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Progesterone Levels  
and Carotid Intima– 
Media Thickness
A Negative Association in Older Northern Chinese Men

In experimental research, progesterone has been found to be beneficial to the central ner-
vous and cardiovascular systems; however, its potential role in preventing atherosclero-
sis in elderly men remains unclear. In this prospective study, we analyzed data in 385 
older men and women from 6 communities in Beijing, China, in order to discover whether 
progesterone is associated with carotid intima–media thickness and plaque occurrence. 
Intima–media thickness and atherosclerotic plaques were determined by use of ultraso-
nography. Sex-hormone levels were measured by immunoassay. The data were analyzed 
via analysis of covariance and logistic regression analysis; P <0.05 was considered statisti-
cally significant.

We found a negative association between mean intima–media thickness and proges-
terone concentration in men, before and after adjustments for such traditional risk factors 
of atherosclerosis as age, triglyceride levels, total and low-density lipoprotein cholesterol 
levels, high-sensitivity C-reactive protein, systolic blood pressure, waist-to-hip ratio, and 
body mass index (analysis of covariance, P=0.007 and P=0.015, respectively). However, 
no such association was found in women (P=0.304 and P=0.247, respectively). In the lo-
gistic regression model that was adjusted for the confounding factors of atherosclerosis, 
men with progesterone levels in the lowest quartile (<1.87 nmol/L) had more risk of higher 
intima–media thickness (odds ratio, 2.15; P=0.042). Although further experimental and pro-
spective studies are warranted in order to determine the mechanism of progesterone’s 
function in atherosclerosis prevention, we conclude that progesterone concentrations are 
negatively associated with carotid artery atherosclerosis in northern Chinese men 60 years 
of age or older. (Tex Heart Inst J 2009;36(4):303-8)

A therosclerosis is the primary cause of death among the elderly in Western 
countries, and it is a major determinant of chronic disability.1,2 It has been 
suggested that, as people age, inflammation and endogenous sex-hormone 

levels have an increasing independent effect on the risk of atherosclerosis.3 Whether 
changes in endogenous sex-hormone levels in men have an effect on atherosclerosis 
has remained unclear; more attention has been paid to the importance of testosterone 
and estrogens in the cause, prevention, and treatment of male atherosclerosis.4,5 Evi-
dence increasingly indicates that progesterone beneficially regulates coronary artery 
reactivity in monkeys6 and human beings.7-9 However, the mechanisms of the benefi-
cial effect of progesterone on atherosclerosis in men are largely unknown, and the ef-
fect of progesterone still seems contradictory.10

 Carotid intima–media thickness (IMT) is a widely accepted noninvasive measure-
ment of preclinical atherosclerosis and an independent predictor of future adverse car-
diovascular and cerebrovascular events.11-13 To the best of our knowledge, no study has 
previously been conducted to determine the relationship between progesterone lev-
els and atherosclerosis in older northern Chinese. We sought to investigate whether 
serum progesterone is associated with atherosclerosis, as measured by IMT of the ca-
rotid artery in a population-based cohort of 385 independently living Chinese men 
and women 60 years of age or older.

Participants and Methods

The 385 study participants were recruited for this cross-sectional study from 6 com-
munities in Beijing, China. They were required to be Beijing residents of Chinese or-
igin and 60 years of age or older. Height and weight were measured as participants 

Clinical
Investigation

Qiang Ma, MD
Xuefeng Sun, MD
Yunshuang Chen, MD
Xiangmei Chen, MD, PhD
Guang Zhi, MD
Guojuan Tan, MD

Key words: Aging/blood; 
analysis of variance; ath-
erosclerosis/prevention & 
control; carotid arteries/
pathology/physiology/ultra-
sonography; cohort studies; 
muscle, smooth, vascular/
physiopathology; progester-
one/physiology; risk factors; 
sex characteristics

From: Institute of Nephrol-
ogy of PLA (Drs. X. Chen, 
Y. Chen, Ma, and Sun) and 
Department of Cardiology  
(Drs. Tan and Zhi), General 
Hospital of PLA, 28 Fuxing 
Road, Beijing 100853, Peo-
ple’s Republic of China

Drs. Ma and Sun contributed 
equally to this paper and are 
first co-authors. 

