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Background: Birth interval is acknowledged as a significant factor affecting 
the health of women and their children. This study aimed to investigate the 
relationship between the time interval from the first to the last birth and the 
prevalence of general obesity, abdominal obesity, or both, among middle-aged 
postmenopausal Chinese women.

Methods: This cross-sectional survey examined 4,799 Chinese postmenopausal 
women, aged 45–59 years, who had at least one live birth. General obesity was 
assessed using body mass index (BMI), while abdominal obesity was evaluated 
through waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), and waist 
circumference (WC). Multivariate linear and logistic regression models were 
employed to analyze the associations between the time interval from the first to 
the last birth and obesity.

Results: The values of all four obesity measures increased with a longer time 
interval between the first and last births (P for trend <0.001). After adjusting for 
potential confounding variables, women with an interval of 10 or more years 
between their first and last birth exhibited a prevalence of obesity that was 1.49 
times (95% confidence interval [CI], 1.12–1.99) higher by BMI, 1.29 times (95% 
CI, 1.02–1.61) higher by WC, 1.23 times (95% CI, 1.04–1.69) higher by WHtR, and 
1.50 times (95% CI, 1.01–2.12) higher by WHR when compared to those with a 
0 to 1-year interval.

Conclusion: The time interval between the first and last birth was positively 
associated with an increased risk of obesity, particularly abdominal obesity, in 
middle-aged postmenopausal Chinese women. Therefore, healthcare providers 
should prioritize reproductive health issues among women, actively promote 
appropriate birth intervals, and advocate for evidence-based pregnancy 
planning for women of childbearing age. Moreover, these research findings offer 
valuable scientific insights for policymakers, enabling them to develop more 
targeted obesity prevention and management strategies specifically tailored to 
this demographic group.
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1 Introduction

Obesity emerged as a significant public health challenge globally, 
affecting approximately 604 million adults and constituting about 12% 
of the adult population worldwide (1). Recent epidemiological studies 
indicated that the obesity rate among Chinese adults had reached 12%, 
positioning China as the country with the highest total number of 
obese individuals (2, 3). These statistics highlighted that China, as a 
rapidly developing nation, was experiencing a notable increase in 
obesity rates.

It is widely accepted that a variety of reproductive factors influence 
a woman’s life continuum, from the development of the female 
reproductive system to the aging process (4). Numerous studies have 
demonstrated that obesity could adversely impact reproductive health, 
affecting women’s ovulation, menstrual function, fertility, infertility 
treatment success rates, and obstetric outcomes (5, 6). However, it 
remains uncertain whether the biological changes that occur during 
pregnancy, including hormonal adaptations and postpartum 
behaviors, influence the distribution pattern of adiposity (7). The 
bidirectional relationship between obesity and reproduction—
particularly regarding how reproductive factors affect the outcomes of 
obesity in women—has emerged as a critical area of scientific inquiry.

Pregnancy, a pivotal aspect of the female reproductive cycle, is 
characterized by a myriad of complex physiological and psychological 
changes. Following the relaxation of China’s fertility policy, a 
noticeable increase in births among middle-aged women was 
observed, resulting in varying birth intervals (8, 9). Birth interval, 
defined as the length of time between two successive childbirths for 
the same woman, is crucial for safeguarding the health of both 
mothers and infants (10). Numerous studies have demonstrated that 
shorter birth intervals were associated with an elevated risk of 
maternal health complications, including cardiovascular and 
cerebrovascular diseases, as well as hypertension (11, 12). A cross-
sectional study involving 1,045 Sudanese women concluded that 
longer intervals between births were linked to maternal obesity and 
overweight (13). Furthermore, a meta-analysis reported that weight 
gain during pregnancy correlates with postpartum weight retention 
and, in some instances, obesity (14). The prevalence of obesity related 
to childbearing has been on the rise among middle-aged and older 
women (15). However, much of the existing literature primarily 
focused on the impact of intervals between consecutive live births on 
obesity in women of reproductive age, often neglecting the importance 
of the interval between the first and last birth, which provides a 
broader temporal perspective (16). This oversight is particularly 
significant for middle-aged postmenopausal women, who have 
completed their reproductive years and may be  affected by the 
cumulative effects of reproductive factors over time. Therefore, 
examining the relationship between the interval from the first to the 
last birth and obesity status in this specific population is essential for 
enhancing our understanding of the underlying causes of obesity and 
for developing effective intervention strategies.

