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Introduction

Inflammation is one of the main pathophysiology of coro-

nary heart disease (CHD),1 which leads to heightened plaque 

instability and a propensity for thrombosis.2 C-reactive pro-

tein (CRP) is an inflammatory marker, which is produced by 

hepatocytes in response to inflammatory cytokines including 

interleukin-6 (IL-6) and tumor necrosis factor α (TNF-α).3-6 

Elevated blood level of CRP is associated with CHD events, 

and CRP is considered as a risk marker for CHD.7 

CHD is a major cause of mobility and mortality in 

women,8,9 and the incidence of CHD increases after meno-

pause.8,10,11 Previous observational studies have suggested 

that there are long-term benefits of menopausal hormone 

therapy (MHT) for reducing the risk12,13 or mortality14-16 as-

sociated with CHD. Recently, a timing hypothesis has been 
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raised. Randomized controlled trials have demonstrated that 

women receiving MHT had significantly reduced risk of both 

CHD and total mortality in early menopause but not in late 

menopause.17

Estrogen deficiency increases inflammation in the ves-

sel walls.18 MHT is reported to decrease blood inflammation 

markers such as cell adhesion molecules and chemokines.19,20 

However, oral estrogen therapy increases the plasma con-

centrations of CRP,21 suggesting the increase in CRP is a 

metabolic response. 

In the Women’s Health Initiative Study, an increased risk 

of CHD was associated with conjugated equine estrogen 

(CEE) plus medroxyprogesterone acetate (MPA) compared 

with CEE alone.22 While MPA may negate the beneficial ef-

fects of estrogen on blood vessels, micronized progesterone 

(MP4) does not counteract estrogen-mediated effects on 

blood vessels.23

Based on these findings, we investigated the changes in 

CRP level according to route of estrogen administration and 

also the effect of MP4 added to estrogen in postmenopausal 

Korean women.

Materials and Methods

1. Participants

We enrolled 129 healthy postmenopausal women who vis-

ited Samsung Medical Center Menopause Clinic in Seoul, 

Korea between January 2001 and December 2013. Meno-

pause was defined when women had been amenorrheic for at 

least 12 months or had a serum follicle stimulating hormone 

level > 40 IU/L. Patients with a history of CHD or its risk 

factors, such as hypertension, diabetes mellitus, dyslipid-

emia, and smoking, were excluded. Women with chronic in-

flammatory disease, including rheumatologic disease, steroid 

use, malignant diseases, or contraindications for MHT, were 

also excluded.

2. Study design

In this retrospective cohort study, the participants were 

divided into oral and percutaneous MHT groups according to 

route of estrogen administration. As for estrogen, CEE 0.625 

mg/day (Wyeth Korea, Seoul, Korea) or equivalent and per-

cutaneous 0.1% estradiol gel 1.5 mg/day (Samil Pharma Co., 

Seoul, Korea) were given to the oral and parenteral MHT 

groups, respectively. MP4 (Hanhwa Pharma Co., Seoul, 

Korea) was added in women with an intact uterus either se-

quentially (200 mg/day for 12 days, monthly) or continuously 

(100 mg/day). All patients were followed up for at least six 

months, and there was no regimen change during the study 

period. The study protocol was approved by the Institutional 

Review Board of Samsung Medical Center (IRB No. 2015-10-

163).

3. CRP measurement

High-sensitivity CRP assay was used because it more 

precisely assesses low-level proteins.24 Serum CRP level was 

measured before MHT initiation and again after three and 

six months of MHT by immunoturbidimetry assay (Roche 

Modulator P analyser; Roche, Seoul, Korea).

4. Statistical analysis 

Data were analysed with a standard statistical package 

(SAS version 9.4; SAS Institute, Cary, NC, USA). Data are 

expressed as mean ± standard deviation or number. Base-

line characteristics were assessed using the t test, Wilcoxon 

rank sum test, chi-square test, or Fisher’s exact test accord-

ing to the type of data. Group differences at each time point 

and for time trends adjusting for covariates were analysed 

using generalized estimating equations. A multiple linear 

regression analysis was employed to evaluate the interaction 

effect of MP4 on serum CRP level adjusting for covariates. 

Because the distribution of CRP was skewed, a logarithmic 

transformation was used. All P values were two-sided, and 

values < 0.05 were considered statistically significant.

