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Abstract 
Menopause leads to decreased estradiol levels affecting tissue health and causing local 

inflammation in the genital organs and urinary tract. The rise of blood C-reactive protein 

(CRP) levels in menopausal women may indicate systemic inflammation associated with 

estradiol decline. The aim of this study was to determine the relationship between serum 

estradiol and CRP levels on genitourinary syndrome in menopausal women. A cross-

sectional study was conducted among menopausal women who had not experienced 

menstruation for at least 12 consecutive months at Prof. dr. Chairuddin P. Lubis Hospital, 

Medan, Indonesia, in 2023. Estradiol and CRP levels were measured using enzyme-linked 

immunosorbent assay (ELISA) and the presence of genitourinary syndrome was assessed 

using the Menopause-Specific Quality of Life (MENQOL) questionnaire. The mean levels 

of estradiol and CRP were compared to menopausal women with and without 

genitourinary syndrome with the Mann-Whitney test. To assess the correlation between 

estradiol and CRP levels, and between their levels with the presence of genitourinary 

symptoms, the Spearman correlation test was used. The genitourinary syndrome was 

reported in 25% of the total included menopausal women. Our data indicated that the 

mean estradiol levels were not significantly different between menopausal women with 

and without genitourinary syndrome (9.13±2.47 pg/mL vs 18.96±31.23 pg/mL, p=0.881). 

The mean serum CRP level of menopausal women with genitourinary syndrome 

(9.72±6.30 mg/L) was higher than that of women without the syndrome (2.09±1.26 

mg/L) with p<0.001. In addition, serum CRP level, not estradiol, was correlated with the 

symptom score of genitourinary syndrome. This study highlights that to identify and 

manage genitourinary syndrome, monitoring of CRP levels is essential in menopausal 

women. 

Keywords: Menopause, genitourinary syndrome, estradiol, CRP, MENQOL 

Introduction 

Menopause is characterized by the decreased production of estrogen and inhibin hormones by 

the ovarian follicles, causing various changes in organ structure and function, potentially 
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increasing the likelihood of chronic diseases in women. Each year, about 1.5 million women enter 

the menopausal transition, experiencing distressing symptoms, including vasomotor symptoms, 

vaginal dryness, urinary disorders, decreased libido, sleep disturbances, fatigue, and joint pain 

[1]. The prevalence of genitourinary syndrome in postmenopausal women is approximately 27–

84% and it often leads to a range of symptoms [2]. 

Certain symptoms of genitourinary syndromes are known to be closely linked to hormonal 

shifts during menopause, with many women directly associating menopause with common 

symptoms like hot flashes, vaginal dryness, and disrupted sleep (with or without night sweats) 

[1]. Estradiol deficiency induces hormonal alterations in the vaginal canal, resulting in reduced 

elasticity, leading to shortening and narrowing, and the loss of vaginal rugae. This condition 

causes a reduction in the epithelial layer, vaginal secretions, muscles, and vascularization, thus 

leading to genitourinary syndrome [3]. In genitourinary syndrome, menopause is also associated 

with inflammation of the genital tissue and urinary tract, especially due to a decrease in estrogen 

levels. Inflammation, including in the genitourinary tissue, can increase C-reactive protein (CRP) 

levels as a response to the immune system's inflammation. Therefore, high CRP levels in the blood 

may reflect the level of inflammation in the genitourinary tissue [4]. 

The relationship between estradiol and CRP is multifaceted. Reduced estradiol levels in 

menopause can affect tissue health, which can trigger inflammation in the genital organs and 

urinary tract. However, elevated CRP levels in the blood may indicate systemic inflammation, which 

is not always directly linked to estradiol levels. When assessing menopausal health, monitoring 

estradiol and CRP levels can be beneficial, yet comprehensive diagnosis and management of 

menopausal symptoms necessitate thorough evaluation and additional testing by healthcare 

providers [5]. The aim of this study was to determine the relationship between serum estradiol and 

CRP levels in menopausal women with genitourinary syndrome. 