Several anthropometric measurements, including body mass 
index (BMI), waist circumference (WC), waist-to-height ratio 

(WHtR), and waist-to-hip ratio (WHR), have been identified as 
commonly used to assess obesity (17). Each of these indicators 
possesses unique strengths and limitations. For instance, while 
BMI was widely recognized, it did not differentiate between fat 
and muscle mass (18). In contrast, WC and WHtR specifically 
evaluated fat accumulation in the abdominal area, whereas WHR 
assessed fat distribution in the hips (19). Recent evidence 
suggested that the relationship between birth intervals and obesity 
varied significantly across different cultures, ethnic groups, and 
developmental stages within countries (14). Despite this 
expanding body of literature, a significant gap in research 
remained, focusing on the association between obesity and the 
time interval between the first and last childbirth among Chinese 
women. This study aimed to examine whether the duration 
between the first and last birth was associated with general obesity, 
abdominal obesity, or both, particularly in middle-aged 
postmenopausal women in China. Through meticulous analysis 
of anthropometric indices, this study aimed to establish a scientific 
foundation for developing effective strategies to prevent 
overweight and obesity, while also promoting reproductive health 
among Chinese women.

2 Methods

2.1 Study design, period, and setting

This study was conducted in Jiangsu Province, located in southern 
China, from January 2022 to March 2023. The research was carried 
out by trained health workers using a community-based cross-
sectional survey design, which recruited a representative sample of 
4,799 participants. These participants included residents from both 
urban and rural communities across various cities within the province. 
Jiangsu Province, situated in eastern China (30°-35°N, 116°-121°E), 
spans approximately 102,600 square kilometers and features a diverse 
topography that encompasses plains, hills, and coastal regions. The 
province is composed of 13 prefecture-level cities, which are further 
subdivided into counties and districts, making Jiangsu one of the most 
economically advanced and densely populated provinces in China. To 
ensure a diverse and representative sample, participants were recruited 
through community health service centers, local community 
organizations, and residential areas.

2.2 Populations

The source population consisted of middle-aged Chinese women, 
aged between 45 and 59 years, who were naturally menopausal and 
had each experienced at least one live birth. Participants were selected 
through a stratified random sampling method. Exclusion criteria 
included women with specific conditions such as malignant tumors, 
mental disorders, a history of hysterectomy or oophorectomy, current 
use of oral contraceptives or hormone replacement therapy, and those 
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lacking complete data on the time interval between their first and last 
birth or obesity measurements.

2.3 Ethical consideration

All participants provided informed written consent, and the study 
was approved by the medical ethics committee of the Affiliated 
Hospital of Jiangnan University. Participant anonymity was strictly 
maintained throughout the research process. This study adhered to 
the guidelines set forth in the Declaration of Helsinki, ensuring that 
only authorized personnel had access to the data. Data access rights 
were rigorously controlled. Furthermore, research data were securely 
stored in an encrypted database with a retention period of ten years 
post-study completion, as required by relevant regulations and the 
ethics committee. These measures ensured the confidentiality and 
integrity of the data.

2.4 Data collection instruments

Data collection was conducted by well-trained health workers. To 
enhance their investigative skills and data collection capabilities, 
unified training sessions and regular group discussions were 
implemented. Each participant was thoroughly informed about the 
study and required to complete a structured questionnaire that 
gathered information on sociodemographic characteristics, health-
related variables, female reproductive factors, and physical 
measurements. Participants were instructed to complete the written 
questionnaires independently. For those facing challenges, such as 
difficulties in reading or writing, researchers provided assistance by 
asking questions orally to ensure comprehension and appropriate 
responses. All questionnaires were collected on-site, where researchers 
conducted a preliminary review. If any items were found to 
be incomplete, participants were prompted to supplement the missing 
information. Questionnaires with inconsistent answers or apparent 
systematic errors were deemed invalid. The estimated completion time 
for the questionnaire was approximately 20 min. Participants retained 
the right to withdraw from the study at any stage without facing 
penalties or adverse consequences. Upon completion of the written 
questionnaire, participants received a gift valued at 30 RMB as a token 
of appreciation.

2.5 Anthropometric measurements

Anthropometric measurements (height, weight, waist 
circumference [WC], hip circumference [HC]) were carried out 
using standard apparatus while participants were wearing light 
clothes without hats and shoes. Standing height was measured to 
the nearest 0.1 cm using a stadiometer, and weight was measured 
using an electronic body scale. WC and HC were both measured 
using a soft, non-stretchable tape. Specifically, WC was determined 
midway between the iliac crest and the lowest rib, and HC was 
measured as the largest circumference around the buttocks. The 
anthropometric indices were calculated as following: BMI = weight 
(kg)/ height2 (m2), WHtR = WC (cm)/ height (cm), WHR = WC 
(cm)/ HC (cm). Consistent with previous studies, general obesity 

was defined as BMI ≥24.0 kg/m2 (including 24.0–27.9 kg/m2 for 
overweight and ≥ 28.0 kg/m2 for obese) and abdominal obesity 
was considered as WC ≥80.0 cm, both recommended by Chinese 
guidelines (20). Meanwhile, other cut-off points for abdominal 
obesity, such as WHR ≥ 0.85, were proposed by the WHO, and 
WHtR ≥0.5 was recommended by previous studies (21).