Results

The baseline characteristics of the study participants 

are shown in Table 1. All variables except current age and 

menopausal age were comparable between the two groups. 

The distributions of participants by estrogen route of ad-

ministration and addition of MP4 are also included in Table 1. 

After controlling for age, menopausal age, body mass in-

dex, and basal CRP, the effects of estrogen alone on CRP 
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were examined. Compared with baseline, no significant dif-

ference in CRP was observed at three or six months within 

the oral estrogen group (n = 29). The CRP level was also 

comparable during follow-up within the percutaneous estro-

gen group (n = 18). However, the CRP levels at three months 

were significantly different from those at six months (P = 

0.0021) and there was a significant time trend (P = 0.0013) 

within the percutaneous estrogen group but not within the 

oral estrogen group. The difference between the two groups 

did not reach statistical significance.

The impacts of MP4 on estrogen therapy were investigated 

next (Table 2). Numbers of estrogen + MP4 in the oral and 

Table 1. Baseline characteristics of the study participants according to route of estrogen administration

Characteristic
Oral MHT (n = 89) Percutaneous MHT (n = 40)

Estrogen only (n = 29) Estrogen + MP4 (n = 60) Estrogen only (n = 18) Estrogen + MP4 (n = 22)

Age (y) 53.3 ± 5.4* 55.7 ± 5.0* 52.5 ± 4.1 54.0 ± 4.7

BMI (kg/m2) 22.0 ±2.3 22.5 ±2.3 22.6 ±2.6 21.8 ±1.8

Age at menarche (y) 15.0 ± 1.4 15.3 ± 1.6 15.6 ± 1.8 15.6 ± 1.7

Menopausal age (y) 42.8 ± 7.1†, ‡ 50.7 ± 3.5† 42.1 ± 5.0‡, § 49.5 ± 3.4§

Type of menopause

   Natural 0 59 1 22

   Surgical 29 1 17 0

Systolic BP (mmHg) 122.2 ±17.1 115.6 ±14.2 117.2 ±14.2 119.8 ±15.5

Diastolic BP (mmHg) 74.3 ±9.9 71.8 ±10.5 68.0 ±8.3 73.4 ±13.6

Glucose (mg/dL) 91.1 ± 6.9 94.2 ± 8.9 92.9 ± 8.2 97.3 ± 10.2

Total-C (mg/dL) 197.7 ±28.9 203.2 ±32.2 217.1 ±37.1 199.2 ±37.6

TG (mg/dL) 99.5 ± 38.8 94.8 ± 41.8 115.3 ± 57.8 95.0 ± 48.1

HDL-C (mg/dL) 63.6 ± 12.8 63.7 ± 15.9 63.2 ± 13.1 64.6 ± 18.3

LDL-C (mg/dL) 124.8 ±29.4 126.2 ±27.7 137.4 ±32.2 120.5 ±30.2

The data is presented as mean ± standard deviation. 
MHT: menopausal hormone therapy, MP4: micronized progesterone, BMI: body mass index, BP: blood pressure, Total-C: total cholesterol, 
TG: triglycerides, HDL: high-density lipoprotein, LDL: low-density lipoprotein. 
*, †, ‡, §P < 0.05 by Wilcoxon rank sum test or t test.

Table 2. Blood CRP level in study subjects

Month
Oral MHT (n = 89) Percutaneous MHT (n = 40)

Estrogen only (n = 29) Estrogen + MP4 (n = 60) Estrogen only* (n = 18) Estrogen + MP4 (n = 22)

0 0.13 ± 0.28 0.08 ± 0.08 0.09 ± 0.12 0.06 ± 0.07

3 0.11 ± 0.18 0.12 ± 0.17 0.06 ± 0.05† 0.11 ± 0.20

6 0.20 ± 0.41 0.11 ± 0.14 0.10 ± 0.15† 0.08 ± 0.07

The data is presented as mean ± standard deviation. A logarithmic transformation of the CRP was performed due to a skewed distribu-
tion. 
CRP: C-reactive protein, MHT: menopausal hormone therapy, MP4: micronized progesterone.
*There was a significant time trend (P < 0.05 by generalized estimating equations) within the percutaneous estrogen group, after control-
ling for age, menopausal age, body mass index, and basal CRP; †P < 0.05 by generalized estimating equations after controlling for age, 
menopausal age, body mass index, and basal CRP; There were no statistical differences in both the oral and percutaneous MHTs accord-
ing to addition of MP4. 
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percutaneous MHT groups were 60 and 22, respectively. 

