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Abstract 

 

Background: The menstrual cycle exhibits a pattern of repeated inflammatory activity. The 

present study aims to evaluate inflammatory and endothelial markers during the two phases of 

a menstrual cycle.  

 

Methods: The study cohort consisted of 102 women with regular menstrual cycles. 

Inflammatory and endothelial markers (interleukin-6 [IL-6], pentraxin-3, hs-C reactive 

protein [hs-CRP], sE-selectin, sP-selectin, intracellular and vascular cell adhesion molecules 

[ICAM-1 and VCAM-1] and cathepsins L, B and K) were measured during the early 

follicular and the late luteal phase of a normal menstrual cycle.  

 

Results: PTX-3 and hs-CRP were significantly higher during the follicular phase compared to 

the luteal phase (p<0.001 respectively p=0.025). The other inflammatory and endothelial 

markers, with the exception of cathepsin B, were higher, albeit not significantly, during the 

follicular phase.  

 

Conclusions: Inflammatory activity, expressed mainly by members of the pentraxin family, is 

higher during the early follicular compared to the luteal phase. This could be associated to 

menstruation but the exact mechanisms behind this pattern are unclear and might involve the 

ovarian hormones or an effect on hepatocytes.  
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Introduction 

 

The female reproductive system, including ovulation and menstruation, shares molecular and 

cellular mediators with the inflammatory system [1]. The endometrium in particular, is an 

example of cyclic inflammatory activity [2]. The studies on the variations of inflammatory 

markers during the course of a menstrual cycle are few and have been performed in small 

cohorts and the data is somewhat limited.  

 

C-reactive protein (CRP) is an acute phase protein produced by the liver in response to 

inflammation [3]. During the course of a menstrual cycle, the highest levels of CRP have been 

reported during the early follicular phase [4]. Pentraxin-3 is a member of the pentraxin 

superfamily and has a dual role in inate immunity and female fertility, especially in carriers of 

specific single-nucleotide polymorphisms (SNPs) [5] 

 

The intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion molecule 1 

(VCAM-1) are involved in leukocyte trafficking and inflammation [6, 7].  Both ICAM-1 and 

VCAM-1 are expressed in the human ovary and have been shown to vary during the 

menstrual cycle [8], reaching their peak during ovulation.  

 

Cathepsins are lysosomal cysteine proteinases that participate in a variety of proteolytic 

processes. Cathepsins B, L and S are present in the endometrium during both phases of the 

menstrual cycle and it has been suggested that they are necessary for its development and 

normal function [9]. 



	
  

The aim of this study was to investigate the changes in selected inflammatory and endothelial 

markers during a regular menstrual cycle. We chose inflammatory and endothelial markers 

that have been shown to vary during the menstrual cycle or are associated to hormonal 

changes. The results were correlated to levels of estradiol, progesterone, anti-müllerian 

hormone (AMH) and sex hormone binding globulin (SHBG) measured at the same time 

points. 

  

Study participants and methods 

 

Study participants 

The study cohort consisted of 104 healthy premenopausal women not taking any form of 

hormone medications. Inclusion criterion was a history of regular menstrual cycles and 

exclusion criteria were pregnancy, hormonal therapy or breast-feeding within 2 months prior 

to the start of the study. Two women were excluded (1 due to severe problems with the blood 

sampling and 1 withdrew consent due to personal reasons). Subsequently, the results below 

refer to 102 women (table I).   

 

Fifty-three women (52%) were nulligravidae, 12 (11%) had one pregnancy, 16 (16%) two 

pregnancies, 7 (7%) three pregnancies, 6 (6%) four pregnancies, 5 (5%) five pregnancies, 2 

(2%) six pregnancies and 1 (1%) eight pregnancies.  Of the 49 (48%) women who had been 

pregnant at least once, 8 (16.5%) had delivered no children, 11 women (22.5%) had delivered 

one child, 19 (39%) two children, 7 (14%) three children and 4 (8%) women four children 

each. Nine women (9%) had at least one miscarriage.  

 



	
  

For the characteristics of the women included in the study, see table I. 

 

Ethical approval 

Written consent was obtained from all participants prior to inclusion in the study and the 

study protocol was approved by the local Ethics Committee. 