This study was supported 
by local funds from the 
Major State Basic Research 
Development Program of 
China (2007CB507405).

Address for reprints:
Xiangmei Chen, MD, PhD, 
Institute of Nephrology, 
General Hospital of PLA, 
28 Fuxing Road, Beijing 
100853, PRC

E-mail: 
xmchen301@126.com



Volume 36, Number 4, 2009304      Progesterone and Carotid IMT in Northern Chinese Men

stood erect and wore light clothing without shoes. Body 
mass index (BMI) (kg/m2) was then calculated. Waist 
and hip circumferences were measured at the umbili-
cal line in accordance with written protocol. All partic-
ipants completed self-administered questionnaires that 
included queries about physical activity and medical 
history; these were reviewed by trained nurses. Cardio-
vascular disease was defined as a history of myocardial 
infarction, angina pectoris, or stroke. A physical activi-
ty score was calculated from the questionnaire results by 
adding the number of hours during which participants 
undertook light or vigorous physical activity; the hours 
of vigorous activity received double weight. By use of 
a table sphygmomanometer, blood pressure was mea-
sured in the right arm as participants sat after a 5-min-
ute rest and with their bladders empty. Systolic blood 
pressure was recorded precisely to 2 mmHg. Systolic 
blood pressure was defined as the point of the appear-
ance (Korotkoff I) and disappearance (Korotkoff V) of 
Korotkoff sounds. The average of 2 measurements was 
used. All participants provided written informed con-
sent that was approved by our hospital’s ethics commit-
tee. All procedures were performed in accordance with 
institutional guidelines.

Carotid Ultrasonography
High-resolution B-mode carotid ultrasonography (iU22, 
Koninklijke Philips Electronics N.V.; Eindhoven, The 
Netherlands) with a 7.5- to 10-MHz linear array was 
used. All measurements were performed with the par-
ticipants in supine position with head elevation of up 
to 45° and a side tilt of 30° to the right and then to 
the left. Carotid IMT was measured bilaterally at the 
common carotid artery (1 cm proximal to the dilation 
of the carotid bulb), at the bifurcation (the 1-cm seg-
ment proximal to the f low divider), and at the inter-
nal carotid artery (the 1-cm segment in the internal 
branch distal to the f low divider). Contiguous mea-
surements (1 mm each) were attempted in each of the 6 
segments. Intima–media thickness was defined as the 
distance between the luminal–endothelial interface and 
the junction between the tunica media and the adventi-
tia. Measurements were performed over 3 cardiac cycles 
by a single investigator, and the results were expressed 
as arithmetic means. Images were also visually inspect-
ed for plaque, defined as a localized echo structure that 
encroached into the arterial lumen by at least 0.5 mm 
or 50% of the surrounding IMT value, or that dem-
onstrated a thickness of ≥1.5 mm beyond the interface 
between the lumen and the tunica intima. Mean IMT 
(defined as the mean of IMT at standard sites on the 
right and left carotid arteries) was used in the analysis. 
The IMT examination was performed and interpreted 
by an investigator who was unaware of the laboratory 
evaluations. The IMT scores were highly reproducible: 
the estimate of correlations between scans that were per-

formed by different readers (inter-reader reliability) was 
0.96. The same type of ultrasonography and the same 
method were used to examine plaque formation.

Clinical Measurements
Fasting venous blood was collected for the serologic 
measurements. All blood samples were drawn between 
7:30 and 8:30 am, and serum samples were stored at 
–80 °C. Levels of total cholesterol, low-density-lipo-
protein (LDL) cholesterol, and triglycerides were de-
termined, and the results were standardized. Levels of 
serum high-sensitivity C-reactive protein (hsCRP) were 
measured in the General Hospital of PLA by use of 
a particle-enhanced, immuno-turbidometric latex ag-
glutination assay. Serum concentrations of progesterone 
(nmol/L) were measured by use of commercial radioim-
munoassay kits (Diagnostic Systems Laboratories, Inc.; 
Webster, Tex).

