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Purpose: Studies of progesterone with obesity have been lacking, and no prior studies have 
investigated progesterone and C-reactive protein in rural natural populations. This study 
aimed to investigate the association of serum progesterone with obesity based on anthropo-
metric parameters in Henan Rural Cohort, then further to explore the potential role of 
C-reactive protein in this association.
Patients and Methods: A total of 4687 participants (2474 men and 2213 postmenopausal 
women) from the Henan Rural Cohort study were included. Logistic regression analysis, 
linear regression analysis, and restricted cubic splines were performed to estimate the 
relationships between progesterone, C-reactive protein, obesity, and obesity-related para-
meters. Mediation analysis was carried out to assess the intermediary role of C-reactive 
protein played in the association between progesterone and obesity.
Results: After controlling for confounders, the odds ratios of obesity no matter how obesity 
was defined was associated with progesterone (P trend <0.05). Moreover, progesterone was 
related to obesity-related parameters. Also, C-reactive protein increased with the elevation of 
progesterone, and C-reactive protein was associated with obesity no matter how obesity was 
defined (P trend <0.001). Mediation analysis indicated that hsCRP had the mediating effects 
on the obesity, and the proportion of the effects were 15.35% and full mediating effect 
(defined by body mass index), 15.46% and 12.24% (defined by waist circumference), 
19.14% and 12.12% (defined by waist-to-hip ratio), 23.81% and 15.09% (defined by waist- 
to-height ratio) for men and postmenopausal women, relatively.
Conclusion: In the Chinese rural men and postmenopausal women population, progesterone 
and C-reactive protein are related to obesity. We firstly found C-reactive protein partly 
mediates the effect of progesterone on obesity, indicating that systemic inflammation played 
a critical role in the association.
Keywords: sex hormone, obesity, C-reactive protein, mediation effect

Introduction
Obesity is a disorder of energy metabolism, which is associated with rising mor-
tality and morbidity of numerous chronic non-communicable diseases, has become 
a serious public health problem.1–3 Since 1975, obesity has increased at an alarming 
rate and nearly tripled globally.4 In China, especially in rural, the resource-limited 
settings, the same prevalence trend of obesity also exists.5 It is reported that 
overweight and obesity are reaching nearly 89% of men and 85% of women 
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respectively by 2030.6 There are several anthropometric 
indices to define obesity, such as body mass index (BMI), 
waist circumference (WC), waist-to-hip ratio (WHR), and 
waist-to-height ratio (WHtR).7–10 Beyond this, the rates of 
obesity varied by obese indicators, and different obesity 
indicators have different meanings.11–13 So, it is worth 
using different kinds of obese indicators when studying 
obesity.

Some epidemiologic studies, as well as several experi-
mental evidence, suggest that endocrine hormones may be 
correlate with obesity development. Both vitro and vivo 
studies have shown that as a major sex hormone, proges-
terone actively participates in various aspects of metabo-
lism within adipose tissue, such as metabolism, 
distribution, and accumulation of adipose tissue.14,15 

Some studies have found that progesterone could bind to 
the progesterone receptor in adipose tissue, causing lipid 
storage and adipose tissue accumulation by directly regu-
lating lipoprotein lipase.14–16 However, the results from 
epidemiologic studies have been discrepant. For example, 
Esfahlan and Clark found that serum progesterone and the 
use of depot-medroxyprogesterone acetate were positively 
related to obesity,17,18 while Blanchette and Goh reported 
that progesterone was negatively linked to obesity in men 
and pregnant women.19,20 Moreover, the research on the 
relationship between natural progesterone and obesity in 
the Chinese rural population is limited, therefore, further 
studies are warranted.

Chronic low-grade inflammation, involved in many 
pathological processes of obesity and insulin resistance, 
will increase the risk of these diseases. C-reactive protein 
(CRP), an essential key in the innate immune response, is 
the sensitive and most accessible biomarker to identify 
individuals with systemic inflammation.21 Recently, two 
prospective cohort studies have found that luteal proges-
terone in premenopausal women or using progestin com-
bined with estrogen in postmenopausal women was related 
to a high level of CRP.22,23 However, it is unclear whether 
the natural progesterone is correlated with the increased 
CRP in the total population including not only women but 
also men. Also, published studies reported that CRP was 
positively associated with increased risk of obesity, and 
cardiovascular events, such as myocardial infarction and 
stroke.24 Studies have observed that compared with the 
normal population, in those people with obesity and 
related diseases, the concentration of inflammatory mar-
kers such as CRP is higher.25,26 Yet few studies have 
explored the role of CRP played in the relationship 

between progesterone and obesity. The role serum CRP 
is not yet as clear.

