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Background: Although the concentrations of progesterone (P4) and 17- 
hydroxyprogesterone (17-OHP) have been correlated with some characteristics of metabolic 
syndrome (MetS), the relationships with MetS are inconclusive. Therefore, we investigated 
the relationship between P4 and 17-OHP with MetS.
Methods: In all, the present study includes 4807 participants. Serum P4 and 17-OHP were 
measured through liquid chromatography-tandem mass spectrometry. Logistic regression and 
restricted cubic splines were used to assess the independent and combined effects of P4 and 
17-OHP on MetS.
Results: After adjusting for multiple variables, the positive association of P4 with MetS was 
observed in postmenopausal women (Third tertiles vs First tertiles: OR = 1.49, 95% CI: 1.20– 
1.86) and the negative association of 17-OHP with MetS was observed in men (Third tertiles vs 
First tertiles: OR = 0.43, 95% CI: 0.32–0.58). Compared with the combination of low P4 and low 
17-OHP, the combination of high P4 and high 17-OHP were significantly related to MetS in 
postmenopausal women (OR = 1.71, 95% CI: 1.18–2.48). Moreover, the combination of low P4 
and high 17-OHP was negatively associated with MetS in men (OR = 0.41, 95% CI: 0.24–0.69).
Conclusion: The association between P4 and MetS in postmenopausal women was positive, 
whereas 17-OHP was negatively associated with MetS in men. Additionally, their combination has 
a synergistic effect on MetS in postmenopausal women and an antagonistic effect on MetS in men.
Keywords: progesterone, 17-hydroxyprogesterone, metabolic syndrome, obesity

Introduction
Non-communicable diseases are the leading causes of death globally.1 Metabolic 
syndrome (MetS) is the most common non-communicable disease, which com
prises a group characterized by obesity, insulin (INS) resistance, hypertension 
(HTN), and hyperlipidemia (HD).1 The prevalence of MetS is 33.9% among 
Chinese adults2 and MetS may facilitate the development of diseases, including 
non-alcoholic steatohepatitis, cardiovascular disease, type 2 diabetes mellitus 
(T2DM), and cancer.3,4 Thus, it is of significant priority to improve the under
standing of the pathological mechanisms in order to develop powerful strategies to 
counter the treatment and prevention of the MetS.

Progesterone (P4) and 17-hydroxyprogesterone (17-OHP) are produced by the 
gonads and adrenal origin and P4 is concerned with regulating a variety of 
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physiological processes containing reproductive, immune 
and neurological functions. The P4 made from gonads 
perform their biological functions mainly in the blood, 
while those produced by the adrenal glands are converted 
primarily for glucocorticoids and androgens. 17-OHP is 
a C21 steroid generated by P4 via 17-hydroxylase or 17- 
hydroxypregnenolone via 3β-hydroxysteroid dehydrogen
ase/∆5-4 isomerase and play an intermediate role in the 
biosynthesis of hydrocortisone and gonadal steroid 
hormones.5 The concentration of 17-OHP is widely used 
for neonatal congenital adrenal hyperplasia screening 
because it is a sensitive indicator of 21-hydroxylase defi
ciency. Moreover, most circulating 17-OHP in men may 
come from the testes rather than the adrenal glands, as 
studies have found that orchiectomy reduces circulating 
17-OHP levels by approximately 70%.6,7

Recently, many studies have been performed to prove 
that the concentration of P4 and 17-OHP were associated 
with metabolic diseases. A study found significantly elevated 
levels of P4 is present in diabetic and obese db/db mice.8 

Increased P4 concentrations in blood during the luteal phase 
were observed in another animal study using young Ossabaw 
pigs fed a high-fructose, high-fat, high-cholesterol diet for 
a short-term to simulate obese women.9 Our previous study 
found that prediabetes and T2DM have a positive association 
with the concentration of serum P4 and negatively associated 
with the concentration of serum pregnenolone in rural 
Chinese men and postmenopausal women.10 Additionally, 
Nina11 has shown that estrogen and P4 have essential impli
cations on cardiovascular function and humoral regulation. 
Both reproductive hormones affect the blood pressure 
response to sodium load. Meanwhile, another study observed 
that lower 17-OHP concentrations in hypertensive patients 
than in normotensive individuals.12 On the other hand, a P4 
and glucocorticoid antagonist, mifepristone, under investiga
tion for Cushing’s syndrome therapy, significantly reduces 
high-density lipoprotein cholesterol (HDL-c), high-density 
lipoprotein (HDL), total cholesterol and apoA-I particle con
centrations in healthy postmenopausal women.13 However, 
no study has estimated the associations of P4 and 17-OHP 
with MetS, much less their combined effect on the MetS.