Statistical Analysis
Statistical results were expressed as mean ± SD. The 
male and female participants were categorized into quar-
tiles in accordance with progesterone levels. Characteris-
tics among the 4 groups were compared by using 1-way 
analysis of variance, the Kruskal-Wallis test, or the c2 
test, as appropriate. Post hoc multiple comparison was 
performed via the Bonferroni test. Mean differences in 
IMT measurements were compared among the 4 pro-
gesterone-level groups via analysis of covariance, with 
adjustment for age, triglycerides, total cholesterol, LDL 
cholesterol, systolic blood pressure, waist-to-hip ratio, 
and BMI. The independent relationship between IMT 
and atherosclerosis risk factors, age, and progesterone 
levels was also calculated, by means of logistic regression 
analysis. Risk factors were dichotomized according to 
the following cutpoints: BMI, >24 kg/m2; waist-to-hip 
ratio, >0.90; systolic blood pressure, >140 mmHg; di-
astolic blood pressure, >90 mmHg; triglycerides, >1.70 
mmol/L; total cholesterol, >5.2 mmol/L; LDL cholester-
ol, >3.64 mmol/L; and lack of physical exercise, <3 hr/
wk. Age was used as a continuous variable, and the pro-
gesterone cutpoint was in the lowest progesterone quar-
tile (<1.87 nmol/L). All statistical tests were 2-tailed, 
with statistical signif icance def ined as P <0.05. The 
data were analyzed with the SPSS version 15.0 statisti-
cal package (SPSS Inc.; Chicago, Ill).

Results

The characteristics of the 385 participants are shown in 
Table I. The mean age of the men was 71.81 ± 7.06 yr, 
and the mean age of the women was 70.84 ± 6.93 yr. 
The numbers of participants who undertook light phys-
ical exercise (<3 hr/wk), moderate exercise (3–7 hr/wk), 
and vigorous exercise (>7 hr/wk) were 100 (25.97%), 
118 (30.65%), and 167 (43.38%), respectively. No sig-
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nificant differences between the men and the women 
were found in age, systolic blood pressure, hip circum-
ference, BMI, or hsCRP. The progesterone levels of the 
men were much higher than those of the women (2.56 
± 1.75 vs 1.87 ± 1.12 nmol/L, P <0.001). The mean 
IMTs were similar between the 2 groups (0.9 ± 0.19 
vs 0.89 ± 0.19 mm, P=0.677), whereas the incidence 
of plaque was higher in the men than in the women 
(Table I).
 The median levels (ranges) of progesterone of the quar-
tiled groups were 1.25 (1.19–1.34), 1.9 (1.87–1.93), 2.5 
(2.43–2.59) and 4.49 (3.74–5.21) nmol/L in the men; 
and 0.87 (0.81–0.94), 1.4 (1.34–1.43), 1.93 (1.87–2), 
and 3.31 (2.93–3.65) nmol/L in the women (Table II). 
Because of the statistically significant difference in pro-
gesterone levels between the men and women (P <0.001) 
(Table I), further analyses were carried out in the differ-
ent sexes separately. There was a negative association be-
tween progesterone and mean IMT in men (P=0.007). 
After adjustment for age, triglycerides, total cholesterol, 
LDL cholesterol, hsCRP, systolic blood pressure, waist-
to-hip ratio, and BMI, the association remained statisti-
cally significant (P=0.015); however, no association was 
found in women before adjustment (P=0.304) or after 
adjustment (P=0.247) (Tables II and III). No significant 
differences of plaque incidence were found in the quar-
tiled groups (Table II).

 

The traditional risk factors of atherosclerosis and the 
IMT measurements in relation to the progesterone quar-
tiles are shown in Table II. Although no association 
was found between progesterone and age, systolic blood 
pressure, waist-to-hip ratio, BMI, total cholesterol, LDL 
cholesterol, hsCRP, and plaque incidence, progesterone 
was negatively associated with triglycerides in men. In 
women, there was a signif icant difference in systolic 
blood pressure among the progesterone quartiles; how-
ever, no correlation between progesterone and the other 
risk factors was found.
 Logistic regression analysis showed that men with a 
progesterone level in the lowest quartile (<1.87 nmol/L) 
were more likely (odds ratio=2.15, P=0.042) to have a 
higher average IMT (>0.9 mm), independent of age and 
the other risk factors. Age (odds ratio=1.12, P=0.015) 
and triglyceride levels >1.70 mmol/L (odds ratio=1.65, 
P=0.027) were also independently associated with ca-
rotid IMT (Table IV).