2.6 Study variables

This general study questionnaire was composed of questions on 
sociodemographic variables, health-related variables, female 
reproductive factors, and physical measurements, as illustrated in 
Table 1. Sociodemographic variables consisted of age, marital status, 
medical insurance, monthly household income, and education level. 
Health-related factors comprised smoking status, drinking status, 
sitting time, exercise, chronic diseases (including hypertension, 
diabetes mellitus, and dyslipidemia), and food habits (including 
vegetable/fruit intake, salty food preference, dairy product 
consumption, and taste preference). Female reproductive factors 
included the number of pregnancies, abortions, parity, mode of 
delivery, ever breastfeeding, and the age at first birth and last birth, 
which were self-reported by the respondents. Physical measurements 
included height, weight, WC, and HC. Specifically, exercise was 
measured with the question “How many times a week do you exercise 
on average?.” Sitting time was assessed based on the response to the 
question “How many hours do you sit still on an average day?” (22). 
The time interval between the first and last birth was calculated by 
subtracting the age at first birth from the age at last birth of the 
postmenopausal women (23). Natural menopause is characterized by 
the absence of menstrual bleeding for a minimum of 12 consecutive 
months, with no prior history of hysterectomy or oophorectomy (5).

2.7 Statistical analysis

Data analysis was conducted using SPSS version 21.0 (Chicago, IL, 
USA). Univariate, bivariate and multivariate analyses were performed in 
this study. The numerical data were summarized as means ± standard 
deviation (SD), while categorical variables were presented as frequencies 
and percentages. The differences among birth interval groups were tested 
using chi-square tests and analysis of variance (ANOVA), as appropriate. 
Additionally, we examined the impact and risk of increased birth interval 
on obesity using four hierarchical models in both logistic and linear 
regression. Specifically, Model 1 assessed the association between obesity 
and birth interval without adjusting for confounders. Model 2 adjusted 
for age, Model 3 further adjusted for parity, and Model 4 adjusted for the 
covariates in Model 3 plus marital status, medical insurance, monthly 
household income, education level, smoking status (current/former 
smoker, passive smoker), current/former alcohol drinker, sitting time, 
exercise, hypertension, diabetes mellitus, dyslipidemia, vegetable/fruit 
intake, salty food preference, dairy product consumption, taste 
preference, number of pregnancies, number of abortions, mode of 
delivery, and ever breastfeeding. To detect possible multi-collinearity in 
the model, the variance inflation factor (VIF) was calculated in general 
linear regression, while in logistic regression, results were presented as 
odds ratios (ORs) and 95% confidence intervals (95% CIs). A 2-tailed 
statistical significance level of P < 0.05 was applied for the analyses.
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TABLE 1 The descriptive characteristics of 4,799 middle-aged Chinese post-menopausal women by the time interval between first and last birth.

Variable Time interval between first and last birth (years) χ2/F P for trend

0-1 (n = 1,543) 2-4 (n = 1,553) 5-9 (n = 1,401) ≥10 (n = 302)

Sociodemographic factors, % or mean (SD)

Age (years) 50.78 ± 4.28 52.49 ± 4.06 52.28 ± 4.24 50.86 ± 4.53 55.037** <0.001

Marital status 8.391* 0.039

  Married 1,460 (31.75) 1,498 (32.57) 1,350 (29.35) 291 (6.33)

  Divorced/widowed 83 (41.50) 55 (27.50) 51 (25.50) 11 (5.50)

Medical insurance 60.656** <0.001

  Yes 1,373 (32.93) 1,359 (32.59) 1,218 (29.21) 220 (5.28)

  No 170 (27.03) 194 (30.84) 183 (29.09) 82 (13.04)

Monthly household 

income

21.225* 0.002

  <3,000 RMB 630 (29.02) 741 (34.13) 665 (30.63) 135 (6.22)

  3,000–5,000 RMB 374 (35.12) 325 (30.52) 307 (28.83) 59 (5.54)

  >5,000 RMB 539 (34.48) 487 (31.16) 429 (27.45) 108 (6.91)

Education level 213.944** <0.001

  Primary school or 

lower

464 (24.34) 685 (35.94) 619 (32.48) 138 (7.24)

  Middle school 693 (31.76) 717 (32.86) 641 (29.38) 131 (6.00)

  High school or 

above

386 (54.29) 151 (21.24) 141 (19.83) 33 (4.64)

Health-related factors, %

Current/Former 

smoker

21.953** <0.001

  Yes 9 (20.93) 14 (32.56) 10 (23.26) 10 (23.26)

  No 1,534 (32.25) 1,539 (32.36) 1,391 (29.25) 292 (6.14)

Passive smoking 13.309* 0.004

  Yes 551 (29.15) 644 (34.07) 576 (30.48) 119 (6.30)