Consequently, it is crucial and urgent to explore the 
relationships of P4, 17-OHP and their combination effect 
with MetS. So, we investigated the relationship of P4, 17- 
OHP and their combination effect with MetS in China’s 
rural residents of Henan Province. The present study was 
designed to examine (1) the effect of P4 and 17-OHP on 
MetS, (2) the latent effects of gender on this relationship, 

and (3) the combined influences of P4 and 17-OHP on 
MetS among the rural population.

Materials and Methods
Study Population
All the data in the present study were taken from the 
baseline data in the Henan Rural Cohort Study, which is 
an ongoing prospective observational study aimed to 
investigate the potential risk factors of common chronic 
diseases in the Chinese rural population.14 All of the 6670 
participants were enrolled through a multi-stage, stratified 
cluster sampling method. Participants’ information was 
collected by trained public health workers and physicians 
using a standardized questionnaire. The content mainly 
consisted of demographic characteristics (gender, age, 
average monthly income as well as education levels), life
style habits (physical activity and drinking, smoking sta
tus), and personal or family histories of chronic diseases 
(eg, HD, HTN, and diabetes). Anthropometric measure
ments (eg, waist, hip circumference and, height and 
weight) were collected based on standard methods by 
trained study staff. Three times measurements on the 
right arm at sitting position using electronic sphygmoman
ometers (Omron HEM-7071A, Japan) to collect the resting 
blood pressure. Educational attainment was divided into 
illiteracy, primary school, junior middle school or above 
groups and average monthly income was divided into less 
than 500 RMB, 500–999 RMB, no less than 1000 RMB 
groups. Smoking and drinking status were divided into 
current, former/never groups, respectively. Physical activ
ity was categorized into three groups: low, mediate and 
high level according to the International Physical Activity 
Questionnaire (IPAQ).15

A total of 4807 participants were finally included in this 
study, of which 1049 participants were with MetS, 3758 
were non-MetS participants. Men and postmenopausal 
women aged 18 to 79 years were enrolled in the present 
study. Participants who missed the data of serum samples 
(n = 410), MetS (n = 10), body mass index (BMI) (n = 10), 
systolic blood pressure (n = 1), triglyceride (TG) (n = 14), 
INS (n = 30), fasting plasma glucose (FPG) (n = 3) and 
other key covariates (n = 2) were excluded. Among women 
participants, those who were not yet menopausal (n = 1329), 
those with missing data on menopause (n = 19), and those 
taking contraceptive pills (n = 27) were excluded because of 
the significant influence of the menstrual cycle and contra
ceptives on the concentration of progestogen. Women 
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smokers were also excluded (n = 8). The study and its 
protocols were approved by the Zhengzhou University 
Life Science Ethics Committee and conducted in compli
ance with the principles of the Declaration of Helsinki. 
Ethics approval code: [2015] MEC(S128). All participants 
were informed of the purpose and nature of all procedures 
used and provided written informed consent.

Laboratory Measurements
The venous blood samples of participants were collected 
after overnight fasting. After centrifugation at 3000 rpm at 
4°C for 10 min, the serum was separated and extracted and 
then stored at −80°C. The concentration of total cholesterol 
(TC), TG, FPG, low-density lipoprotein cholesterol (LDL- 
c), and HDL-c was measured using an automatic biochem
ical analyzer (Roche Cobas C501). HbA1c was assayed 
using the HPLC method (Bio-Rad VARIANT II). INS β- 
cell function and resistance with the corresponding indexes 
were estimated with the updated homeostasis model.

The serum level of P4 and 17-OHP was measured with 
the liquid chromatography-tandem mass spectrometry 
method (Waters e2695, Waters XEVO TQ-S system, 
Waters), blinded to MetS and non-MetS status.16,17 The 
limits of detection and quantification of P4 were 0.02ng/ 
mL and 0.05ng/mL and the limits of detection and quanti
fication were 0.2ng/mL and 0.5 ng/mL for 17-OHP. See 
Supplementary Table 1 for a detailed description of the 
detection methods.