Taken together, the current direct evidence on the 
association between progesterone and obesity is still lim-
ited, and the mechanisms underlying this relationship 
remain largely unclear and are likely complex. Therefore, 
we undertook a cross-sectional study to explore the dose- 
response association between progesterone and obesity 
among 4687 adult rural residents in China. Besides, we 
further explored the possible mediating effect of systemic 
inflammation on the relationship.

Patients and Methods
Study Design and Study Population
The study subjects are from the Henan Rural Cohort, an 
ongoing, population-based cohort study, which is designed 
and conducted to analyze the potential risk factors of 
chronic non-communicable diseases among rural China. 
Detail information has been described elsewhere.27 We 
recruited 6670 adult residents who participated in the 
Henan cohort survey in Suiping county in 2016. After 
excluding missing data on serum progesterone (n=410), 
premenopausal women (as progestogen levels vary hugely 
with the menstrual cycle) (n=1336) and missing informa-
tion on menopause data (n=19), taking oral contraceptive 
steroids or hormone replacement therapy (n=28), smoking 
women (n=8), participants with serum hsCRP >10 mg/L 
(n=148 (as such high levels are likely to be abnormal)),28 

and with missing data on BMI, WC, and vegetable and 
fruit intake (n=41), we finally enrolled 4687 participants 
(2474 men and 2213 postmenopausal women). The 
Zhengzhou University Life Science Ethics Committee 
approved this research protocol. (Ethics approval code: 
[2015] MEC (S128)).

Data Collection
All participants read an information sheet and completed and 
signed a consent form prior to accessing the questionnaire. 
The questionnaire included information on socio- 
demographic characteristics, behavioral and lifestyle factors, 
diet, medical history, and personal as well as family history 
of the diseases. The sociodemographic characteristics 
included age, sex, education level (below than primary 
school, primary school, and junior secondary or above), 
marital status (married/cohabitation and widowed/single/ 
divorced/separation), and per capita monthly income (<500 
RMB, 500–999 RMB, ≥1000 RMB). Behavioral and 
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lifestyle factors included smoking habit (current, never, or 
former), drinking habit (current, never or former), and phy-
sical activity (low, mediate, high). Dietary habits included 
adequate vegetable and fruit intake (high (≥500 g/day) and 
low (<500g/day) as well as high-fat diet (yes (≥75g/day) and 
no (<75g/day)).29 Women were asked to give information 
about their menopausal status.

The details about anthropometric measurements have 
been reported in elsewhere.27 In brief, anthropometric 
measurements, including height, weight, and WC were 
obtained, according to a standard protocol.30 

Anthropometry (height, weight, WC, and hip circumfer-
ence) was measured by keeping participants without shoes 
and only in light clothing. WC and hip circumference were 
measured 1cm above the navel and around the maximum 
circumference of the buttocks. The measurement for each 
indicator was repeated twice, and the average value was 
taken for statistical analysis.

Laboratory Measurements
Blood samples were drawn after more than 8 h of over-
night fasting. Next, part of the blood samples was centri-
fuged for 10 minutes at relative centrifugal force 2000g 
and room temperature, and then serum samples were for-
warded clinical laboratory center to measure. The levels of 
serum hsCRP were detected by immunoturbidimetry 
(Cobas c501, Roche, Switzerland). Following quartiles of 
hsCRP levels, hsCRP concentrations were divided into 
four groups with the lowest quartile group as the reference 
group. And the other part of the blood samples was cen-
trifuged for 10 minutes at 3000 rpm and 4°C, and then 
serum samples were stored at −80°C. Progesterone was 
measured with a liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) method (Waters e2695, 
Waters XEVO TQ-S system, Waters).31 The limit of detec-
tion (LOD) was 0.02 ng/mL for progesterone. The 
detected concentration below the LOD or undetected was 
replaced by 1/2 LOD as 0.01 ng/mL. Following the dis-
tribution of progesterone levels, this study divided all 
participants into four groups based on the quartile of 
progesterone levels in men and postmenopausal women, 
and the first quartile was the reference group.