  No 992 (34.10) 909 (31.25) 825 (28.36) 183 (6.29)

Current/Former 

alcohol drinker

26.929** <0.001

  Yes 34 (25.56) 34 (25.56) 43 (32.33) 22 (16.54)

  No 1,509 (32.34) 1,519 (32.55) 1,358 (29.10) 280 (6.00)

Sitting time 10.936* 0.012

  <6 h 942 (30.77) 1,033 (33.75) 901 (29.43) 185 (6.04)

  ≥6 h 601 (34.58) 520 (29.92) 500 (28.77) 117 (6.73)

Exercise 37.212** <0.001

  ≥3 time/week 817 (33.35) 787 (32.12) 724 (29.55) 122 (4.98)

  1–2 time/week 244 (38.13) 183 (28.59) 170 (26.56) 43 (6.72)

  No exercise 482 (28.20) 583 (34.11) 507 (29.67) 137 (8.02)

Hypertension 16.702* 0.001

  Yes 159 (26.68) 212 (35.57) 171 (28.69) 54 (9.06)

  No 1,384 (32.93) 1,341 (31.91) 1,230 (29.26) 248 (5.90)

Diabetes Mellitus 14.767* 0.002

  Yes 34 (22.52) 54 (35.76) 44 (29.14) 19 (12.58)

  No 1,509 (32.47) 1,499 (32.25) 1,357 (29.19) 283 (6.09)

(Continued)
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3 Results

3.1 Sociodemographic characteristics

The women’s average age was 51.78 ± 4.29 (SD) years. Women 
with longer time intervals between their first and last births were more 
likely to be less educated, have higher monthly household incomes, 
be current or former smokers and alcohol drinkers, and exercise less 
frequently. In addition, women with longer intervals between their 
first and last births tended to consume vegetables or fruits and dairy 
products less often. It was also found that the number of pregnancies, 
parity, and the prevalence of dyslipidemia showed an increasing trend 

with longer time intervals between first and last births. More detailed 
sample characteristics are exhibited in Table 1.

3.2 Trends in obesity measurements across 
birth intervals

Table 2 provides the mean values of the four obesity measurements 
after adjusting for age according to the time interval between first and 
last birth. With regard to the mean values of WC, BMI, WHtR, and 
WHR, an increasing trend with longer time intervals between first and 
last births was observed (P for trend <0.001). These four obesity 

TABLE 1 (Continued)

Variable Time interval between first and last birth (years) χ2/F P for trend

0-1 (n = 1,543) 2-4 (n = 1,553) 5-9 (n = 1,401) ≥10 (n = 302)

Dyslipidemia 15.506* 0.001

  Yes 39 (25.66) 40 (26.32) 54 (35.53) 19 (12.50)

  No 1,504 (32.36) 1,513 (32.56) 1,347 (28.99) 283 (6.09)

Vegetable/Fruit 15.931* 0.014

  Never 76 (26.95) 106 (37.59) 73 (25.89) 27 (9.57)

  Sometimes 410 (31.98) 434 (33.85) 357 (27.85) 81 (6.32)

  Often 1,057 (32.67) 1,013 (31.31) 971 (30.02) 194 (6.00)

Salty food 45.066** <0.001

  Never 503 (33.29) 487 (32.23) 429 (28.39) 92 (6.09)

  Sometimes 1,008 (32.10) 1,021 (32.52) 929 (29.59) 182 (5.80)

  Often 32 (21.62) 45 (30.41) 43 (29.05) 28 (18.92)

Dairy product 41.732** <0.001

  Never 747 (28.99) 897 (34.81) 744 (28.87) 189 (7.33)

  Sometimes 466 (34.62) 399 (29.64) 416 (30.91) 65 (4.83)

  Often 330 (37.67) 257 (29.34) 241 (27.51) 48 (5.48)

Taste preference 22.899* 0.006

  Medium 866 (31.11) 949 (34.09) 814 (29.24) 155 (5.57)

  Salty 132 (30.70) 138 (32.09) 122 (28.37) 38 (8.84)

  Bland 528 (34.51) 447 (29.22) 453 (29.61) 102 (6.67)

  Oily 17 (30.91) 19 (34.55) 12 (21.82) 7 (12.73)

Reproductive factors, % or mean (SD)

Number of 

pregnancies

1.50 ± 0.77 2.25 ± 0.72 2.59 ± 0.91 2.72 ± 0.93 533.060** <0.001

Number of abortion 0.23 ± 0.66 0.15 ± 0.56 0.18 ± 0.58 0.21 ± 0.58 4.739* 0.003

Parity 1.27 ± 0.46 2.10 ± 0.50 2.42 ± 0.75 2.50 ± 0.80 1085.688** <0.001

Mode of delivery 58.379** <0.001

  Cesarean section 213 (39.96) 106 (19.89) 158 (29.64) 56 (10.51)