Definition of MetS
The MetS was defined using the International Diabetes 
Federation (IDF) criteria.18 Participants with a waist cir
cumference (WC) ≥90 cm for men or ≥80 cm for women 
and presented with two or more of the following risk 
factors was defined as MetS: (1) TG no less than 1.7 
mmol/L; (2) HDL-c less than 1.04 mmol/L for men and 
less than 1.3 mmol/L for women; (3) FPG level no less 
than 5.6 mmol/L or use of anti-diabetic medicine; (4) 
blood pressure no less than 130 mmHg/85 mmHg or use 
of antihypertensive medicine.

Statistical Analysis
Normal and non-normal distributions of continuous vari
ables were expressed as mean (standard deviation, SD) 
and categorical variables were defined as numbers (per
centages). The statistical differences between groups were 
performed by chi-square tests (categorical variables) or 
Student’s t-test (continuous variables).

Before conducting the analysis, P4 and 17-OHP were 
defined as ln-P4 and ln-17-OHP after natural log- 
transformed due to the skewed distribution of serum P4 
and 17-OHP levels. To examine the effect on MetS, this 
study divided P4 and 17-OHP into three groups and the 
lowest tertile groups as reference. Independent analyses 
were made in men and women to explore the possible 
gender specificity. Odds ratios (ORs) were estimated by 
Logistic regression with 95% CIs for MetS by continuous 
P4 and 17-OHP and tertiles of P4 and 17-OHP. 
Multivariable adjusted models are as follows:

Model 1: no adjustment
Model 2: gender, age, marriage status, culture, smoking 

habit, drinking habit, average monthly income, high fat 
diet, physical activity, more vegetables and fruits intake

Model 3: as in model 2, plus a family history of HTN, 
HD, TD

Moreover, trend tests were utilized to assess the dose– 
response relationships by performed tertiles as continuous 
variables. The presence of non-linear dose–response rela
tionships between continuous P4 and 17-OHP with MetS 
were accessed by restricted cubic splines, with three knots 
specified at 25th, 50th, 75th and 30th, 60th, 90th percen
tiles, respectively; 0.435 ng/mL and 0.1 ng/mL were taken 
as the reference for P4 and 17-OHP based on their dis
tribution. Considering that hormone replacement therapy 
might affect serum P4 and 17-OHP levels among women, 
sensitivity analyses were conducted by excluding partici
pants taking hormone replacement to assess the robustness 
of the effect estimations.

The combined effects of P4 and 17-OHP on MetS were 
performed by logistic regression analysis based on model 
3 and comprising the terms of the corresponding tertiles, 
OR were calculated using the lowest tertiles of P4 and the 
lowest tertiles of 17-OHP as reference.19 Statistics were 
performed with SPSS statistical software (SPSS, version 
21.0; SPSS Inc., Chicago, IL, USA). P < 0.05 was con
sidered to be statistically significant.

Results
Characteristics of Participants
In total, 4807 participants (52.9% for men, 47.1% for 
women) with a mean age of 59.36 were enrolled in the 
present study, and the prevalence of MetS was 21.8%. 
Characteristics of participants based on MetS status are 
shown in Table 1. The participants with MetS had signifi
cantly higher levels of P4, WC, weight, BMI, diastolic 
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Table 1 Characteristics of the Participants

Variables Non-MetS MetS Pa value

N=3758 N=1049

Age(years), mean ± SD 59.43 ±9.91 59.09 ±9.18 0.299

Sex, n (%) <0.001

Men 2195 (58.4) 348 (33.2)

Women 1563 (41.6) 701 (66.8)

Culture, n (%) 0.499

Illiteracy 744 (19.8) 225 (21.4)
Primary school 1068 (28.4) 292 (27.8)

≥Junior middle school 1946 (51.8) 532 (50.7)

Marriage status, n (%) 0.064

Married/cohabitation 3304 (87.9) 944 (90)

Divorced/widowed/unmarried 454 (12.1) 105 (10)

Income, n (%) 0.031

<500 RMB 1328 (35.3) 331 (31.6)
500–999RMB 1068 (28.4) 296 (28.2)

≥1000RMB 1362 (36.2) 422 (40.2)