Outcomes
BMI was derived from weight and square of height. WHR 
was derived from WC and hip circumference, and WHtR 
was derived from WC and height. A BMI ≥28.0 kg/m2, 
a WC ≥90 cm in men or ≥80 cm in women, a WHR ≥90% 

in men or ≥85% in women, and a WHtR ≥ 50% was 
defined as obesity.7–10

Statistical Analysis
Continuous variables were presented as the mean ± standard 
deviation (SD), and the categorical variables were presented 
as frequency and percentage. Group differences in continu-
ously scaled measures and categorical variables were 
assessed by independent-samples t-tests and chi-square 
tests, respectively. Serum progesterone and hsCPR have 
been subjected to natural logarithmic transformation in the 
subsequent analysis due to their skewed distributions.

We used logistic regression analysis to compute the 
associations of serum progesterone and hsCRP levels with 
the odds ratios of obesity. Tests for trend were performed by 
entering the categorical variables as continuous variables in 
logistic regression models to assess the relationship across 
increasing quartiles. Linear regression was used to further 
assess the correlation of progesterone levels with obesity- 
related parameters (BMI, WC, WHR, and WHtR) and 
inflammatory markers (hsCRP). The nonlinearity of the 
effect of continuous progesterone and hsCRP and obesity 
were evaluated with the restricted cubic spline with 3 knots 
at fixed percentiles (25%, 50%, and 75%); 0.45 ng/mL and 
0.67 mg/L were set as the reference values for progesterone 
and hsCRP based on distributions. The model was adjusted 
for age, sex, marital status, education level, average 
monthly income, smoking habit, drinking habit, high vege-
table and fruits intake, high fat diet, and physical activity.

To determine whether the relationship of serum pro-
gesterone on obesity was mediated by hsCRP, we con-
ducted mediation analysis, which was conducted running 
the PROCESS with 5000 bootstraps resamples as pre-
viously depicted in elsewhere32 by adjusting the same 
confounders used in the above-mentioned adjusted model.

Other studies have reported lower amounts of proges-
terone in men and a decrease in progesterone with advan-
cing age for men.33 To address the potential modifiers of 
age, sensitivity analyses were conducted to investigate the 
relationship between progesterone and obesity and obe-
sity-related parameters, the relationship between hsCRP 
and obesity and obesity-related parameters, and the med-
iating effect of hsCRP in the association between proges-
terone and obesity among different age groups (<46 years, 
46–65 years, and >65 years). All data analysis was con-
ducted in R software version 4.0.0 and SPSS software, 
version 21.0. And all statistical significances were set a P 
value < 0.05 at two tail.
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Results
Characteristics of Study Population
Characteristics of the study participants are presented in 
Table 1. The mean (SD) age of men and postmenopausal 
women was 57.52 (10.85) and 61.12 (7.95) years old. Men 
had a higher level of WC, WHR and WHtR while 

postmenopausal women had a higher level of hsCRP, 
progesterone, and BMI. Compared with postmenopausal 
women, men tended to have higher education level, higher 
per capita monthly income, higher proportion of current 
smokers, drinkers, high fat diet, and physical activity. No 
significant differences in the other selected variables.

Table 1 Characteristics of Study Population by Gender

Variable Men Postmenopausal Women P

(N= 2747) (N= 2213)

Age (years), mean ± SD 57.52 ± 10.85 61.12 ± 7.95 <0.001a

Educational attainment, n (%) <0.001b

Never attended school 279 (11.28) 658 (29.73)

Primary school 620 (25.06) 697 (31.50)

Junior secondary and above 1575 (63.66) 858 (38.77)

Marital status, n (%) 0.122b

Married/cohabiting 2211 (89.37) 1946 (87.93)

Widowed/single/divorced/separation 263 (10.63) 267 (12.07)

Per capita monthly income, n (%) 0.021b

<500, RMB 807 (32.62) 794 (35.88)

500~, RMB 697 (28.17) 631 (28.51)

1000~, RMB 970 (39.21) 788 (35.61)

Current smoker, n (%) 1174 (47.45) 0 (0.00) <0.001b

Current drinker, n (%) 843 (34.07) 35 (1.58) <0.001b

High fat diet, n (%) 782 (31.61) 431 (19.48) <0.001b

Adequate vegetable and fruit intake, n (%) 1647 (66.57) 1452 (65.61) 0.488b

Physical activity, n (%) <0.001b

Low 656 (26.52) 394 (17.80)