Methods 

Study design and setting  

A cross-sectional study was conducted at Prof. dr. Chairuddin P. Lubis Hospital, Medan, 

Indonesia, in 2023 among menopausal women. This study included any menopausal patient who 

came to the gynecology clinic, met the inclusion and exclusion criteria, and was willing to 

participate. 

Sample and sampling method 

A consecutive sampling method was employed in this study to recruit the samples. Sampling is 

carried out in accordance with research criteria in the order of arrival until the sample size is 

reached. The number of samples was calculated based on a numerical-numeric correlative 

analytical formula, resulting in a minimum of 32.  

Patients and criteria 

This study included menopausal women who had not experienced menstruation for at least 12 

consecutive months, had never undergone a hysterectomy or oophorectomy (either unilaterally 

or bilaterally), never received hormone replacement therapy, had no history of metabolic, 

cardiovascular, or malignant disease, had no undergone radiotherapy or cytostatic therapy, free 

form infection and have not taken antibiotics for at least two weeks before blood sample 

collection. The exclusion criteria were withdrawal from research and damaged blood samples that 

could not be examined. 

Data collection and variables 

Samples’ characteristics, including age, parity, occupation, education, smoking history, weight, 

height, and duration of menopause, were collected. The Menopause-Specific Quality of Life 

(MENQOL) questionnaire was used to conduct assessments related to the genitourinary syndrome 

of menopause consisting of five items in the physical and sexual domains (urinary frequency, 

stress incontinence, decreased libido, vaginal dryness, and sexual intercourse avoidance). Each 

question had alternative responses on a seven-point Likert scale ranging from 0 to 6. A score of 

0 meant that the patient did not experience the specific symptom in the previous month, while a 
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score of 1 indicated that the woman was experiencing the symptom, but it was not disturbing; 

scores of 2 to 6 indicated increasing levels of discomfort with the symptoms. A comprehensive 

physical and gynecological examination was performed after evaluating the symptoms. 

Following that, a total of 1.5 mL of blood was collected from the antecubital vein of each 

patient and transported to the Prodia laboratory, Medan, Indonesia, for further process. The 

levels of estradiol and CRP levels were measured using the enzyme-linked immunosorbent assay 

(ELISA) method. The normal range for estradiol levels is between 20 and 400 pg/mL, while the 

normal range for CRP levels is under 0.3 mg/L. 

Statistical analysis 

The Mann-Whitney test was used to compare the levels of serum estradiol and CRP between 

menopausal women with and without genitourinary syndrome. The Spearman correlation test 

was used to assess the correlation between estradiol and CRP levels and between the levels of 

estradiol and CRP with the presence of genitourinary symptoms. Statistical significance was 

considered at p<0.05. All data were analyzed with the SPSS version 26 program (IBM SPSS, 

Chicago, USA). 

Results 

Characteristics of the patients 

A total of 32 menopausal women were included in the study, and their characteristics are 

presented in Table 1. The vast majority of the women were ≥50 years old (93.8%), and most were 

multiparous (71.9%). Based on education level, more than half of the women had junior high 

school education (56.3%) and were obese (59.4%). None of the women smoked and all of them 

were housewives. The average length of menopause was 7.59±5.24 years.  

Table 1. Characteristics of the menopausal women included in the study (n=32) 

Characteristics Frequency (%) 
Age  

<50 years 2 (6.3) 
≥50 years 30 (93.8) 

Parity  
Nulliparous 3 (9.4) 
Primiparous 4 (12.5) 
Multiparous 23 (71.9) 
Grande multiparous 2 (6.3) 

Occupation  
Employees 
Housewives                                                                            

0 (0) 
32 (100) 

Education  
Elementary school 7 (21.9) 
Junior high school 18 (56.3) 
Senior high school 7 (21.9) 