Family history of HTN, n (%) 526 (14) 259 (24.7) <0.001

Family history of HD, n (%) 110 (2.9) 60 (5.7) <0.001

Family history of T2DM, n (%) 68 (1.8) 21 (2) 0.683

Physical activity, n (%) <0.001

Low 837 (22.3) 250 (23.8)
Moderate 1749 (46.5) 562 (53.6)

High 1172 (31.2) 237 (22.6)

More vegetable and fruit intake, n (%) 2455 (65.3) 713 (68) 0.11

High-fat diet, n (%) 957 (25.5) 267 (25.5) 0.993

Current smoker, n (%) 1042 (27.7) 152 (14.5) <0.001
Current drinker, n (%) 710 (18.9) 177 (16.9) 0.136

Height(cm), mean ± SD 161.08 ±8.46 159.85 ±8.38 <0.001

WC (cm), mean ± SD 80.40 ±8.94 92.18 ±7.28 <0.001
Weight(kg), mean ± SD 59.52 ±9.97 68.36 ±10.69 <0.001

BMI (kg/m2), mean ± SD 22.87 ±2.91 26.65 ±2.75 <0.001

SBP (mmHg), mean ± SD 121.03±17.58 133.01±19.12 <0.001
DBP (mmHg), mean ± SD 73.68 ±10.16 82.03 ±10.82 <0.001

HDL-C(mmol/mL), mean ± SD 1.43 ±0.33 1.14 ±0.28 <0.001

LDL-C(mmol/mL), mean ± SD 2.95 ±0.76 3.10 ±0.85 <0.001
TG (mmol/mL), mean ± SD 1.36 ±0.78 2.49 ±1.50 <0.001

TC (mmol/mL), mean ± SD 4.60 ±0.85 4.85 ±0.96 <0.001

INS (mIU/mL), mean ± SD 11.68 ±5.03 13.45 ±5.79 <0.001
FPG (mmpl/mL), mean ± SD 5.11 ±1.00 5.87 ±1.77 <0.001

P(ng/mL), mean ± SD 0.94 ±1.26 1.02 ±1.16 0.060

17-OHP (ng/mL), mean ± SD 0.87 ±2.34 0.56 ±0.67 <0.001

Note: aCompared between participants with and without MetS. 
Abbreviations: MetS, metabolic syndrome; HTN, hypertension; HD, hyperlipoidemia; T2DM, type 2 diabetes mellitus; SD, standard deviation; WC, waist circumference; 
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
TG, triglyceride; TC, total cholesterol; INS, insulin; FPG, fasting plasma glucose; P, progesterone; 17-OHP, 17-hydroxyprogesterone.
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blood pressure, systolic blood pressure, LDL-c, TC, TG, 
FPG, as well as a higher proportion of family history of 
HTN and HD than non-MetS. While non-MetS are more 
likely to have higher height and a higher level of 17-OHP. 
The distributions are different in gender, income and phy
sical activity between MetS participants and non-MetS 
participants. No significant differences are observed in 
age, culture, marriage status, family history of TD, high- 
fat diet, current drinker, more vegetable and fruit intake 
and the concentration of P4 distribution among MetS 
participants and non-MetS participants.

The Independent Associations of P4 and 
17-OHP with MetS
Table 2 shows the positive association of P4 with MetS in 
postmenopausal women. After adjusting multi variables in 
model 3, the significance of the finding remains. For which 
each 1 unit increase in ln-P4 was positively associated with 
MetS (OR = 1.13, 95% CI = 1.01–1.26) and the tertile 3 of ln- 
P4 was also positively correlated with MetS (OR = 1.49, 95% 
CI = 1.20–1.86) versus tertile 1. The positive association 
between P4 and MetS was also observed in men (OR = 1.19, 
95% CI = 1.01–1.40) but the tertile 2 to 3 of P4 were not 
observed significant associations with MetS for men. ORs of 
MetS increased accompanied by the growth of P4 in postme
nopausal women (P for overall association <0.05, and P for 
nonlinearity >0.05), No significant dose-response was 
founded in men.

For 17-OHP in men, it showed an inverse correlation with 
MetS as each 1 unit increase in ln-17-OHP was inversely 
associated with MetS (OR = 0.75, 95% = 0.67–0.83). After 
adjusting multiple variables in model 3, the significance 
remains. The second and third tertiles of 17-OHP were also 
negatively associated with MetS versus tertile 1 (OR = 0.70, 
95% = 0.54–0.92; OR = 0.43, 95% = 0.32–0.58). No signifi
cant associations between 17-OHP and MetS were observed in 
postmenopausal women after adjusting multiple variables. 
The association between 17-OHP with MetS in the adjusted 
model 3 of men shown a nonlinear dose–response relationship 
(P for overall association <0.05, P for nonlinearity <0.05). 
Meanwhile, the presence of non-linear dose–response relation
ships between continuous P4 and 17-OHP with MetS are 
shown in Supplementary Figure 1.