Mediate 927 (37.47) 1322 (59.74)

High 891 (36.01) 497 (22.46)

hsCRP (mg/L), mean ± SD 1.62 ± 1.58 1.73 ± 1.61 <0.001a

Progesterone (ng/mL), mean ± SD 0.90 ± 0.97 1.02 ± 1.43 0.001a

BMI (kg/m2), mean ± SD 23.58 ± 3.19 23.87 ± 3.34 0.003a

WC (cm), mean ± SD 83.85 ± 9.88 82.13 ± 9.78 0.001a

WHR (%), mean ± SD 89.07 ± 6.47 88.20 ± 6.76 0.001a

WHtR (%), mean ± SD 50.37 ± 5.71 53.15 ± 6.20 0.001a

Notes: aIndependent-samples t-tests was used to compare mean difference of continuous variables between men and postmenopausal women groups; bChi-square tests 
was used to test the distributions of categorical variables between men and postmenopausal women groups. 
Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.
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Associations of Serum Progesterone with 
Obesity and Obesity-Related Parameters
The changes and 95% CI of obesity and four obesity para-
meters with per IQR increment of ln-progesterone are shown 
in Figures 1 and 2. The results presented positive associations 
between progesterone and obesity no matter how obesity was 
defined and four obesity-related parameters. Such as, in the 
adjusted model, when obesity was defined by BMI, ln- 
progesterone was significantly associated with obesity and 
the OR (95% CI) was 1.24 (1.02, 1.51) and 1.17 (0.99, 1.38) 
in men and postmenopausal women. And a one-unit increase 
in ln-progesterone was associated with a 0.26 kg/m2 (95% 
CI: 0.11, 0.42) and 0.33 kg/m2 (95% CI: 0.18, 0.49) increase 
in BMI in men and postmenopausal women; and compared 
with the first quartile, the fourth quartile of ln-progesterone 
was related to a 0.45 kg/m2 (95% CI: 0.11, 0.79) and 
0.83 kg/m2 (95% CI: 0.43, 1.22) increase in BMI in men 
and postmenopausal women.

As shown in Supplementary Figure 1, for postmenopau-
sal women, ORs of obesity defined by WC, WHR and WHtR 
increased gradually with an incremental in the serum con-
centration of progesterone in all participants (all P for overall 
association <0.05, and all P for nonlinearity <0.05), indicat-
ing a significant nonlinear dose-response relationship while 
no significant dose-response relationship was found between 
progesterone and obesity defined by BMI (P for overall 
association >0.05). For men, liner dose-response relation-
ships were found between progesterone with obesity defined 
all obesity-related parameters (all P for overall association 
<0.05, and all P for nonlinearity >0.05).

Associations of Serum Progesterone with 
hsCRP
The results of the linear regression of the relationship 
between ln-progesterone and hsCRP are displayed in 
Table 2. After adjusting all confounding factors, each 

Figure 1 Odds ratios of obesity according to the quartiles of ln-progesterone by gender. Adjusted for age, marital status, education level, average monthly income, smoking 
habit, drinking habit, high vegetables and fruits intake, high fat diet, physical activity. 
Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; Q1, the first quartile; Q2, the secondly quartile; 
Q3, the thirdly quartile; Q4, the fourthly quartile.
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1-unit increase in ln-progesterone was positively related to 
a 14% and 10% increased hsCRP levels in in men and 
postmenopausal women, respectively. Compared with the 
first quartile of serum progesterone, the estimated changes 
(95% CI) of hsCRP in the fourth quartile (Q4) of hsCRP 
were 0.34 (0.16, 0.51) and 0.26 (0.07, 0.45) in men and 
postmenopausal women, respectively.

Associations of hsCRP Levels with 
Obesity
Table 3 presents the adjusted odds ratios of obesity with 
ln-hsCRP quartiles. The results displayed that ln-hsCRP 
was associated with four kinds of obesity. For instance, in 
the adjusted model, ln-hsCRP was significantly correlated 
with obesity defined by BMI (men: OR (95% CI): Q2 vs 
Q1: 2.10 (1.25, 3.52); Q3 vs Q1: 3.30 (2.00, 5.42); Q4 vs 
Q1: 5.03 (3.11, 8.13); postmenopausal women: OR (95% 
CI): Q2 vs Q1: 2.22 (1.23, 3.99); Q3 vs Q1: 3.80 (2.19, 

6.60); Q4 vs Q1: 7.77 (4.59, 13.17)). Also, nonlinear dose- 
response relationships were found between hsCRP and 
obesity defined by all obesity-related parameters in the 
adjusted model (all P for overall association <0.05, and 
all P for nonlinearity <0.05), except obesity defined by 
BMI for postmenopausal women (all P for overall associa-
tion >0.05) (Supplementary Figure 2).