  Vaginal delivery 1,330 (31.18) 1,447 (33.92) 1,243 (29.14) 246 (5.77)

Ever breastfeeding 1,479 (31.83) 1,522 (32.76) 1,354 (29.14) 291 (6.26) 12.382* 0.006

Age at first birth 26.65 ± 3.75 24.66 ± 2.69 24.33 ± 2.61 23.04 ± 2.76 218.503** <0.001

Age at last birth 26.97 ± 3.70 27.67 ± 2.80 30.40 ± 2.77 35.22 ± 3.31 783.654** <0.001

The numerical data are shown as mean ± standard deviation (SD) and evaluated using the F test; Categorical data are expressed as percentages in parentheses following the numbers and 
assessed with the chi-square (χ2) test. *P < 0.05, **P < 0.001.
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measurements, irrespective of whether they were adjusted for 
confounders, all indicated that the prevalence of obesity was positively 
associated with the time interval between first and last births 
(Figure 1). Notably, WHR was associated with the highest prevalence 
of obesity both before and after adjustments, while the prevalence rate 
predicted by BMI was generally lower.

3.3 Linear regression analysis of obesity 
measurements

Linear regression analysis from the four models is shown in 
Table 3, in which the time interval between the first and last birth 

was assigned as a continuous variable. Generally, the VIF (Variance 
Inflation Factor) is used to judge whether there is multi-collinearity 
in the modeling process, and values of 10 or more are considered 
indicative of serious multi-collinearity. Regarding the results from 
this study, the VIF values of all variables did not exceed 2, indicating 
that multi-collinearity was unlikely in the model. Regression 
coefficients for the time interval between the first and last birth, 
considered as explanatory variables, were introduced into the four 
models successively. The results suggested that the four obesity 
measurements were, to some extent, significantly affected by the 
time interval between the first and last birth after adjusting for 
confounders (P < 0.05). Furthermore, the fully adjusted 
β-coefficients for the time interval between the first and last birth 

TABLE 2 Age-adjusted means (95% confidence intervals) of four measurements of obesity according to the time interval between first and last birth.

Measurement Time interval between first and last birth (years) P for trend

0–1 2–4 5–9 ≥ 10

BMI (kg/m2) 23.04 (22.88–23.20) 23.70 (23.53–23.87) 24.02 (23.82–24.23) 24.78 (24.27–25.29) <0.001

WC (cm) 79.64 (79.22–80.07) 81.21 (80.78–81.64) 81.61 (81.13–82.10) 82.75 (81.70–83.80) <0.001

WHtR 0.510 (0.507–0.512) 0.521 (0.518–0.523) 0.523 (0.520–0.527) 0.529 (0.522–0.536) <0.001

WHR 0.869 (0.866–0.872) 0.878 (0.875–0.881) 0.881 (0.877–0.884) 0.891 (0.883–0.900) <0.001

BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; WHR, waist-to-hip ratio.

TABLE 3 β-coefficients (95% confidence intervals) for the time interval between first and last birth and different measurements of obesity.

Model 1 Model 2 Model 3 Model 4

BMI 0.52 (0.41–0.63) 0.51 (0.40–0.62) 0.46 (0.33–0.60) 0.41 (0.27–0.54)

WC 0.99 (0.72–1.25) 0.89 (0.62–1.15) 0.60 (0.26–0.93) 0.48 (0.15–0.81)

WHtRa 0.66 (0.48–0.83) 0.57 (0.40–0.75) 0.39 (0.17–0.61) 0.29 (0.08–0.51)

WHRa 0.64 (0.45–0.84) 0.57 (0.37–0.76) 0.43 (0.19–0.68) 0.42 (0.17–0.66)

VIF for Time interval between first and last birth 1.00 1.58 1.67 1.82

BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; WHR, waist-to-hip ratio; VIF, variance inflation factor. aβ-coefficient amplified by 100. Model 1: unadjusted; 
Model 2: adjusted for age; Model 3: adjusted for covariate in Model 2 plus parity; Model 4: adjusted for covariates in Model 3 plus marital status, medical insurance, monthly household 
income, education level, smoking status (current/former smoker, passive smoker), current/former alcohol drinker, sitting time, exercise, hypertension, diabetes mellitus, dyslipidemia, 
vegetable/fruit, salty food, dairy product, taste preference, number of pregnancies, number of abortion, mode of delivery and ever breastfeeding.

FIGURE 1

The prevalence of obesity stratified by the time interval between first and last birth with different anthropometric measures. BMI, body mass index; WC, 
waist circumference; WHtR, waist-to-height ratio; WHR, waist-to-hip ratio. aAdjusted for age, parity, marital status, medical insurance, monthly 
household income, education level, smoking status (current/former smoker, passive smoker), current/former alcohol drinker, sitting time, exercise, 
hypertension, diabetes mellitus, dyslipidemia, vegetable/fruit, salty food, dairy product, taste preference, number of pregnancies, number of abortion, 
mode of delivery and ever breastfeeding.
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for WC, BMI, WHtR, and WHR were 0.41, 0.48, 0.0029, and 0.0042, 
respectively.