The Combined Effect of P4 and 17-OHP 
with MetS
As shown in Figure 1, the combination of P4 and 17-OHP 
showed different effects on MetS among men and post
menopausal women. For men in Figure 1A, the highest 
ORs occurred in the combination of the third tertile of P4 
and the first tertile of 17-OHP (OR = 1.38, 95% CI = 0.90– 
2.10), whereas the lowest occurred in the combination of 
the first tertile of P4 and the third tertile of 17-OHP (OR = 
0.47, 95% CI = 0.29–0.76). In the third tertile of 17-OHP, 
it showed a protective effect regardless of the level of P4. 
In Figure 1B, there was an enhancement effect between P4 

Table 2 Associations of Progesterone and 17-Hydroxyprogesterone with Metabolic Syndrome in Men and Postmenopausal Women

Progesterone 17-OH Progesterone

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Men

Continuous 1.24 (1.06, 1.45)a 1.20 (1.02, 1.41)a 1.19(1.01, 1.40)a 0.72 (0.65, 0.80)a 0.75 (0.67, 0.83)a 0.75 (0.67, 0.83)a

T1 Reference Reference Reference Reference Reference Reference
T2 0.86 (0.65, 1.15) 0.81 (0.61, 1.09) 0.81 (0.60, 1.09) 0.66 (0.51, 0.86)a 0.69 (0.53, 0.91)a 0.70 (0.54, 0.92)a

T3 1.21 (0.92, 1.58) 1.16 (0.88, 1.53) 1.14 (0.86, 1.51) 0.40 (0.30, 0.54)a 0.43 (0.32, 0.58)a 0.43 (0.32, 0.58)a

P-trend 0.158 0.273 0.333 <0.001 <0.001 <0.001

Postmenopausal Women

Continuous 1.14 (1.02, 1.27)a 1.14 (1.02, 1.27)a 1.13 (1.01, 1.26)a 1.04 (0.95, 1.14) 1.04 (0.95, 1.14) 1.03 (0.94, 1.13)

T1 Reference Reference Reference Reference Reference Reference
T2 0.92 (0.74, 1.16) 0.91 (0.73, 1.15) 0.91 (0.73, 1.15) 0.94 (0.76, 1.17) 0.95 (0.77, 1.19) 0.95 (0.76, 1.19)

T3 1.50 (1.21, 1.87)a 1.51 (1.21, 1.88)a 1.49 (1.20, 1.86)a 1.18 (0.96, 1.46) 1.19 (0.96, 1.47) 1.17 (0.94, 1.45)

P-trend <0.001 <0.001 <0.001 0.156 0.143 0.188

Note: aP < 0.05.
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and 17-OHP in postmenopausal women. Compared with 
the reference, the combination of the third tertile of P4 and 
the third tertile of 17-OHP have the highest ORs 
(OR = 1.71, 95% CI = 1.18–2.48).

Sensitivity Analyses
As Supplementary Table 2 and Supplementary Table 3 
shown, the independent and combined effects of P4 and 
17-OHP on MetS did not change after excluding 

postmenopausal women who had taken hormone replace
ment therapy.

Discussion
Here, we investigated the effect of P4 and 17-OHP on 
MetS and found a positive association of P4 with MetS 
and a negative association of 17-OHP with MetS in men. 
In postmenopausal women, we observed that P4 was posi
tive with MetS and there were no significant relationships 

Figure 1 The effect of progesterone (P4) and 17-hydroxyprogesterone (17-OHP) combined on metabolic syndrome were analyzed by logistic regression model: (A) men; 
(B) postmenopausal women. The models were adjusted for age, marriage status, culture, average monthly income, smoking habit, drinking habit, more vegetables and fruits 
intake, high fat diet, physical activity, and family history of hypertension, hyperlipoidemia, type 2 diabetes mellitus. Three colors and three shades are used to represent the 
17-OHP and P4 tertiles, respectively. 
Note: *P<0.05.
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between 17-OHP and MetS. Furthermore, the combination 
of P4 and 17-OHP displayed a synergistic effect on MetS 
in postmenopausal women. However, an antagonistic 
effect was observed in men between P4 and 17-OHP.

