utilizing linear regres-
sion models, it was ensured that all underlying assump-
tions, including posterior predictive checks, linearity, 
homogeneity of variance, influential observations, col-
linearity, and normality of residuals, were thoroughly 
validated. All models met these criteria. Logistic regres-
sion models assessed the association between ABSI and 

https://charls.charlsdata.com/pages/Data/2015-charls-wave4/zh-cn.html
https://charls.charlsdata.com/pages/Data/2015-charls-wave4/zh-cn.html
https://charls.charlsdata.com/pages/Data/2015-charls-wave4/zh-cn.html
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AL or SAL with odds ratios (OR) and 95% CIs. To pre-
vent large ABSI regression coefficients, the ABSI val-
ues were scaled by a factor of 100. Model 1 remained 

unadjusted, whereas Model 2 was adjusted for demo-
graphic variables, including age, race, residence, educa-
tional level, marital status, and sleep patterns. Model 3 

Fig. 1  Participant inclusion flowchart (China health and retirement longitudinal study [CHARLS])
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incorporated smoking and drinking status and chronic 
diseases, including diabetes, hypertension, stroke, 
heart disease, kidney disease, and dyslipidemia. Model 
4 enhanced the analysis by factoring serum biomarkers, 
including creatinine, glucose, TG, LDL, TC, and Cysta-
tin C. The selection of covariates was based on demo-
graphic variables, the presence of chronic diseases, 
changes in effect estimates exceeding 10%, and indi-
cators previously reported in the literature as poten-
tially affecting PEF [23]. A multiple regression analysis 
ensured the robustness of the results after multiple 
imputations. A smoothing spline curve was utilized to 
investigate the possible nonlinear relationship between 
ABSI and PEF/PEF prediction, with adjustments made for 
the variables in Model 4.

Threshold determination using two‑piece linear regression
A smoothed two-piece linear regression model was used 
to examine the association threshold between ABSI and 
PEF/PEF prediction, with adjustments for the variables in 
Model 4.

Subgroup and sensitivity analyses
Interaction and subgroup analyses were performed 
according to age, sex, race, drinking status, and smok-
ing status using linear regression models, adjusting for 
the variables in Model 4. These subgroups were selected 
based on the fundamental characteristics and lifestyle 
factors study of the population that significantly influence 
respiratory function. Four sensitivity analyses were con-
ducted to ensure the robustness of the results. The first 
repeated analyses were performed according to the ABSI 
quartiles. Secondly, we performed a sensitivity analysis 
of the association between the three ABSI components 
and PEF. As the third sensitivity analysis, missingness 
indicators (dummy variables) were integrated into regres-
sion models to evaluate potential bias from incomplete 
data. Fourth, to mitigate the influence of self-reported 
and physician-diagnosed chronic pulmonary diseases 
(namely chronic bronchitis, emphysema, and pulmonary 
heart disease) on the findings, these participants were 
excluded from the study.

Software and significance threshold
Statistical analyses were conducted using R Statisti-
cal Software (v4.2.2; R Foundation for Statistical Com-
puting;  http://​www.R-​proje​ct.​org) and a free statistical 
analysis platform (v2.0; Beijing Free Clinical Medical 
Technology Co., Ltd.). Descriptive statistics were calcu-
lated for all participants, and statistical significance was 
assessed using a two-tailed test with a P value threshold 
of < 0.05.

Results
Characteristics of the population by ABSI
This study included 14,836 participants with an average 
age of 60.5 ± 9.8 years. Of these, 7,035 (47.4%) were male, 
and the mean ABSI was 0.0729 ± 0.0062. Table 1 presents 
the characteristics of the participants across the ABSI 
quintiles. Higher ABSI scores were typically associated 
with older age, male sex, unmarried status, alcohol con-
sumption, smoking status, and higher educational level. 
Additionally, higher ABSI was associated with diabetes, 
hypertension, stroke, kidney diseases, heart diseases, 
dyslipidemias, and higher levels of glucose, creatinine, 
TC, LDL, Cystatin C, and TG.