There was no difference in CRP at each time point between 

the estrogen alone and estrogen + MP4 treatments in both 

the oral and percutaneous MHT groups. The pattern of CRP 

change did not differ according to addition of MP4 in either 

MHT group.

Discussion

We report that oral estrogen therapy did not influence 

CRP in postmenopausal Korean women. This study also 

suggests that percutaneous estrogen might inhibit serum 

CRP level. In addition, MP4 showed no influence on the ef-

fects of estrogen.

In previous studies, CRP level was elevated with CEE.19,21,25 

However, a CRP increase did not correlate with other in-

flammatory markers. Oral estrogen therapy did reduce the 

circulating levels of E-selectin, intercellular adhesion mol-

ecule-1, vascular cell adhesion molecule-1, monocyte che-

moattractant protein-1 (MCP-1), IL-6, and TNF-α.19,20 Direct 

anti-inflammatory effects of estrogen are substantiated by 

in-vitro studies. Estradiol inhibits MCP-1 mRNA expres-

sion in macrophage.26 Estradiol also attenuates cell adhesion 

molecules in vascular endothelial cell.27 Elevation of CRP is 

possibly due to the first-pass hepatic effect of oral admin-

istration28 because oral estrogen lowers IL-6 and TNF-α, the 

modulators of the liver production of CRP. Indeed, trans-

dermal estrogen showed no change in or even sometimes 

lowered the CRP level.21,25 Subsequent studies have shown 

that this increase in CRP with oral estrogen therapy is less 

likely to be associated with inflammation.19,28

In this study, we tested the effects of percutaneous estro-

gen. Percutaneous gel is another parenteral preparation for 

estrogen that avoids hepatic first-pass effects. The gel passes 

through the skin and then forms a reservoir in the epider-

mal layer for continuous release of estrogen.29 Compared to 

patches, this gel has weaker adverse skin effects and could 

provide higher estradiol serum values with less day-to-day 

variation.30 

This study showed that follow-up CRP levels were not dif-

ferent from the baseline value in the percutaneous estrogen 

group. But three-month CPR was significantly lower than six-

month CPR and there was a significant time trend for CRP 

within the group. These findings suggest an early decline in 

CRP with percutaneous estrogen, which is in line with anti-

inflammatory action. The results of the current study are 

also consistent with previous studies that have reported no 

change or even a decrease in CRP level with a transder-

mal route.21,25 Of note, oral estrogen did not change CRP in 

postmenopausal Korean women. Asians usually have a lower 

CRP level than most Westerners by as much as 1/10,31 and 

most are less than 1 mg/L.32 CRP level is also varied among 

East Asians and is higher in Chinese and Taiwanese people 

than in Koreans and Japanese.32 This variation in baseline 

CRP level between countries might be attributed to differ-

ent CRP responses to estrogen therapy. Further prospective 

study is needed to clarify this possible ethnic difference.

In MHT, the addition of a progestogen to estrogen is re-

quired for endometrial protection.33 There are several options 

for progestogen. MPA and MP4 are equally effective for 

endometrial safety.32 However, MPA may counteract some of 

the favorable cardiovascular effects of estradiol, possibly due 

to its glucocorticoid activity, which is not the case for pro-

gesterone.34 In this study, MP4 was used as a progestogen 

because it seemed safer than MPA.35 This study suggested 

that oral MP4 did not affect estrogen’s impacts regardless 

of the route of administration in postmenopausal Korean 

women, which is consistent with the findings of a Brazilian 

study that assessed vaginal MP4.34

A limitation of this study is its retrospective study de-

sign. In addition, the sample size was too small to have full 

statistical power. To clarify the effects of MHT on CRP in 

postmenopausal Korean women, a randomized controlled 

trial with a more appropriate sample size will be needed.

In conclusion, no change in CRP was observed with oral 

estrogen therapy, whereas percutaneous estrogen might de-

crease serum CRP level in postmenopausal Korean women, 

in line with its anti-inflammatory action. The estrogenic im-

pacts on CRP were not influenced by adding MP4 in either 

the oral or parenteral route of estrogen administration.
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