Role of hsCRP in the Association 
Between Progesterone and Obesity
In the above-presented analysis, we found that the level of 
progesterone was significantly associated with hsCRP and 
obesity. We further performed a mediation analysis to 
evaluate the possible mediation effects of hsCRP on asso-
ciations of progesterone with obesity. Table 4 presents the 
mediation effect of hsCRP after adjustment, indicating that 
hsCRP significantly mediated the associations of proges-
terone and obesity in men and postmenopausal women. 

Figure 2 Partial regression confident of obesity-related parameters according to the quartiles of ln-progesterone by gender. Adjusted for age, marital status, education level, 
average monthly income, smoking habit, drinking habit, high vegetables and fruits intake, high fat diet, physical activity. 
Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; Q1, the first quartile; Q2, the secondly quartile; 
Q3, the thirdly quartile; Q4, the fourthly quartile.
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For men, the proportions of the mediation effect of hsCRP 
for obesity defined by BMI, WC, WHR, and WHtR was 
15.35%, 15.46%, 19.14%, and 23.81%, respectively. For 
the postmenopausal women, the proportions of the media-
tion effect of hsCRP for obesity defined by WC, WHR, 
and WHtR was 12.24%, 12.12%, and 15.09%, and for 
obesity defined by BMI, hsCRP had a full mediating 
effect.

Sensitivity Analysis
A detailed description of the results of sensitivity analyses 
can be found in Supplementary materials.

Discussion
As far as we are aware, this study is the first one to 
explore the mediation effect of hsCRP on the relation-
ship between serum progesterone and obesity with four 
obesity-related parameters in rural Chinese adults. The 
present study demonstrated a positive relationship 
between progesterone and obesity regardless of how 
obesity was defined. Besides, serum progesterone was 
positively related to serum hsCRP, and serum hsCRP 

was also positively associated with obesity. The results 
from the mediation analysis demonstrated that serum 
hsCRP was an important mediator of the association 
between serum progesterone and obesity, indicating 
that systemic inflammation played a critical role in the 
association of progesterone with obesity. In case of age- 
stratified analyses in men, the results suggested that only 
in men aged 45–65 years, progesterone and hsCRP sig-
nificantly increased the risk of obesity, and the relation-
ship between progesterone and obesity was mediated by 
hsCRP.

For now, we are the first study to simultaneously 
examine progesterone levels and obesity defined by BMI, 
WC, WHR, and WHtR. One large prospective study asses-
sing the long-term effect of depot medroxyprogesterone 
acetate (DMPA) contraception showed that using the med-
icine was related to greater weight gain.18 Also, in one 
case-control study including 70 women who had breast 
cancer, the serum level of progesterone in obese cases was 
found higher than non-obese controls.17 These results are 
consistent with our findings. However, in a maternity hos-
pital-based study, Goh et al reported an inverse relation-
ship of serum progesterone level with maternal obesity 
defined by BMI in early pregnancy.20 Another previous 
study conducted by Blanchette et al showed that circulat-
ing progesterone was negatively linked to indicators of 
obesity such as WC and BMI among 38 men aged 44.5 
± 9.9 years old.19 The discrepant results between ours, 
Blanchette’s, and Goh’s may be attributable to the differ-
ent investigating populations and different sample sizes. 
Goh only focused on pregnant women, as well as the 
Blanchette’s no more than 100 middle-aged men, but our 
study consisted of 4687 men and postmenopausal women. 
In this large population-based study, we recognized that 
besides obesity defined by BMI, increasing serum proges-
terone was also correlate with a higher risk of obesity 
defined by central adiposity parameters (WC, WHR, and 
WHtR), but little is known about the specific mechanisms. 
Obviously, further investigations are necessary to deter-
mine the mechanism. The present study fills the research 
gap on the evidence of the research between natural pro-
gesterone and obesity in natural populations. Published 
literatures have proved that progesterone actively partici-
pated in lipid metabolism. The storage, and accumulation 
of adipose tissue might be caused by the progesterone 
receptor in adipose tissues, which can bound to progester-
one, and then regulate lipoprotein lipase. Besides, cAMP 
cascade, and phosphoinositide cascade are also critical for 