 Association between ABSI and PEF , PEF/PEF prediction, AL 
and SAL
Following multivariate adjustments, ABSI was signifi-
cantly negatively associated with PEF and PEF/PEF pre-

diction. In men, a 0.01 unit increase in ABSI resulted in a 
9.83 L/min reduction in PEF (β = −9.83, 95% CI: −17.26 
to −2.4, P = 0.010) and a 3.30 unit decrease in PEF/PEF 
prediction (β = −3.30, 95% CI: −5.05 to −1.55, P < 0.001). 
Stratification by ABSI quintile showed that the highest 
ABSI subgroup (Q5, 0.0793 to 0.114) experienced a 13.32 
L/min decrease in PEF and 3.86 unit decrease in PEF/PEF 
prediction compared with the lowest ABSI subgroup (Q1, 
0.0231 to 0.0729). These associations were consistent in 
separate analyses of the general population and females 
(Tables 2 and 3). As shown in Table 4, in the overall study 
population, an increase in ABSI is significantly associated 
with elevated levels of AL (OR 1.17, 95% CI 1.08–1.28, P < 
0.001) and SAL (OR 1.30, 95% CI 1.19–1.41, P < 0.001). 
These associations are consistent across both male and 
female participants.

Smoothing spline curve regression model
The association between ABSI and PEF/PEF prediction 
across sexes was characterized by an inverted L-shaped 
curve in the spline analysis (Fig.  2). A threshold value 
of 0.0782 was identified in the threshold analysis of 
men. Each 0.01 unit rise in ABSI beyond the threshold 
decreased PEF/PEF prediction by 13.047 units (95% CI: 
−18.285 to −7.809, P < 0.001). Conversely, when the ABSI 
was < 0.0782, no significant association was observed 
between ABSI and PEF/PEF prediction. Similarly, a thresh-
old of 0.0691 was established for the threshold analysis of 
females. Beyond this threshold, each 0.01 unit increase in 
ABSI corresponded to a reduction in PEF/PEF prediction by 
8.138 units (95% CI: −10.549 to −5.726, P < 0.001). When 
the ABSI was < 0.0691, no significant association was 
found between the ABSI and PEF/PEF prediction (Table 5).

http://www.R-project.org
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Table 1  Baseline characteristics of participants stratified by a body shape index quintile

Variables Total (N = 14,836) Q1 (N = 2967) Q2 (N = 2967) Q3 (N = 2967) Q4 (N = 2967) Q5 (N = 2968) P value
 ≤ 6.86 6.86–7.18 7.18–7.46 7.46–7.76  ≥ 7.76

Demographic
  Sex, n (%)  < 0.001

 Female 7801 (52.6) 2696 (90.9) 2308 (77.8) 1493 (50.3) 782 (26.4) 522 (17.6)

 Male 7035 (47.4) 271 (9.1) 659 (22.2) 1474 (49.7) 2185 (73.6) 2446 (82.4)

  Age, Mean ± SD (y) 60.5 ± 9.8 56.5 ± 8.5 59.0 ± 8.8 60.5 ± 9.2 61.5 ± 9.8 65.1 ± 10.5  < 0.001

  Race, n (%)  < 0.001

 Non-Han 970 (6.5) 222 (7.5) 199 (6.7) 181 (6.1) 167 (5.6) 201 (6.8)

 Han 12,388 (83.5) 2516 (84.8) 2514 (84.7) 2510 (84.6) 2488 (83.9) 2360 (79.5)

 Unknown 1478 (10.0) 229 (7.7) 254 (8.6) 276 (9.3) 312 (10.5) 407 (13.7)

  Residence, n (%) 0.067

 Urban community 5583 (37.6) 1142 (38.5) 1069 (36.0) 1093 (36.8) 1111 (37.4) 1168 (39.4)

 Rural village 9253 (62.4) 1825 (61.5) 1898 (64.0) 1874 (63.2) 1856 (62.6) 1800 (60.6)

  Educational Level, 
n (%)