As far as we know, there no study has investigated the 
association of P4 with MetS. However, several previous 
studies of epidemiological have assessed the relationship 
between P4 and the characters of MetS. Sophie et al20 

found increased P4 metabolism in omental adipose tissue 
of women characterized by abdominal obesity, and they 
also found that P4 has an inverse association with WC in 
men.21 As a critical contributor of MetS,22 if there is 
a strong association between obesity and P4, we can 
infer that there is also an association between MetS and 
P4. Consistent with the present study, the results of their 
studies may speculate that the positive relationship 
between P4 and MetS in women. However, due to differ
ences in the study population, inference about the results 
for men may be inconsistent. Our previous study revealed 
that prediabetes and T2DM are positively associated with 
the concentration of serum P4 in Chinese rural men and 
postmenopausal women,10 which suggested P4 has 
a positive relationship with MetS. Nina11 found P4 is the 
prominent steroid that affects blood pressure around 
menopause.11 Likewise, in Peter et al23 reviews, P4 has 
increased affinity for the mineralocorticoid receptor in 
Geller syndrome, which could cause enhanced activation 
of mineralocorticoid signaling cascades that increase Na+ 

reabsorption and K+ secretion. With the increasing con
centration of P4 during pregnancy, the risk of HTN is 
growing either. Thus, there is an inseparable relationship 
between the concentration of P4 and the occurrence of 
HTN. What is more, a prospective cohort study that 
included 40 postmenopausal women suggested that P4 
can react vigorously with HDL-c and cause the decrease 
of HDL-c concentration.24 Altogether, due to obesity, INS 
resistance, HTN and hypercholesterolemia are essential 
features for diagnosing MetS, and P4 can adversely be 
associated with these symptoms in postmenopausal 
women, so we deduce that the concentration of serum P4 
has a positive effect on the occurrence of the MetS. This is 
consistent with the founding of the present study.

On the other hand, the present study also found that 17- 
OHP has a robust protective effect on MetS in adult men. 
Olesen et al25 found that the presence of MetS was nega
tively correlated with 17-OHP, which is consistent with 
our finds. Moreover, some previous studies have evaluated 
the relationships between 17-OHP and abnormal 

characteristics of metabolism. Graeme et al12 found 
slightly higher plasma concentrations of 17-OHP in nor
motensives than hypertensive in multivariate analyses of 
a cross-sectional study. Another cross-sectional study 
including 321 men subjects suggested that 17-OHP has 
an inverse association with BMI.26 This study represents 
an extension of prior studies showing a relationship 
between 17-OHP and MetS. The MetS is a cluster of risk 
factors (including dyslipidemia, obesity, impaired glucose 
metabolism, and HTN), and 17-OHP may cause MetS by 
affecting the occurrence of these factors. We also explored 
the relationship between 17-OHP and MetS in postmeno
pausal women, and there is no significant association was 
found. Thus, our findings suggested that 17-OHP may 
provide new insights into disease pathophysiology and 
potential treatment targets in postmenopausal women.

P4 exhibits its function through binding to its related 
receptors. Accumulating researches have indicated that P4 
is involved in several pathogeneses of obesity, INS resis
tance, HTN, and dyslipidemia. P4 receptors are expressed 
in food-related areas outside the hypothalamus, including 
the caudate,27 amygdala, hippocampus, and frontal 
cortex.28 They are also widely distributed in many regions 
which can mediate pleasure, motivation, and cognition 
especially in the control of abnormal eating. On the other 
hand, P4 receptor membrane-associated component 1 con
tributes to the development of obesity via lipid accumula
tion in adipocytes to regulate adipohenesis.29 Previous 
studies also shed light on the expression of glucose trans
porter 4 could be inhibited by P4,30 resulting in increased 
INS resistance,31 especially in skeletal muscle and adipose 
tissue. The different steps of the PI 3-kinase pathway may 
be inhibited by P4, resulting in increased INS resistance as 
well as decreased glucose intake.32 Another study further 
validated the association and suggested that obesity and 
adiponectin may mediate the relationship between P4 and 
INS resistance.33 What is more, it is possible that proges
togens upregulate androgen receptors increase the risk of 
HTN in susceptible women34 and upregulate the thrombin 
receptor in the vessel wall, increasing the risk of athero
sclerotic and thromboembolic disease.35 The use of pro
gestin annulled the benefits of atorvastatin on TC, LDL-C 
and the benefits of estradiol on HDL-c were discovered by 
a double-blind randomized placebo-controlled study.36 So, 
we infer that P4 is also related to hypercholesterolemia. 
On the other hand, however, some findings suggest that 
hormonal replacement therapy and dietary supplements 
may affect hormone levels in the body and also influence 
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some of the factors that contribute to the development of 
MetS.37–39 This is an exciting finding, but due to the 
differences in the study populations, the results of the 
sensitivity analysis showed that these effects did not 
change our results significantly when the subjects involved 
in hormone replacement therapy were excluded, and 
further research is needed to investigate this effect. 
Taken together, obesity, INS resistance, HTN and HD are 
the main characteristic of MetS, so we believe P4 had 
a positive correlation with MetS.