Table 2 Associations of Serum Ln-Progesterone Levels with 
hsCRP by Gender

Outcomes Subjects Linear Regression β Coefficients

Crude Model Adjusted 
Model

Men

Continuous 2474 0.14 (0.06, 0.22)* 0.14 (0.06, 0.22)*

Q1 618 reference reference

Q2 619 0.13 (−0.04, 0.31) 0.13 (−0.05, 0.30)

Q3 618 0.21 (0.03, 0.38)* 0.21 (0.03, 0.38)*

Q4 619 0.33 (0.16, 0.51)* 0.34 (0.16, 0.51)*

Postmenopausal 
women

Continuous 2213 0.10 (0.02, 0.17)* 0.10 (0.02, 0.17)*

Q1 554 reference reference

Q2 553 0.04 (−0.15, 0.23) 0.03 (−0.16, 0.22)

Q3 553 0.10 (−0.09, 0.29) 0.09 (−0.11, 0.28)

Q4 553 0.27 (0.08, 0.46)* 0.26 (0.07, 0.45)*

Notes: Crude model, OR, 95% CI: no adjust. Adjusted model, OR, 95% CI: 
adjusted for age, marital status, education level, average monthly income, smoking 
habit, drinking habit, high vegetables and fruits intake, high fat diet, physical activity. 
*P<0.05.
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the regulation of lipid. Progesterone can work with estro-
gen to reduce fat breakdown and promote lipid production 
by affecting both cascades.14–16

CRP has been considered as a representative biomarker of 
inflammatory that reflects potential biological mechanism.34 

The potential relationships between high CRP levels and 

Table 3 Associations of Serum Ln-hsCRP Levels with Obesity Defined by BMI, WC, WHR, and WHtR by Gender

Outcomes Logistic Regression ORs (95% CI)

Subjects Men Subjects Postmenopausal Women

Crude Model Adjusted Model Crude Model Adjusted Model

BMI

Continuous 2474 1.87 (1.57, 2.22) * 1.99 (1.66, 2.38) * 2213 2.30 (1.93, 2.74) * 2.35 (1.97, 2.80) *

Q1 676 reference reference 507 reference reference

Q2 618 2.08 (1.25, 3.47) * 2.10 (1.25, 3.52) * 549 2.14 (1.19, 3.85) * 2.22 (1.23, 3.99) *

Q3 592 3.12 (1.92, 5.07) * 3.30 (2.00, 5.42) * 577 3.60 (2.08, 6.23) * 3.80 (2.19, 6.60) *

Q4 588 4.47 (2.79, 7.14) * 5.03 (3.11, 8.13) * 580 7.44 (4.41, 12.56) * 7.77 (4.59, 13.17) *

P-trend <0.001 <0.001 <0.001 <0.001

WC

Continuous 2474 1.73 (1.54, 1.94) * 1.83 (1.62, 2.06) * 2213 2.29 (2.02, 2.60) * 2.31 (2.04, 2.63) *

Q1 676 reference reference 507 reference reference

Q2 618 1.85 (1.40, 2.43) * 1.83 (1.38, 2.42) * 549 2.22 (1.73, 2.84) * 2.25 (1.75, 2.89) *

Q3 592 2.58 (1.97, 3.38) * 2.66 (2.01, 3.51) * 577 3.74 (2.91, 4.81) * 3.85 (2.98, 4.96) *

Q4 588 3.33 (2.56, 4.35) * 3.66 (2.78, 4.82) * 580 5.54 (4.26, 7.20) * 5.67 (4.35, 7.38) *

P-trend <0.001 <0.001 <0.001 <0.001

WHR

Continuous 2474 1.79 (1.60, 1.99) * 1.83 (1.64, 2.05) * 2213 2.13 (1.86, 2.44) * 2.15 (1.87, 2.46) *