 < 0.001

 Illiterate 6362 (42.9) 1374 (46.3) 1461 (49.2) 1314 (44.3) 1099 (37) 1114 (37.5)

 Primary school 4149 (28.0) 791 (26.7) 771 (26.0) 826 (27.8) 867 (29.2) 894 (30.1)

 Junior high school 2842 (19.2) 529 (17.8) 500 (16.9) 568 (19.1) 648 (21.8) 597 (20.1)

 High school or above 1483 (10.0) 273 (9.2) 235 (7.9) 259 (8.7) 353 (11.9) 363 (12.2)

  Marital status, n (%)  < 0.001

 No 1920 (12.9) 298 (10.0) 393 (13.2) 404 (13.6) 387 (13.0) 438 (14.8)

 Yes 12,916 (87.1) 2669 (90.0) 2574 (86.8) 2563 (86.4) 2580 (87.0) 2530 (85.2)

Health status and function
  Height, Mean ± SD 
(m)

1.6 ± 0.1 1.5 ± 0.1 1.6 ± 0.1 1.6 ± 0.1 1.6 ± 0.1 1.6 ± 0.1  < 0.001

  Weight, Mean ± SD 
(kg)

60.1 ± 11.8 60.0 ± 13.0 58.2 ± 10.2 59.8 ± 11.1 62.1 ± 11.9 60.4 ± 12.4  < 0.001

  WC, Mean ± SD 
(cm)

86.5 ± 10.7 81.5 ± 11.5 85.0 ± 10.2 86.5 ± 10.1 88.5 ± 9.5 90.7 ± 9.9  < 0.001

  ABSI**, Mean ± SD 7.29 ± 0.62 6.47 ± 0.62 7.02 ± 0.09 7.32 ± 0.01 7.60 ± 0.08 8.05 ± 0.31  < 0.001

  PEF, Mean ± SD (L/
min)

318.3 ± 125.9 294.6 ± 92.3 299.7 ± 108.7 325.1 ± 129.6 349.1 ± 137.7 322.8 ± 145.8  < 0.001

  PEF/PEF prediction, 
Mean ± SD (%)

83.7 ± 27.2 84.6 ± 23.8 84.1 ± 26.0 84.0 ± 26.5 84.8 ± 27.9 81.0 ± 30.9  < 0.001

  Drinking status, 
n (%)

 < 0.001

 No 7972 (53.7) 2193 (73.9) 1994 (67.2) 1560 (52.6) 1187 (40.0) 1038 (35.0)

 Yes 6864 (46.3) 774 (26.1) 973 (32.8) 1407 (47.4) 1780 (60.0) 1930 (65.0)

  Smoking status, 
n (%)

 < 0.001

 Nevera 8398 (56.6) 2583 (87.1) 2264 (76.3) 1633 (55.0) 1077 (36.3) 841 (28.3)

 Currentb 4175 (28.1) 233 (7.9) 479 (16.1) 927 (31.2) 1229 (41.4) 1307 (44.0)

 Pastc 2263 (15.3) 151 (5.1) 224 (7.5) 407 (13.7) 661 (22.3) 820 (27.6)

  Sleep duration, 
Mean ± SD (h)

6.4 ± 1.9 6.4 ± 1.9 6.3 ± 2.0 6.4 ± 2.0 6.4 ± 1.9 6.5 ± 1.9 0.016

  Hypertension, n (%)  < 0.001

 No 6136 (41.4) 1265 (42.6) 1357 (45.7) 1256 (42.3) 1182 (39.8) 1076 (36.3)

 Yes 7318 (49.3) 1321 (44.5) 1327 (44.7) 1440 (48.5) 1542 (52.0) 1688 (56.9)

 Unknown 1382 (9.3) 381 (12.8) 283 (9.5) 271 (9.1) 243 (8.2) 204 (6.9)
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Subgroup analysis
Subgroup analysis was performed across various sub-
groups to assess potential differences in the asso-
ciation between ABSI and PEF/PEF prediction. No 
significant interactions were found in subgroups 

categorized according to sex, race, alcohol consump-
tion, or smoking status. In the age-stratified subgroup, 
an interaction existed between ABSI and PEF/PEF predic-

tion, as indicated by the likelihood ratio test P value of 
0.001) (Fig. 3).