Smoking                                                                                                                      
Yes                                                                                                                        0 (0) 
No 32 (100) 

Body mass index (BMI)  
Underweight 0 (0) 
Normal 10 (31.3) 
Overweight 3 (9.4) 
Obesity 19 (59.4) 

Duration of menopause (years)  
Mean±standard deviation (SD) 7.59±5.24 
Median (min-max) 6 (2–20) 

Estradiol (ng/mL), mean±SD 14.05±10.32 
C-reactive protein (pg/mL), mean±SD 6.03±3.66 

Prevalence of genitourinary syndrome of menopausal women  

Our data indicated that 8 (25%) of the samples classified had genitourinary syndrome, while 24 

(75%) had no genitourinary syndrome. Among those who had the genitourinary syndrome, the 

primary reported complaints included frequent urination, vaginal dryness during sexual 
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intercourse, and avoidance of sexual intercourse. All of them experienced urinary frequency, 

vaginal dryness during sexual intercourse and avoided sexual intercourse (Table 2). 

Table 2. Distribution of syndromes of menopausal women experienced genitourinary syndrome 

(n=8) 

Symptoms n (%) 
Urinary frequency 8 (100) 
Stress incontinence  6 (75) 
Decreased libido 7 (87.5) 
Vaginal dryness during sexual intercourse 8 (100) 
Sexual intercourse avoidance 8 (100) 

Comparison of estradiol and CRP levels between menopausal women with and 

without genitourinary syndrome  

The mean of serum estradiol level in menopausal women with genitourinary syndrome was 

9.13±2.47 pg/mL and this was lower compared to those without genitourinary syndrome 

(18.96±31.23 pg/mL), although no significant difference (p=0.881) (Table 3). The mean CRP 

levels among menopausal women with the genitourinary syndrome were significantly higher 

compared to those without the genitourinary syndrome, 9.72±6.30 mg/L vs 2.09±1.26 mg/L, 

respectively, with p<0.001 (Table 3). The comparisons of mean estradiol and CRP levels between 

menopausal women with and without genitourinary syndrome are presented in Figure 1. 

Table 3. Comparison of serum estradiol and C-reactive protein (CRP) levels in menopausal 

women with and without genitourinary syndrome 

Variables Genitourinary syndrome p-value* 
Yes No 
Mean±SD Mean±SD 

Estradiol (pg/mL) 9.13±2.47 18.96±31.23 0.881 
CRP (mg/L) 9.72±6.30 2.09±1.26 <0.001 

*Analyzed with Mann-Whitney test 

 

 

 

 

 

 

 

 

 

Figure 1. Comparison of mean serum estradiol (A) and CRP level (B) in menopausal women with 
and without genitourinary syndrome.  

Correlation between estradiol and CRP levels in menopausal women 

Our analysis indicated that the levels of serum estradiol and CRP in menopausal women without 

genitourinary syndrome were not correlated (r=0.327 and p=0.119) (Table 4). Similarly, the 

level of serum estradiol was not correlated with CRP level in menopausal women with 

genitourinary syndrome (r=0.062 and p=0.883) (Table 4). 
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Table 4. Correlation between serum estradiol and C-reactive protein (CRP) levels in menopausal 

women 

Groups Variables CRP 
r p-value* 

With genitourinary syndrome Estradiol 0.062 0.883 
Without genitourinary syndrome Estradiol 0.327 0.119 

*Analyzed with Spearman correlation test 

Correlation between the levels of estradiol and CRP with each genitourinary 

symptom  

Our data indicated that there was no correlation between serum estradiol and the score of any 

syndrome genitourinary symptom in menopausal women (Table 5). Meanwhile, there was a 

significant relationship (p<0.001) between CRP levels and each genitourinary symptom with r 

values ranged from 0.6 to 0.7, indicating a strong correlation (Table 5).  