Discussion

We found that progesterone levels were significantly re-
lated to carotid IMT in our study population of older 
northern Chinese men. This observation was surpris-
ing, because it contradicts the conclusion that most ex-
isting studies suggested.14-16 However, in our study, the 

TABLE I. Characteristics of the 385 Study Participants (mean ± SD)

Characteristic Men (n=181) Women (n=204) P Value

Age (yr) 71.81 ± 7.06 70.84 ± 6.93 0.179

Systolic BP (mmHg) 132.39 ± 16.76 131.23 ± 17.61 0.509

Height (cm) 169.68 ± 5.32 157.22 ± 5.18 <0.001

Weight (kg) 67.96 ± 9.65 59.45 ± 8.73 <0.001

Waist circumference (cm) 86.02 ± 9.02 83.13 ± 9.63 0.003

Hip circumference (cm) 97.53 ± 8.19 98.55 ± 7.87 0.213

Waist-to-hip ratio 0.88 ± 0.05 0.84 ± 0.07 <0.001

Body mass index (kg/m2) 23.58 ± 2.96 24.01 ± 3.12 0.163

Triglycerides (mmol/L) 1.36 ± 0.7 1.59 ± 0.79 0.003

Total cholesterol (mmol/L) 5.14 ± 0.87 5.51 ± 0.94 <0.001

LDL cholesterol (mmol/L) 2.8 ± 0.67 3.12 ± 0.78 <0.001

High-sensitivity CRP (µg/mL) 2.52 ± 5.3 2.52 ± 3.31 0.99

Progesterone (nmol/L) 2.56 ± 1.75 1.87 ± 1.12 <0.001

Mean IMT (mm) 0.9 ± 0.19 0.89 ± 0.19 0.677

Presence of plaque (%) 47.51 34.8 0.0113

 
P value = the difference between the progesterone quartiles from analysis of variance, the Kruskal-Wallis test, or the c2 test. 
P <0.05 was considered statistically significant.
 

BP = blood pressure; CRP = C-reactive protein; IMT = intima–media thickness; LDL = low-density lipoprotein
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association remained statistically significant after adjust-
ments for age, physical exercise, and common risk fac-
tors. We also found that lower levels of progesterone 
were associated with increased IMT independently of 
age or other risk factors, and that age and higher levels of 
triglycerides were independently associated with higher 

average IMT. Notably, there was no association between 
mean IMT and progesterone levels in women before or 
after adjustment. We also observed no significant dif-
ferences in plaque incidence in the quartiled groups. 
Progesterone levels had a considerable effect on carot-
id IMT in men—higher than the effect of such well-

TABLE II. Risk Factors of IMT Measurements of the Study Participants by Sex and Progesterone Quartiles

   Quartile
 1st 2nd  3rd 4th  
 n (range) n (range)  n (range) n (range) P Value

Men n=43 n=46 n=45 n=47 —

Progesterone (nmol/L) 1.25 (1.19–1.34) 1.9 (1.87–1.93) 2.5 (2.43–2.59) 4.49 (3.74–5.21) —

Age (yr) 71.54 (69.07–74) 72.8 (70.73–74.86) 71.33 (69.27–73.39) 71.54 (69.62–73.46) 0.747

Systolic BP (mmHg) 134.6 (129.7–139.5) 133.4 (129–137.7) 131.3 (126.9–135.6) 130.4 (124–2-136.6) 0.620

Waist-to-hip ratio 0.89 (0.88–0.9) 0.86 (0.85–0.88) 0.89 (0.87–0.9) 0.89 (0.87–0.9) 0.086

Body mass index 23.58 (22.60–24.57) 23.3 (22.49–24.11) 23.85 (22.82–24.88) 23.58 (22.83–24.33) 0.856 
   (kg/m2)

Triglycerides (mmol/L) 1.73 (1.49–1.97) 1.34 (1.13–1.56) 1.29 (1.08–1.50) 1.12 (0.99–1.24) <0.001

Total cholesterol 5.19 (4.95–5.43) 5.07 (4.79–5.36) 5.21 (4.96–5.47) 5.09 (4.83–5.36) 0.832 
   (mmol/L)