ABSI a body shape index, PEF peak expiratory flow, TC total cholesterol, TG triglycerides, LDL low-density lipoprotein, WC waist circumference, SD standard deviation, 
IQR interquartile range
** Continuous variable: ABSI was scaled by a factor of 100
a Defined as individuals with no history of smoking, including cigarette smoking, pipe use, or chewing tobacco, where smoking is classified as having consumed more 
than 100 cigarettes or an equivalent amount of tobacco in their lifetime
b Defined as individuals with a history of smoking cigarettes, smoking a pipe, or chewing tobacco, either currently or in the past, with smoking classified as having 
consumed more than 100 cigarettes in their lifetime
c Defined as an individual with a history of smoking cigarettes, using a pipe, or chewing tobacco, with smoking defined as having consumed more than 100 cigarettes 
or equivalent, but who has now quit

Table 1  (continued)

Variables Total (N = 14,836) Q1 (N = 2967) Q2 (N = 2967) Q3 (N = 2967) Q4 (N = 2967) Q5 (N = 2968) P value
 ≤ 6.86 6.86–7.18 7.18–7.46 7.46–7.76  ≥ 7.76

  Diabetes, n (%)  < 0.001

 No 10,502 (70.8) 2060 (69.4) 2129 (71.8) 2121 (71.5) 2082 (70.2) 2110 (71.1)

 Yes 2418 (16.3) 420 (14.2) 471 (15.9) 446 (15.0) 525 (17.7) 556 (18.7)

 Unknown 1916 (12.9) 487 (16.4) 367 (12.4) 400 (13.5) 360 (12.1) 302 (10.2)

  Heart Diseases, 
n (%)

 < 0.001

 No 10,406 (70.1) 1978 (66.7) 2066 (69.6) 2113 (71.2) 2113 (71.2) 2136 (72.0)

 Yes 2324 (15.7) 457 (15.4) 510 (17.2) 434 (14.6) 450 (15.2) 473 (15.9)

 Unknown 2106 (14.2) 532 (17.9) 391 (13.2) 420 (14.2) 404 (13.6) 359 (12.1)

  Stroke, n (%)  < 0.001

 No 12,350 (83.2) 2384 (80.4) 2525 (85.1) 2473 (83.4) 2460 (82.9) 2508 (84.5)

 Yes 448 (3.0) 71 (2.4) 62 (2.1) 85 (2.9) 114 (3.8) 116 (3.9)

 Unknown 2038 (13.7) 512 (17.3) 380 (12.8) 409 (13.8) 393 (13.2) 344 (11.6)

  Dyslipidemias, 
n (%)

 < 0.001

 No 10,095 (68.0) 1930 (65.0) 2046 (69.0) 2037 (68.7) 2024 (68.2) 2058 (69.3)

 Yes 2346 (15.8) 460 (15.5) 478 (16.1) 460 (15.5) 467 (15.7) 481 (16.2)

 Unknown 2395 (16.1) 577 (19.4) 443 (14.9) 470 (15.8) 476 (16.0) 429 (14.5)

  Kidney Diseases, 
n (%)

 < 0.001

 No 11,458 (77.2) 2222 (74.9) 2317 (78.1) 2310 (77.9) 2294 (77.3) 2315 (78.0)

 Yes 1276 (8.6) 220 (7.4) 248 (8.4) 240 (8.1) 273 (9.2) 295 (9.9)

 Unknown 2102 (14.2) 525 (17.7) 402 (13.5) 417 (14.1) 400 (13.5) 358 (12.1)

Serum biomarkers
  Glucose, Mean ± SD 
(mg/dL)

103.5 ± 35.2 99.8 ± 29.0 101.3 ± 30.2 102.6 ± 32.8 106.0 ± 39.5 108.2 ± 42.8  < 0.001