Table 5. Correlation between estradiol and C-reactive protein (CRP) with each genitourinary 

symptom score  

Symptom Estradiol  CRP  
r p-value* r p-value* 

Urinary frequency -0.002 0.993 0.752 <0.001 
Stress incontinence 0.045 0.805 0.642 <0.001 
Decreased libido 0.047 0.798 0.688 <0.001 
Vaginal dryness during sexual intercourse -0.016 0.929 0.751 <0.001 
Sexual intercourse avoidance -0.011 0.954 0.754 <0.001 

*Spearman correlation test 

Discussion  
This study revealed that menopausal women with genitourinary syndrome most commonly 

complain of urinary frequency, vaginal dryness during sexual intercourse, and avoidance of 

sexual intercourse. This is related to the decline in estrogen function during menopause. Estrogen 

helps increase cellular tropism in the epithelial lining of the vagina, urethra, and bladder, as well 

as in the trigone and puborectalis muscles, due to the presence of hormone receptors in these 

areas. Therefore, estrogen may cause urinary tract symptoms through different mechanisms [6]. 

Bladder overactivity is one factor associated with increased urination frequency [7]. A study 

reported that postmenopausal women often avoid sexual intercourse to reduce vaginal burning, 

a symptom linked to the estrogen decline that causes urogenital atrophy, vaginal dryness, 

decreased tissue elasticity, and dyspareunia, all of which affect sexual behavior [8]. A similar 

study reported that postmenopausal women were more likely to avoid sexual activity than non-

menopausal women due to reduced natural vaginal secretions, which cause pain and discomfort 

during intercourse [9]. 

This study demonstrated that the average serum estradiol level of menopausal women with 

genitourinary syndrome was lower than the serum estradiol level of menopausal women with no 

genitourinary syndrome; however, it was not significant. A study reported that after menopause, 

estradiol levels fall to prepubertal levels, with average serum estradiol levels usually 10 to 20 

pg/mL [10]. Our findings are in line with a study that showed menopausal women with 

genitourinary syndrome have lower serum estradiol levels than menopausal women without 

genitourinary syndrome [11]. According to a study, mean estradiol levels did not decline until 

2.03 years before the last menstrual period, as measured using a sensitive immunoassay with a 

lower detection limit of 1 pg/mL, whereas most commercial estradiol tests cannot accurately 

measure estradiol levels in postmenopausal women (<20 pg/mL), and the varying sensitivity and 

specificity of these tests make epidemiological comparisons difficult [12]. This study also used a 

commercial estradiol test which can only detect estradiol with a detection limit of 9 pg/mL; 

therefore, it was impossible to determine the value for estradiol levels below 9 pg/mL. 

Our finding showed that the average serum CRP level of menopausal women with 

genitourinary syndrome was significantly higher than the serum CRP level of menopausal women 

with no genitourinary syndrome. In healthy individuals, CRP levels are around 1–3 mg/L, and 

during inflammation, plasma CRP levels deviate by at least 25%, causing an increase in circulating 
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CRP levels up to 1,000-fold due to bacterial infection [13]. The results of this study indicate that 

menopausal women without genitourinary syndrome have normal serum CRP levels. In contrast, 

postmenopausal women with genitourinary syndrome have serum CRP levels that increase from 

normal values, which indicates inflammation. A study reported that menopausal women had 

higher concentrations of cytokines such as tumor necrosis factor (TNF)-alpha, interleukin (IL)-

6, and CRP [14]. High levels of CRP in the blood can indicate systemic inflammation or 

inflammation in the body [15]. This inflammation can affect various body systems, including the 

genitourinary system, which includes the genital organs and urinary tract [16]. Premenopausal 

women who show higher levels of CRP and IL-6 are associated with lower levels of libido, arousal, 

and sexual pleasure [17]. The reason for this is that inflammation can disrupt sexual desire and 

arousal and can lead to sexual reluctance as a form of defensive response to reduce the possibility 

of infection. Chronic inflammation can result in endothelial dysfunction and hinder the ability of 

nitric oxide to vasodilate, which is essential for causing sexual stimulation [17]. Pain is also a sign 

of inflammation that can reduce sexual performance and desire during sexual intercourse [17].  