LDL cholesterol 2.8 (2.62–2.98) 2.78 (2.55–3.01) 2.91 (2.71–3.1) 2.74 (2.54–2.94) 0.678 
   (mmol/L)

High-sensitivity CRP 2.59 (1.58–3.61) 3.53 (0.92–6.15) 1.93 (0.61–3.26) 2.04 (1.12–2.95) 0.475 
   (µg/mL)

Mean IMT (mm) 0.97 (0.91–1.03) 0.93 (0.88–0.99) 0.86 (0.81–0.91) 0.85 (0.79–0.91) 0.007

Presence of plaque (%) 58.14 54.35 35.56 42.55 >0.05

Women n=51 n=52 n=50 n=51 —

Progesterone (nmol/L) 0.87 (0.81–0.94) 1.4 (1.34–1.43) 1.93 (1.87–2) 3.31 (2.93–3.65) —

Age (yr) 71.77 (69.65–73.9) 70.27 (68.33–72.22) 71.03 (69.26–72.8) 70.31 (68.34–72.28) 0.661

Systolic BP (mmHg) 136 (130.7–141.3) 128.5 (123.3–133.7) 133.5 (129.8–137.3) 127 (121.9–132.1) 0.033

Waist-to-hip ratio 0.85 (0.84–0.87) 0.84 (0.82–0.86) 0.84 (0.83–0.86) 0.84 (0.81–0.86) 0.567

Body mass index  23.97 (23.11–24.84) 23.82 (22.97–24.68) 24.17 (23.22–25.12) 24.1 (23.22–24.98) 0.948 
   (kg/m2)

Triglycerides (mmol/L) 1.7 (1.45–1.94) 1.52 (1.33–1.71) 1.55 (1.35–1.75) 1.61 (1.36–1.85) 0.686

Total cholesterol 5.56 (5.30–5.82) 5.64 (5.39–5.9) 5.28 (5.05–5.51) 5.56 (5.26–5.86) 0.225 
   (mmol/L)

LDL cholesterol 3.14 (2.94–3.35) 3.22 (2.98–3.46) 2.96 (2.78–3.13) 3.14 (2.90–3.39) 0.375 
   (mmol/L)

High-sensitivity CRP 2.22 (1.48–2.96) 2.09 (1.27–2.91) 2.51 (1.57–3.44) 3.24 (2.01–4.46) 0.315 
   (µg/mL)

Mean IMT (mm) 0.93 (0.88–0.98) 0.86 (0.81–0.91) 0.89 (0.83–0.96) 0.89 (0.84–0.95) 0.304

Presence of plaque (%) 47.06 30.77 32 29.41 >0.05
 
Values are given as mean (95% confidence intervals) unless otherwise stated. 
P value = the difference between the progesterone quartiles from analysis of variance, the Kruskal-Wallis test, or the c2 test. 
P <0.05 indicates statistical significance.
 

BP = blood pressure; CRP = C-reactive protein; IMT = intima–media thickness; LDL = low-density lipoprotein
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known major risk factors as age and triglyceride levels. 
However, because this was a cross-sectional study, it was 
not possible to determine either the possible causal role 
of progesterone in atherosclerosis or the mechanisms be-
hind the association that we found.
 To our knowledge, few studies had been conduct-
ed concerning the association between progesterone 
and the risks of atherosclerosis. However, evidence has 
begun to support the concept of a beneficial role of pro-
gesterone in the central nervous and cardiovascular sys-
tems. Progesterone and synthetic progestin are highly 
associated with relaxation in rat aortas.17 Aggarwal and 
colleagues18 reported that intraperitoneal progesterone 
administration (15 mg/kg) signif icantly reduced the 
size of cerebral infarcts that resulted from the suppres-
sion of inflammatory responses and induced nitric oxide 
synthase expression in a model of bilateral common ca-
rotid artery occlusion. Progesterone can also attenuate 
the estrogen-mediated inhibition of neointimal forma-
tion after balloon injury in the carotid artery of rats19 
and can attenuate coronary artery atherosclerosis in fe-
male monkeys.20 Low-dose intraperitoneal progesterone 
(2 mg/kg) significantly reduced inflammatory reactiv-
ity, enhanced free-radical scavenging ability, improved 
contractile function of the myocardium, and stabilized 
electrocardiographic values (decreased ST-segment ele-
vation and incidences of ventricular tachycardia) in rats 
that had experienced ischemia/reperfusion injury.21