  Creatinine, Mean 
± SD (mg/dL)

0.8 ± 0.3 0.7 ± 0.2 0.8 ± 0.3 0.8 ± 0.2 0.9 ± 0.3 0.9 ± 0.4  < 0.001

  TC, Mean ± SD 
(mg/dL)

184.2 ± 36.3 187.0 ± 35.5 186.5 ± 36.3 184.0 ± 36.8 183.0 ± 36.1 180.3 ± 36.4  < 0.001

  LDL, Mean ± SD 
(mg/dL)

102.4 ± 28.8 103.8 ± 28.6 103.4 ± 28.7 102.4 ± 28.9 102.4 ± 29.0 99.9 ± 28.8  < 0.001

  Cystatin C, Mean 
± SD (mg/dL)

0.9 ± 0.2 0.8 ± 0.2 0.8 ± 0.2 0.8 ± 0.2 0.9 ± 0.3 0.9 ± 0.3  < 0.001

  TG, Median (IQR) 
(mg/dL)

115.9 (83.2, 170.8) 112.4 (82.3, 166.4) 116.8 (85.0, 169.0) 112.4 (81.4, 168.6) 116.8 (83.2, 176.1) 117.7 (84.1, 174.3) 0.021
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Sensitivity analysis
First, the findings remained unchanged according to the 
ABSI quartiles (Supplemental Table 2). Second, a sensitivity 
analysis was performed to examine the association between 
the three ABSI components and PEF. Supplemental Table 3 
demonstrates that after adjusting for all variables, height, 
weight, and WC were found to be independently associated 
with PEF. Third, Sensitivity analyses with missing indica-
tors showed consistent negative associations between ABSI 
and PEF/PEF prediction across methods, with aligned trend 
directions (Supplementary Table  4). Fourth, after exclud-
ing patients with chronic pulmonary disease, the results 
remained robust (Supplementary Table 5).

Discussion
This study investigated the association between the ABSI 
and respiratory function in middle-aged and elderly Chi-
nese individuals. The main findings were as follows: (1) 
There was a negative association between ABSI and both 
PEF and PEF/PEF prediction in these age groups, as deter-
mined by regression analysis. A higher ABSI was propor-
tionally related to a higher risk of AL and SAL, even after 
controlling confounders related to this research. (2) There 
was a significant threshold effect between ABSI and PEF/
PEF prediction, with different thresholds for different sexes.

The decline in respiratory function among middle-aged 
and older individuals is significantly influenced by obe-
sity, particularly abdominal obesity, as confirmed by mul-
tiple cross-sectional [9, 24] and cohort studies [10, 11, 
25]. BMI, a common measure for assessing weight-related 
health, has limitations not only in distinguishing between 
fat and lean mass but also in accounting for sex differ-
ences or adipose tissue distribution [13]. This is particu-
larly important because different body fat distributions in 
men and women can have distinct effects on respiratory 
health. In contrast, the ABSI, introduced in 2012, com-
bines WC, height, and weight to assess abdominal obe-
sity independently, without relying on BMI. Research 
shows that ABSI is more strongly associated with early 
mortality and health risks, including diabetes, metabolic 
syndrome, and cardiovascular disease, than BMI or WC 
alone [13–15]. The study innovatively applied the ABSI 
formula derived from a Chinese population to assess its 
association with PEF and demonstrated the stronger cor-
relation of ABSI with respiratory function. Furthermore, 
the identified sex-specific thresholds for ABSI in relation 
to PEF highlight the importance of considering sex dif-
ferences in body fat distribution and respiratory health, 
which is consistent with findings from other populations 
[26]. This approach provides a more nuanced under-
standing of the effect of abdominal obesity on respira-
tory function, particularly in the context of sex-specific 
differences.