3.4 Logistic regression analysis of obesity 
risk

Table  4 presents a summary of the results from the logistic 
regression analysis, in which the odds ratios and 95% confidence 
intervals for the time interval between the first and last birth with 
different measurements of obesity are available. Specifically, in the 
crude model, the time interval between the first and last birth was 
significantly associated with a higher prevalence of the four obesity 
measurements. In Model 2, we additionally adjusted for age and found 
that the OR values for the four obesity measurements decreased. In 
Model 3, we further adjusted for parity, and in this model, the OR 
values for the three abdominal obesity measurements decreased (WC, 
WHtR, and WHR), while the general obesity measurement (BMI) 
increased among the three birth interval groups. In Model 4, all 
variables were fully adjusted. Compared with a 0 to 1-year time 
interval between the first and last birth, an increasing risk of obesity 
was observed in women with at least a 10-year difference between 
their first and last childbirth, and the association between the time 
interval between the first and last birth and obesity was generally 

attenuated but remained statistically significant. For women who had 
an interval of 10 or more years between their first and last birth, the 
prevalence of obesity was 1.49 times higher by BMI, 1.29 times higher 
by WC, 1.23 times higher by WHtR, and 1.50 times higher by WHR 
when compared with those who had a 0 to 1-year interval. Our 
analysis, spanning from Model 1 to Model 4, revealed that a longer 
interval between a woman’s first and last birth is associated with a 
significant increase in the gradient of WC. In contrast, the gradients 
of BMI, WHtR, and WHR demonstrated a more stable trend over 
time, although these trends remained statistically significant.

4 Discussion

This study conducted a comprehensive analysis of various 
anthropometric indicators, including BMI, WC, WHR, and 
WHtR. The primary objective was to investigate the relationship 
between the interval between the first and last births and the 
prevalence of obesity among Chinese middle-aged postmenopausal 
women. Our findings indicated that a longer interval between the first 
and last births was positively associated with an increased risk of 
obesity, particularly abdominal obesity.

Several studies have reported a positive correlation between birth 
intervals and weight gain (13–15). However, a few researches have 

TABLE 4 Odds ratios (95% confidence intervals) for the time interval between first and last birth with different measurements of obesity.

Measurement Time interval 
between first and 
last birth (years)

Model 1 Model 2 Model 3 Model 4

BMI ≥ 24.0 kg/m2 0–1 1.00 1.00 1.00 1.00

2–4 1.23 (1.06–1.42) * 1.19 (1.05–1.38) * 1.20 (1.04–1.42) * 1.15 (1.01–1.36) *

5–9 1.39 (1.20–1.61) ** 1.36 (1.17–1.58) ** 1.37 (1.14–1.65) * 1.34 (1.11–1.62) *

≥ 10 1.78 (1.39–2.28) ** 1.78 (1.39–2.28) ** 1.79 (1.36–2.36) ** 1.49 (1.12–1.99) *

P for trend <0.001 0.001 0.001 0.007

WC ≥ 80 cm 0–1 1.00 1.00 1.00 1.00

2–4 1.36 (1.18–1.57) ** 1.26 (1.09–1.46) * 1.14 (0.96–1.34) 1.11 (0.94–1.31)

5–9 1.44 (1.24–1.66) ** 1.35 (1.16–1.56) ** 1.16 (0.97–1.40) 1.13 (0.94–1.37)

≥ 10 1.62 (1.29–2.09) ** 1.62 (1.29–2.09) ** 1.37 (1.07–1.82) * 1.29 (1.02–1.61) *

P for trend <0.001 <0.001 <0.001 0.001

WHtR ≥0.5 0–1 1.00 1.00 1.00 1.00

2–4 1.45 (1.25–1.69) ** 1.32 (1.13–1.54) ** 1.21 (1.02–1.45) * 1.17 (0.97–1.40)

5–9 1.50 (1.28–1.75) ** 1.37 (1.18–1.62) ** 1.23 (1.01–1.50) * 1.19 (0.97–1.46)

≥ 10 1.66 (1.26–2.19) ** 1.67 (1.26–2.20) ** 1.47 (1.18–2.00) * 1.23 (1.04–1.69) *

P for trend <0.001 <0.001 <0.001 0.002

WHR ≥ 0.85 0–1 1.00 1.00 1.00 1.00

2–4 1.28 (1.09–1.50) * 1.19 (1.01–1.36) * 1.10 (0.92–1.33) 1.09 (0.90–1.32)

5–9 1.32 (1.12–1.56) * 1.21 (1.02–1.43) * 1.13 (0.92–1.40) 1.14 (0.92–1.41)