Our results showed that there was no significant relationship between serum estradiol levels 

and CRP in menopausal women, both in the group of menopausal women with genitourinary 

syndrome and those without genitourinary syndrome. This study's results align with a previous 

study demonstrating that serum estradiol levels are inversely related to CRP levels in 

premenopausal women but not in postmenopausal women [18]. Another study reported an 

inverse relationship between estradiol levels and CRP in 259 women of childbearing age in the 

United States [19]. In contrast, serum estradiol levels were positively associated with CRP levels 

in 513 Italian postmenopausal women [20]. The mechanisms underlying the menopause-specific 

association between serum estradiol and CRP levels remain unclear. Estrogen inhibits the 

production of inflammatory cytokines and migration of inflammatory cells in non-reproductive 

tissues, and estrogen receptors are highly expressed on vascular smooth muscle and endothelial 

cells throughout the human body. The anti-inflammatory effects of estrogen are partly mediated 

by producing nitric oxide, decreasing TNF-α levels, and also reactive oxygen species in 

mitochondria [18]. However, the effects of estradiol may differ depending on menopausal status. 

The lack of an inverse relationship between estradiol and CRP levels in postmenopausal women 

may be explained by the observation that 80% of circulating estradiol in such individuals comes 

from the aromatization of testosterone, primarily in adipose tissue [18]. Aromatase, an enzyme 

that converts testosterone to estradiol, is stimulated by inflammatory cytokines and CRP [18]. In 

addition, it has been reported that an increase in CRP can occur through non-inflammatory 

pathways and through inflammatory pathways influenced by progestogens [21]. 

This study found a significant relationship between serum CRP levels and each genitourinary 

symptom, revealing an increased serum CRP is associated with overall genitourinary symptoms. 

According to a study, higher serum CRP levels were associated with lower levels of sexual desire, 

arousal, and pleasure, which is in line with our findings [22]. CRP is a marker of systemic 

inflammation where inflammation can disrupt women's sexual desire and arousal through direct 

(nervous) and indirect (endocrine, vascular, and social/behavioral) pathways. The liver produces 

CRP in response to cytokine signals throughout the body, making it a useful system-level 

inflammation index [22]. Cytokines can exert powerful effects on the central nervous system, 

contributing to behavioral and sexual responses. Brain areas that are relevant for the 

coordination of sexual desire and arousal, such as the mesolimbic reward system, cingulate 

cortex, and thalamus, have been shown to respond to cytokine signals, both directly at neuronal 

receptors and indirectly through interactions with dopamine and other neurotransmitters 

[22,23]. Inflammation may act on the central nervous system to contribute to female sexual desire 

and arousal dysfunction through interference with reward processing (decreased motivation to 

have sex) and increased disgust (increased avoidance and decreased sexual arousal) [22]. 

Meanwhile, regarding urological symptoms, it has been reported that there is a relationship 

between inflammation and bladder overactivity [24]. There was a positive association between 

increased levels of inflammatory markers, including CRP, TNF-α, and IL-6, with urinary 

continence [25]. Inflammatory cytokines play an important role in modulating the expression of 

connexins and the pathogenesis of bladder dysfunction; they are involved in the interaction of 
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overactive bladder parasympathetic and peptide/sensory innervation with local immune cells 

[25]. 

Conclusion 
Our study found that serum estradiol levels were not associated with genitourinary syndrome of 

menopausal women. The average serum CRP level of menopausal women with genitourinary 

syndrome was significantly higher than those without genitourinary syndrome. Additionally, CRP 

levels were related to genitourinary syndrome of menopausal women. Therefore, it is 

recommended to monitor CRP levels in menopausal women as a potential marker for identifying 

and managing genitourinary syndrome. 
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