PEF indicates airway patency, large airway function, 
and respiratory muscle strength [22, 27]. Research sug-
gests that individuals with metabolic syndrome (MetS) 
demonstrate a reduction in their creatinine-to-cystatin C 
ratio (CCR) [28]. The CCR is a marker of reactive muscle 
mass that exerts protective effects on respiratory func-
tion [29]. A reduction in CCR is associated with a dete-
rioration in pulmonary function, particularly abdominal 
obesity, a predominant characteristic of MetS. Conse-
quently, an increase in the ABSI score, which signifies 
abdominal obesity, was associated with a decline in PEF 
and PEF/PEF prediction. Furthermore, numerous studies 
have directly corroborated that abdominal obesity con-
tributes to a reduction in muscle mass [30–32], subse-
quently demonstrating increased ABSI and decreased 
PEF. There are several other mechanisms by which obe-
sity affects respiratory function. Studies have shown 
that obese patients have significant differences in venti-
latory dynamics in the resting state and during exercise 
compared with normal-weight individuals [33]. Obe-
sity leads to reduced vital capacity, increased respira-
tory rate, and increased physiological dead space, which 
may lead to dyspnea and decreased exercise endurance 
[34, 35]. Obesity also affects inflammatory responses in 
the respiratory tract. The airways of obese patients are 
usually accompanied by higher levels of inflammation 
[36, 37]. Furthermore, obesity disrupts the balance of 
the autonomic nervous system, marked by heightened 
sympathetic activity and reduced parasympathetic func-
tion. This dysregulation leads to an increase in bronchial 
smooth muscle tone, thereby elevating airway resistance 
during forced expiration and further impairing PEF [38, 
39]. In addition, obesity exacerbates sleep-disordered 
breathing conditions, such as obstructive sleep apnea, 
wherein recurrent cycles of hypoxia and reoxygenation 
induce chronic airway inflammation and diaphragm 
fatigue. These interactions establish a vicious cycle that 
perpetuates declines in PEF, even during daytime res-
piration [40, 41]. Additionally, it is well known that res-
piratory function declines with age [1], and the subgroup 
analysis revealed an interaction effect with age. Muscle 
mass and function gradually decline with increasing age, 
and the respiratory muscles are no exception [42]. Aging 
of the respiratory muscles is a major reason for a decline 
in respiratory function [43].

The association between ABSI and PEF exhibited sex 
differences, aligning with the findings of Zeng et al. [26] 
that the impact of general obesity on respiratory func-
tion is more pronounced in women. In contrast, the 
link between central obesity and respiratory function is 
more evident in men. This can be attributed to variations 
in body fat distribution: women typically have a"pear-
shaped"body morphology with more fat in the lower 
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Table 4  Association of continuous ABSI** with AL and SAL risk (Multiple imputation)

ABSI a body shape index, TC total cholesterol, TG triglycerides, LDL low-density lipoprotein, SAL severe airflow limitation, AL airflow limitation, OR odds ratio, CI 
confidence interval

Model 1: not adjusted

Model 2: adjusted for age, sex, race, residence, educational status, marital status, sleep duration

Model 3: adjusted for model 2, additionally adjusted for smoking status, drinking status, hypertension, diabetes, heart diseases, stroke, dyslipidemias, kidney diseases

Model 4: adjusted for model 3, additionally adjusted for creatinine, glucose, TC, TG, LDL, Cystatin C
** Continuous variable: ABSI was scaled by a factor of 100

Categories Model 1 Model 2 Model 3 Model 4

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

All AL 1.15 (1.09–1.21)  < 0.001 1.17 (1.09–1.25)  < 0.001 1.17 (1.09–1.27)  < 0.001 1.17 (1.08–1.28)  < 0.001

SAL 1.36 (1.27–1.46)  < 0.001 1.30 (1.19–1.41)  < 0.001 1.29 (1.18–1.40)  < 0.001 1.30 (1.19–1.41)  < 0.001

Male AL 1.26 (1.15–1.39)  < 0.001 1.17 (1.05–1.31) 0.004 1.18 (1.05 ~ 1.33) 0.007 1.18 (1.03–1.34) 0.017