Q1 676 reference reference 507 reference reference

Q2 618 2.58 (2.05, 3.24) * 1.66 (1.32, 2.09) * 549 1.95 (1.52, 2.50) * 1.98 (1.54, 2.54) *

Q3 592 3.23 (2.57, 4.07) * 2.58 (2.05, 3.26) * 577 3.17 (2.44, 4.11) * 3.20 (2.47, 4.16) *

Q4 588 0.00 (0.00, 0.00) * 3.38 (2.66, 4.28) * 580 4.33 (3.29, 5.70) * 4.39 (3.33, 5.79) *

P-trend <0.001 <0.001 <0.001 <0.001

WHtR

Continuous 2474 1.95 (1.74, 2.18) * 2.02 (1.80, 2.27) * 2213 2.40 (2.09, 2.76) * 2.43 (2.11, 2.80) *

Q1 676 reference reference 507 reference reference

Q2 618 1.83 (1.47, 2.29) * 1.80 (1.44, 2.26) * 549 2.53 (1.96, 3.25) * 2.60 (2.02, 3.36) *

Q3 592 2.65 (2.11, 3.33) * 2.69 (2.13, 3.39) * 577 3.59 (2.77, 4.66) * 3.68 (2.83, 4.78) *

Q4 588 3.69 (2.92, 4.67) * 3.94 (3.09, 5.02) * 580 6.24 (4.68, 8.32) * 6.42 (4.81, 8.59) *

P-trend <0.001 <0.001 <0.001 <0.001

Notes: Crude model, OR, 95% CI: no adjust. Adjusted model, OR, 95% CI: adjusted for age, marital status, education level, average monthly income, smoking habit, drinking 
habit, high vegetables and fruits intake, high fat diet, physical activity. *P<0.05.
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obesity (defined by BMI), as well as diabetes mellitus, have 
been previously reported.35,36 Serum CRP has been asso-
ciated with obesity, consistent with the results from other 
investigators’ works.37,38 Recently, in a Mendelian randomi-
zation study, 5362 subjects were rolled to examine the poten-
tial causal relationship between CRP and obesity. Their 
results found that CRP was causally associated with BMI [β 
(95% CI) = 0.98 (0.32, 1.63)], WC [2.09 (0.39, 3.78)], and fat 
mass [2.07 (0.79, 3.34)].39 Hotamisligil et al proposed that 
obesity was associated with low-grade inflammatory states, 
induced by different inflammatory factors.40 CRP is widely 
implicated in the pathogenesis of metabolic disorders in 
obesity by regulating lipid metabolism and promoting fat 
synthesis.41,42 It also can affect the insulin-signaling pathway, 
stimulate insulin secretion, reduce tissue sensitivity to insulin, 
lead to systemic insulin resistance, and eventually promote 
obesity.43–47 Besides, CRP has been suggested as the main 
leptin-binding protein, and it could inhibit the function of 
leptin by interacting with the leptin receptor and lead to 
obesity.35

Additionally, for the first time, this study provides 
evidence in humans that the association of progesterone 
and obesity is mediated by elevated serum hsCRP concen-
tration. There are few studies on the association between 
progesterone and CRP. In one 8-year follow-up study from 
the Swedish, they studied the interrelation between steroid 
hormones and inflammation biomarkers in those opposite- 
sex twins.48 The study, including 219 men and 183 

women, found that progesterone was significantly asso-
ciated with CRP (men: r = 0.267; women: r = 0.150). 
Several studies have found one ten-fold higher concentra-
tion of progesterone was related to a 19.4% or 23% 
increase of CRP in premenopausal women,22,49 and the 
use of progestin or medroxyprogesterone in the combina-
tion of estrogen among postmenopausal women signifi-
cantly elevated the level of CRP.23,50 These findings can 
support our results to some extent. Progesterone has been 
reported to exhibit pro-inflammatory effects on 
neutrophils,51 through recruiting new neutrophils from 
the bone marrow and delaying apoptosis.52,53 However, 
the current results containing both men and postmenopau-
sal women need further confirmation by more studies and 
the potential mechanism of progesterone-induced CRP 
needs to be more elucidated. Based on the mechanisms 
mentioned above, it seems reasonable that high progester-
one levels lead to systemic inflammation, and in turn to 
obesity.39,40,54,55 And our mediation analysis testified our 
hypothesis and presented hsCRP significantly mediated the 
associations of progesterone and obesity.