 In men, the mechanisms of the beneficial effect of pro-
gesterone on atherosclerosis are largely unknown. How-

ever, animal studies may provide indications. In ischemic 
rats, research indicates that progesterone significantly re-
duced tumor necrosis factor-a levels, increased super-
oxide dismutase activity, reduced glutathione hormone 
and malondialdehyde levels, decreased myeloperoxidase 
activity, suppressed creatine kinase activity, and attenu-
ated DNA fragmentation.21 Progesterone also repressed 
thromboxane A2 receptor expression in ovariectomized 
monkeys, which beneficially regulated coronary artery 
reactivity.18 The other possible mechanism may involve 
regulation of smooth-muscle-cell proliferation inhibi-
tion. Lee and associates22 showed in rats that proges-
terone, at physiologic levels, inhibits DNA synthesis 
and decreased cell numbers in cultured aortic smooth-
muscle cells in a dose-dependent manner. Also in rats, 
progesterone inhibits the proliferation of aortic smooth-
muscle cells by increasing the levels of p21 and p27 pro-
teins, which in turn inhibits cyclin-dependent kinase-2 
activity and interrupts the cell cycle.23

 Numerous studies have reported conflicting observa-
tions about the susceptibility of men and women to car-
diovascular disorders; however, this susceptibility may 
be directly or indirectly interlinked to sex hormones.24,25 
Investigators have suggested that progesterone is a para-
doxical hormone that exhibits either growth-stimulatory 
or growth-inhibitory effects.21,26,27 Lee and colleagues23 
reported that progesterone at physiologic levels (5–500 
nM) inhibited DNA synthesis in cultured rat aortic 
smooth-muscle cells. In rhesus monkeys with normal 
menstrual cycles, the levels of progesterone that proved 

TABLE III. Mean Intima–Media Thickness in Relation to Sex-Specific Progesterone Quartiles in Men and Women

    Quartile
  1st 2nd  3rd 4th P Value

Men Before adjusting* 0.97 ± 0.195 0.932 ± 0.179 0.86 ± 0.169 0.85 ± 0.216 0.007
 After adjusting* 0.971 ± 0.197 0.928 ± 0.172 0.865 ± 0.171 0.842 ± 0.193 0.015

Women Before adjusting* 0.932 ± 0.18 0.859 ± 0.171 0.892 ± 0.223 0.893 ± 0.201 0.304
 After adjusting* 0.932 ± 0.186 0.856 ± 0.173 0.901 ± 0.227 0.892 ± 0.203 0.247
 
*Adjustments were made for age, waist-to-hip ratio, and body mass index; for levels of triglycerides, total cholesterol, low-density-
lipoprotein cholesterol, and high-sensitivity C-reactive protein; and for systolic and diastolic blood pressure.  
 

P <0.05 indicates statistical significance.

TABLE IV. Logistic Regression Model* with the Highest Average Intima–Media Thickness Quartile (>0.9 mm) 
versus All Other Values in Men

    Mean Intima–Media Thickness Odds Ratio 95% CI P Value

Progesterone (the lowest/the other quartiles) 2.15 1.03–4.48 0.042

Triglyceride level (≥1.70 mmol/L) 1.65 1.03–2.66 0.027

Age 1.12 1.08–1.16 0.015
 
CI = confidence interval 
 

*The model calculates the odds ratio for being in the highest quartile. P <0.05 indicates statistical significance.
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protective were in the low physiologic range.6 Experi-
mental studies also reported that synthetic (rather than 
natural) progestins interfered with estrogen’s protective 
effects against vasoconstriction.7 It follows that the dis-
parate effects of progesterone depend on different types 
and dosages. Experiments and well-conducted prospec-
tive studies are needed to determine the role of proges-
terone in atherosclerosis.

Conclusion
In summary, we found that low progesterone levels were 
negatively associated with atherosclerosis in northern 
Chinese men 60 years of age or older, independent of 
other cardiovascular risk factors. Our findings suggest 
potential applications of progesterone to atherosclerosis.
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