SAL 1.58 (1.38–1.80)  < 0.001 1.37 (1.20–1.56)  < 0.001 1.36 (1.19 ~ 1.56)  < 0.001 1.38 (1.20–1.57)  < 0.001

Female AL 1.32 (1.21–1.43)  < 0.001 1.16 (1.06–1.27) 0.001 1.16 (1.05–1.29) 0.003 1.17 (1.05–1.30) 0.006

SAL 1.52 (1.37–1.70)  < 0.001 1.27 (1.14–1.42)  < 0.001 1.27 (1.13–1.42)  < 0.001 1.27 (1.14–1.42)  < 0.001

Fig. 2  association between ABSI and PEF/PEF prediction. Curves indicate the association between ABSI and PEF/PEF predictions, adjusted 
for confounders. P < 0.001 for non-linearity in both sexes. Histograms show ABSI distribution. The width of each bar represents the bin range (group 
interval), and the height indicates the frequency of data within that bin range. TC: total cholesterol; TG: triglycerides; LDL: low-density lipoprotein. 
Adjusted for age, race, residence, educational status, marital status, sleep duration, smoking status, drinking status, hypertension, diabetes, 
heart diseases, stroke, dyslipidemias, kidney diseases, creatinine, glucose. TC, TG, LDL, Cystatin C. Only 0.91% ~ 99.86% of the data is displayed. ** 
Continuous variable: ABSI was scaled by a factor of 100
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Table 5  Threshold effect analysis of the ABSI and PEF/PEF prediction

TC total cholesterol, TG triglycerides, LDL low-density lipoprotein, β coefficient, CI confidence interval. Adjusted for age, race, residence, educational status, marital 
status, sleep duration, smoking status, drinking status, hypertension, diabetes, heart diseases, stroke, dyslipidemias, kidney diseases, creatinine, glucose, TC, TG, LDL, 
Cystatin C. Only 0.91% ~ 99.86% of the data is displayed
** Continuous variable: ABSI was scaled by a factor of 100

ABSI** Adjusted model

β (95% CI) P value

Male

 < 7.82 −0.103(−2.767 ~ 2.561) 0.939

 ≥ 7.82 −13.047(−18.285 ~ −7.809)  < 0.001

Likelihood Ratio test  < 0.001

Female

 < 6.91 1.382(−1.938 ~ 4.702) 0.415

 ≥ 6.91 −8.138(−10.549 ~ −5.726)  < 0.001

Likelihood Ratio test  < 0.001

Fig. 3  Subgroup analysis of the association between ABSI and PEF/PEF prediction in the entire population. TC: total cholesterol; TG: triglycerides; 
LDL: low-density lipoprotein; CI: confidence interval. Adjusted for race, residence, educational status, marital status, sleep duration, hypertension, 
diabetes, heart diseases, stroke, dyslipidemias, kidney diseases, creatinine, glucose, TC, TG, LDL, Cystatin C. ABSI was scaled by a factor of 100
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body, and men have an"apple-shaped"form with higher 
abdominal fat concentration [16, 17]. Hormonal differ-
ences likely play a key role; elevated estrogen in women 
promotes adipose tissue storage, especially in the lower 
extremities, whereas testosterone in men enhances mus-
cle hypertrophy and reduces visceral fat [44, 45]. These 
factors contribute to the sex-specific thresholds observed 
in the study, with women having a lower threshold than 
men due to their lower baseline ABSI associated with 
a"pear-shaped"body and men having a higher baseline 
ABSI associated with an"apple-shaped"body.

Interestingly, some studies have found that increased 
BMI protects against COPD [46], especially in male 
patients. Additionally, obesity is negatively correlated 
with mortality in patients with acute respiratory distress 
syndrome [47, 48]. Similarly, in the study, the associa-
tions were nonlinear and below the ABSI threshold, and 
an increased ABSI did not negatively impact respiratory 
function. It is speculated that a lower ABSI value not 
only reflects lower abdominal fat but also indicates low 
body weight or malnutrition. At this stage, an increase in 
ABSI may lead to not only the accumulation of abdomi-
nal fat but also an increase in skeletal muscle. As skeletal 
muscle is positively associated with respiratory function 
[49], an increase in ABSI below the threshold does not 
temporarily decrease PEF. In addition, increased chest 
wall elastance in obese patients may provide protective 
benefits by partially absorbing transpulmonary pressure, 
thereby reducing ventilator-induced lung injury [50]. 
These results were consistent with the findings.