Surprisingly we saw no significant association between 
progesterone with CRP and obesity in adult men aged <46 
and >65 years old. It was reported that progesterone levels 
in men decline significantly with age.33 One epidemiologic 
study focuses aged 71–80 years individuals from Swedish 
find that the progesterone is not to be associated with 
metabolic diseases, which support our results.56 There 

Table 4 Mediation Analysis of the Relationship Between Serum Ln-Progesterone Levels and Obesity by hsCRP by Gender

Parameters Total Effect a Direct Effect a Indirect Effect a PE* P a

Men

BMI 0.202 (0.001, 0.404) * 0.158 (−0.043, 0.360) 0.031 (0.013, 0.053) * 15.35% 0.010

WC 0.194 (0.068, 0.321) * 0.162 (0.035, 0.289) * 0.030 (0.014, 0.050) * 15.46% 0.009

WHR 0.162 (0.054, 0.269) * 0.136 (0.027, 0.245) * 0.031 (0.015, 0.053) * 19.14% 0.010

WHtR 0.168 (0.061, 0.275) * 0.139 (0.030, 0.248) * 0.040 (0.019, 0.066) * 23.81% 0.012

Postmenopausal women

BMI 0.155 (−0.011, 0.320) 0.134 (−0.036, 0.305) 0.028 (0.011, 0.049) * Full mediating effect 0.009

WC 0.245 (0.146, 0.345) * 0.224 (0.123, 0.325) * 0.030 (0.012, 0.054) * 12.24% 0.011

WHR 0.231 (0.131, 0.332) * 0.211 (0.109, 0.312) * 0.028 (0.011, 0.053) * 12.12% 0.010

WHtR 0.232 (0.131, 0.333) * 0.208 (0.106, 0.310) * 0.035 (0.014, 0.064) * 15.09% 0.013

Notes: aAdjusted for age, marital status, education level, average monthly income, smoking habit, drinking habit, high vegetables and fruits intake, high fat diet, physical 
activity. *PE=indirect effect/total effect. 
Abbreviations: hsCRP, high-sensitivity C-reactive protein; BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; BFP, 
body fat percentage; VFI, visceral fat index.
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was a negative correlation between progesterone and body 
weight (r=−0.47) and BMI (r =−0.58) in a sample of 
thirty-eight men aged 44.5 years old,19 which is inconsis-
tent with our results. More studies will be needed to 
investigate this intriguing observation.

There are several strengths in the study. The major 
strength was the relatively large sample size including 
serum samples from 4687 participants (2474 men and 
2213 postmenopausal women). Besides, mediation ana-
lysis was carried out to assess the underlying biological 
mechanisms linking progesterone to obesity. The signifi-
cant mediation effect of systemic inflammatory marker 
on the linking provides an additional clue for pathogen-
esis. Finally, LC-MS/MS was used to measure progester-
one concentration providing reliable results. However, 
several limitations should also be addressed. First, due 
to the cross-sectional study design, the causality between 
progesterone, hsCRP, and obesity could not be estab-
lished. Second, we only examined progesterone levels, 
thus it potentially missed the possibility of other hor-
mones and sex hormones levels. Third, the participants 
in the study came from rural areas of China, and these 
findings may not be generalizable to urban and other 
ethnic populations, based on possible differences in 
socioeconomic and genetic factors. Further studies with 
continued follow-up should be demanded. Despite these 
limitations, the current large population study still could 
reveal the important effects of CRP on progesterone and 
obesity.

Conclusion
This study observed that serum progesterone significantly 
increased the risk of obesity. The observed relationship 
between progesterone and obesity may have been 
mediated by hsCRP. This reflected systemic inflammation 
may be a potential mechanism underlying the association 
between progesterone and obesity. Further researches to 
confirm these findings and illustrate the potential mechan-
isms are urgently required.

Abbreviations
β, partial regression confident; BMI, body mass index; CI, 
confidence interval; CRP, C-reactive protein; hsCRP, high- 
sensitivity C-reactive protein; IQR, inter-quartile range; 
LC-MS/MS, liquid chromatography-tandem mass spectro-
metry; Ln-, natural log-transformed; LOD, limit of detec-
tion; OR, odds ratio; Q1, the first quartile; Q2, the second 
quartile; Q3, the third quartile; Q4, the fourth quartile; 

RMB, renminbi; SD, standard deviation; WC, waist cir-
cumference; WHR, waist-to-hip ratio; WHtR, waist-to- 
height ratio.
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