≥ 10 1.67 (1.23–2.25) * 1.66 (1.23–2.25) * 1.54 (1.11–2.15) * 1.50 (1.01–2.12) *

P for trend <0.001 <0.001 <0.001 <0.001

BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; WHR, waist-to-hip ratio. *P < 0.05, **P < 0.001. Model 1: unadjusted; Model 2: adjusted for age; Model 3: 
adjusted for covariate in Model 2 plus parity; Model 4: adjusted for covariates in Model 3 plus marital status, medical insurance, monthly household income, education level, smoking status 
(current/former smoker, passive smoker), current/former alcohol drinker, sitting time, exercise, hypertension, diabetes mellitus, dyslipidemia, vegetable/fruit, salty food, dairy product, taste 
preference, number of pregnancies, number of abortion, mode of delivery and ever breastfeeding.
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produced conclusions that are inconsistent with the findings of this 
study. A retrospective cohort study conducted in Canada among a 
population of 38,178 women who had three or more deliveries found 
that a short interpregnancy interval was associated with an increased 
risk of gestational diabetes and the subsequent development of 
gestational obesity (24). Dewey et al. (25) also reported that shorter 
birth intervals (<12 months) may not provide adequate time for 
women to lose weight gained during the previous pregnancy. This 
discrepancy may arise from the fact that they focused on the interval 
between two consecutive live births, whereas our study examines the 
duration between the first and last birth, which encompasses a longer 
time span. Additionally, a longitudinal observational study involving 
9,724 women indicated that the incidence of obesity increased with 
longer intervals between births (26). Concurrently, Mansour et al. (27) 
highlighted that among middle-aged Iraqis, a higher number of births 
was significantly associated with BMI and all three measures of 
abdominal obesity. This observation was consistent with the findings 
from those two studies that suggested a correlation between birth 
intervals and both general and abdominal adiposity within the Chinese 
population. Additionally, a systematic review and meta-analysis 
protocol suggested that both long and short birth intervals were linked 
to increased risks of adverse maternal, perinatal, obesity, and child 
health outcomes (28). Our study expanded on this understanding by 
demonstrating that the association between birth intervals and 
adiposity remained significant even after potential confounders such 
as age and parity had been controlled for. Furthermore, our results 
indicated that women with lower educational attainment and higher 
income levels tended to experience longer intervals between their first 
and last births, which was consistent with previous findings (29–31). 
This phenomenon could be attributed to the fact that lower educational 
levels often correlated with reduced health awareness and less informed 
reproductive choices, resulting in suboptimal birth spacing. Conversely, 
it was likely that women with higher incomes aimed to create better 
economic conditions for their children and may have been more 
inclined to delay childbirth, thereby increasing the spacing 
between births.

This study utilized various anthropometric indicators, including 
BMI, WC, WHR and WHtR to evaluate obesity in middle-aged 
postmenopausal women. Our findings indicated that WHR exhibited 
the strongest association with the interval between the first and last 
birth, emphasizing the pivotal role of abdominal adiposity in this 
specific population group. A population-based study among 7,771 
women aged 25–64 years reported a generally positive correlation 
between parity and both BMI and WC, noting that visceral obesity was 
more prevalent among multiparous women compared to other groups 
(32). Conversely, a cross-sectional survey of 12,829 middle-aged and 
elderly Chinese women illuminated that, beyond a certain threshold of 
childbirths, BMI demonstrated a negative correlation with obesity risk, 
whereas markers of abdominal obesity like WHtR and WHR retained 
a persistent positive association over time (7). These two studies 
concurred with most of our results, suggesting that as the number of 
parities increases, so does the interval between the first and last birth, 
potentially leading to the accumulation of visceral adipose tissue 
without a corresponding increase in overall body fat. Pregnancy-
induced insulin resistance has been shown to result in the deposition 
of triglycerides in visceral adipose tissue, which contributes to an 
increase in waist circumference (33, 34). Abdominal obesity, as 
compared to general obesity, exhibited a stronger correlation with 

insulin resistance. Notably, abdominal obesity is associated with a 
heightened risk of several metabolic diseases, including cardiovascular 
disease, diabetes, and metabolic syndrome (35). Consequently, for 
middle-aged postmenopausal women, indicators that reflect abdominal 
fat accumulation, such as WHR and WC, may offer enhanced 
diagnostic utility for chronic disease risk assessment.