The study involved a substantial cross-sectional analy-
sis of a Chinese population. It employed the ABSI for-
mula to evaluate the association between abdominal 
obesity and PEF, thereby providing a robust assessment 
of respiratory function. Through the objective measure-
ment of various anthropometric indices, the independent 
impact of ABSI on PEF was assessed, with the reliability 
of the findings supported by a sensitivity analysis. The 
findings indicate that ABSI thresholds can be effectively 
integrated into clinical guidelines for managing obe-
sity and assessing respiratory risk, with adjustments for 
sex differences. This allows for more personalized and 
targeted interventions. Additionally, the study provides 
valuable insights into public health policies to reduce 
abdominal obesity among middle-aged and older adults, 
crucial for preserving respiratory function and enhanc-
ing health outcomes. The cost-effectiveness of PEF as a 
screening tool was also highlighted in the study, empha-
sizing its potential as a practical approach for the early 
detection and management of respiratory issues associ-
ated with obesity, especially in resource-limited settings.

This study had some limitations. First, while adjusting 
for multiple covariates in the statistical model, residual 

confounding variables might still affect the observed rela-
tionship linking ABSI to respiratory function, including 
unmeasured parameters like nutritional intake patterns and 
exercise frequency metrics. In addition, due to differences 
in baseline data between the included and excluded partici-
pants, it was not possible to exclude the effect of non-ran-
dom missing data on the results. Second, while the primary 
focus is on the relationship between abdominal obesity 
and pulmonary function, it should be acknowledged that 
impaired respiratory capacity could theoretically exacer-
bate adiposity due to limitations in physical activity. How-
ever, Due to the cross-sectional nature of this study data, 
causal inferences cannot be made. Therefore, longitudinal 
studies are necessary to understand the temporal dynam-
ics. Future research may benefit from employing Mende-
lian randomization or mediation analyses to investigate 
bidirectional pathways, particularly within populations 
exhibiting early-stage respiratory dysfunction. Third, 
the CHARLS cohort study was limited by the absence of 
detailed data on medication usage, such as bronchodila-
tors and beta-blockers, which could potentially impact 
respiratory function. Although adjustments were made for 
hypertension and cardiovascular diseases—conditions fre-
quently managed with these medications—there remains 
a possibility of unaccounted drug-specific effects. Further-
more, PEF measurements were not standardized to a spe-
cific time of day (e.g., morning versus afternoon), which 
may have introduced variability due to diurnal fluctuations 
in respiratory function. The lack of additional spirometry 
indicators, such as forced expiratory volume in one second 
(FEV1) and forced vital capacity (FVC), further compounds 
these limitations. Consequently, the findings should be 
interpreted with caution due to potential pharmacological 
confounding, temporal variability, and limited respiratory 
function metrics. Future research should aim to include 
comprehensive pharmacotherapy records and standard-
ize measurement protocols, including both timing and 
spirometry panels, to enhance the robustness of the results. 
Fourth, data from the 2015 CHARLS database were used. 
Future studies should include larger sample sizes, more 
diverse ethnic groups, and extended multicenter cohorts to 
confirm and replicate these findings.

Conclusions
Sex-specific ABSI thresholds enhance the screening pro-
cess for abdominal obesity among Chinese middle-aged 
and older adults, thereby aiding in the early identification 
of respiratory risks. The incorporation of these thresholds 
into clinical practice promotes personalized interventions 
and cost-effective monitoring. Future research should aim 
to validate the causal relationships and generalize these 
thresholds across diverse populations to optimize the 
management of obesity-related respiratory conditions.
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