17-OHP is mainly produced by the Leydig cells tested 
through luteinizing hormone stimulation, and the adrenal 
glands are responsible for the residual biosynthesis.6,7,40 

Obesity is correlated with a global impairment of andro
gen synthesis by the Leydig cell due to alterations in 
gonadotropin secretion.41 Therefore, the concentration of 
17-OHP and testosterone could be related to obesity 
because of the disruption of the hypothalamic-pituitary- 
gonadal axis. Moreover, adrenal synthesis of 17-OHP 
could be affected in a similar form. 17-OHP is 
a precursor of testosterone, which is converted to andros
tenedione by Cytochrome P450 Family 17 Subfamily 
A Member 1 and then to testosterone by Recombinant 17- 
Beta-Hydroxysteroid Dehydrogenase Type 3. A clinical 
trial study observed that after testosterone treatment, the 
prevalence of MetS was lower in the testicular cancer 
survivors whose Leydig cell function has gotten compen
sation. Moreover, a meta-analysis of observational studies 
showed a negative association of high testosterone on 
MetS.42 Therefore, it may be reasonable that 17-OHP 
has a negative association with MetS. Hitherto, the spe
cific mechanism underlying the effects of 17-OHP on the 
MetS is not clear and it requires extensive animal experi
ments and epidemiological studies. Based on the above 
analysis, the present study further validated their effects 
on MetS by analyzing the combined effects of P4 and 17- 
OHP. There is still a need to further evaluate the potential 
use of progestins in the treatment of metabolic diseases 
and whether their impact on the body’s metabolism 
should be considered in the context of existing progestin 
therapy.

The primary strength of this study is that participants 
of men and postmenopausal women were included to 
explore the potential gender-specific relationships of P4 
and 17-OHP with MetS. We examined not only the depen
dent relationship of P4 and 17-OHP but also the combined 
effects of P4 and 17-OHP on MetS. To the best of our 
knowledge, the present study hereby for the first time there 

shows different combined effects of P4 and 17-OHP on 
MetS among men and postmenopausal women. It showed 
the combination of a low level of P4 and a high level of 
17-OHP concentrations has the lowest odds ratio of devel
oping MetS in men, and the combination of a high level of 
17-OHP had the highest odds ratio of developing MetS in 
postmenopausal women. Moreover, present cross-sectional 
observations were derived from a large ongoing cohort 
study and collect information through a standardized pro
tocol by trained workers ensures a wide range of potential 
confounders were controlled. However, our study also has 
some limitations. First of all, even if the traditional MetS 
risk factors have adjusted, the possibility of residual con
founders remains. Second, this is a cross-sectional study 
and cannot be certain the causal associations. Third, the 
statistic was collected from the Henan rural area, so the 
results may not be suitable to apply to urban area. Fourth, 
although an inverse relationship between the concentration 
of 17-OHP and MetS was observed, the mechanism 
remains unclear.

Conclusions
Altogether, the present study found that P4 and 17-OHP 
may play essential roles in the development of MetS. 
Given the high prevalence and huge burden of MetS, 
our findings may have a pivotal influence on public 
health. Yet, the potential mechanism by which P4 and 
17-OHP influence MetS remains to be elucidated and 
these associations remain to be validated in prospective 
multicenter studies. In addition, further studies are 
needed to explore the influence of progestogen receptor 
function on MetS.
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