Convincing evidence has indicated that the length of birth intervals 
is influenced by a multitude of factors, ranging from macro-level 
determinants such as policy and socioeconomic conditions to 
individual-level attributes including age, occupation, education, 
mobility, history of abortion, and contraceptive use (36, 37). It has been 
proven that the relationship between birth interval and female obesity 
is influenced by a plethora of factors (38). From a biological perspective, 
the risk of obesity could be  influenced by birth interval, given its 
impact on female hormone levels and metabolic processes (39). It has 
been further indicated that the processes of labor and delivery may 
alter estrogen and progesterone levels, thereby reshaping a woman’s 
hormonal environment (40). These hormones, which play a crucial role 
in regulating fat distribution, energy metabolism, and appetite control, 
were found to be significantly affected by these physiological events 
(41). Concurrently, research has indicated that as women age, there is 
a gradual decline in ovarian function, resulting in decreased estrogen 
levels (42). This decline was associated with a reduced metabolic rate 
and a slowdown in fat burning, ultimately increasing the risk of obesity. 
Given that this physiological change may vary across different birth 
intervals, the specific underlying mechanism remains unclear. Apart 
from biological mechanisms, social and behavioral factors are also 
significantly implicated in shaping the relationship between birth 
interval and obesity. For instance, as women age, they tend to adopt a 
lifestyle characterized by higher calorie intake and lower physical 
activity, thereby passively increasing their risk of obesity (43). 
Furthermore, women who experience longer intervals between their 
first and last births may be subjected to heightened psychological stress, 
which can contribute to disordered lifestyle habits and, in turn, elevate 
their risk of obesity (44).

The rapid transformation of China’s population and economy is 
expected to intensify the burden of obesity-related diseases, particularly 
among middle-aged women, where this issue is anticipated to become 
increasingly pronounced. Our findings highlight the importance of 
addressing the cumulative effects of reproductive factors, such as birth 
intervals, on obesity risk. Therefore, it is crucial to develop targeted 
interventions aimed at preventing obesity and enhancing women’s 
reproductive health. This study provided a solid foundation for medical 
institutions and community health service centers to formulate specific 
intervention strategies. Specifically, it advocates leveraging online 
multimedia platforms to deliver health education tailored to middle-
aged women, emphasizing the significance of appropriate birth 
intervals and their long-term health implications. Additionally, 
personalized pre-pregnancy counseling and fertility planning should 
be provided, taking into account the unique circumstances of women 
of childbearing age. Nutritional guidance, lifestyle advice, and 
postpartum health management should also be  included, with 
particular emphasis on the physiological characteristics of middle-aged 
women, focusing on long-term support for weight management and 
chronic disease prevention among middle-aged postmenopausal 
women. Moreover, this study serves as a scientific reference for health 
policymakers. It is recommended that public awareness of health issues 
affecting middle-aged women be increased through media outreach 
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and public health initiatives, while fostering a supportive social 
environment. Strengthening collaboration among medical institutions, 
community organizations, and government bodies is essential to 
establish a comprehensive health monitoring system, regularly evaluate 
intervention effectiveness, adjust strategies as necessary, and collectively 
advance the successful implementation of health intervention 
programs for middle-aged women.

Our study has several advantages over previous research on birth 
intervals and obesity. Firstly, to our knowledge, this is the first study to 
offer an in-depth analysis of the interval between the first and last 
births in relation to obesity among a large cohort of middle-aged 
postmenopausal Chinese women. Secondly, our study incorporates one 
general obesity measurement and three abdominal obesity 
measurements, each of which may possess distinct strengths in 
predicting risks for various comorbidities. Furthermore, all 
anthropometric measurements were conducted by trained 
professionals following standardized procedures, which greatly reduces 
the potential for measurement bias. Ultimately, this study benefited 
from a large sample size and extensive data on demographics, lifestyle 
factors, and reproduction-related variables, which not only enhanced 
the precision of our findings but also permitted robust statistical 
adjustments across multiple variables.

4.1 Limitations

This study provides valuable insights into the relationship between 
the first and last birth intervals and obesity among middle-aged 
postmenopausal Chinese women. However, several limitations should 
be acknowledged. First, the data were derived from participants’ self-
reports, which may introduce reporting bias. Secondly, this study 
included women with at least one live birth but did not exclude those 
with only one child, which may potentially affect the accuracy of the 
interval estimates presented in the results. Due to its cross-sectional 
design, the study cannot establish a causal relationship between these 
birth intervals and obesity. Furthermore, the study population was 
confined to a specific region in China, which may limit the 
generalizability of the findings to other populations with different 
cultural and socioeconomic contexts. Future research should utilize 
longitudinal designs to ascertain the causal relationship between the 
first-to-last birth interval and obesity, as well as to investigate potential 
biological and sociological mechanisms.

5 Conclusion

In conclusion, our study found a significant positive 
correlation between a longer interval between the first and last 
births and an increased risk of obesity among middle-aged 
postmenopausal Chinese women, with a stronger association 
observed for abdominal obesity compared to general obesity. The 
findings of this study might highlight the necessity for health 
professionals to pay greater attention to the reproductive health 
and postpartum recovery of middle-aged women. Additionally, 
these insights may assist health policymakers in formulating 
targeted strategies for the prevention and control of obesity among 
middle-aged postmenopausal women.
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