 

Blood sampling and handling 

Blood samples were collected during the early follicular (cycle day, cd 3-5) and late luteal (cd 

22-25) phase of the menstrual cycle from each volunteer. Venous blood samples were drawn 

from an antecubital vein after 15 min in the supine position, collected in tubes containing 0.13 

mM citrate (Vacutainer, Becton Dickinson, Meylen, France) and immediately centrifuged at 

2000g for 15 min. After removal of the cells, plasma was re-centrifuged for another 15 min at 

2000g. Blood for serum preparation was collected in plain Vacutainer tubes without 

anticoagulants and kept at room temperature for 1h before centrifugation at 2000g for 10 min. 

Cell-free plasma and serum samples were stored at -70°C until analysed. 

  

Measurement of inflammatory and endothelial markers  

Interleukin-6 (IL-6) was measured by an ELISA method (Quantikine) using human IL-6 

(R&D Systems, Abingdon, UK). Pentraxin-3 (PTX-3) (DY1826), sE-selectin (DY724), sP-

selectin (DY137), ICAM-1 (DY720), VCAM-1 (DY809), cathepsin L (DY952), cathepsin B 

(DY2176) and cathepsin S (DY1183) were analysed by ELISAs from R&D Systems. 

High sensitivity-C reactive protein (CRP) was measured on an Architect Ci8200 analyser 

(Abbott Laboratories, Abbott Park, IL, USA). 



	
  

 

Measurement of hormones and SHBG  

Serum concentrations of progesterone and SHBG were determined by the direct 

chemiluminescence enzyme immunoassays Imulite 1000 using commercial kits from 

Diagnostic Products Corporation, Los Angeles, CA. Estradiol levels were analysed by a 

sensitive Spectria radioimmunoassay from Orion Diagnostica (Espoo, Finland).  AMH was 

determined by ELISA using a commercial kit (AMH Gen II ELISA; Beckman Coulter). 

 

Statistical analysis 

All the results were analysed using the program SPSS, Systat Inc Software. As the number of 

observations (n) was greater than 30, we used the paired t-test (statistical significance when 

p<0.05, CI 95%) in order to determine the differences in the levels of inflammatory and 

endothelial markers in the luteal and follicular phase for each volunteer.  

 

The correlations between hormones, SHBG and inflammatory and endothelial markers were 

evaluated by simple correlation method for continuous data (Pearson’s), according to the 

Dancey and Reidy’s categorisation (r=0.1-0.3 weak correlation, 0.4-0.6 moderate correlation, 

0.7-0.9 strong correlation) [10]. 

 

Results 

All values reported below are expressed as mean±SD. 

Inflammatory and endothelial markers during the follicular and luteal phase of the 

menstrual cycle and their correlations to hormones and SHBG 

 



	
  

PTX-3 and hs-CRP were significantly higher during the follicular phase compared to the 

luteal phase (PTX-3: p<0.001, 2152 pg/ml vs. 1752 pg/ml and hsCRP: p=0.025, 1.65 mg/l vs. 

0.89 mg/l). No statistically significant differences were observed for the other markers; 

however, all markers but cathepsin B and sP-selectin were higher during the follicular phase 

(table II).  

 

 No significant correlations were observed between the inflammatory and endothelial 

markers, the hormones measured (progesterone, estradiol, AMH) and SHBG. 

 

Discussion 

 

The pattern that emerged showed that the inflammatory response is more pronounced during 

the early follicular phase compared to the luteal phase, even though those differences did not 

always reach statistical significance. This is the first time, to our knowledge, that different 

types of inflammatory and endothelial markers are studied together in this context and are 

shown to have a similar pattern. 

 

Bonello and Norman showed that ICAM-1 reaches its peak in the early and mid-follicular 

phase and that both ICAM-1 and VCAM-1 decrease during the rest of the cycle [8]. In our 

study, however, although both proteins were higher during the early follicular phase, the 

differences did not reach statistical significance. The number of subjects in [8] was lower 

(n=10) than in our study and the blood sampling took place at 8 time-points during one cycle, 

thus highlighting even subtler differences. 

 

The variations of the adhesion molecules sP-selectin and sE-selectin during the menstrual 



	
  

cycle have been studied before in smaller cohorts with varying results [8, 11-14]. In our 

study, P-selectin was slightly, but not significantly, higher during the luteal phase, which is in 

contrast with previous findings [11, 14], however the cohorts in both studies were smaller and 

the timing for the blood sampling different. E-selectin was practically unchanged during the 

menstrual cycle, as observed previously [8]. It has been previously reported that e-selectin 

decreases following menopause [15] whereas it increases during hormonal treatment 

(combined oral contraceptives, COC and hormone replacement therapy) [16]. A clear 

association with hormonal changes is thus shown, although the more discreet changes during 

a menstrual cycle do not appear to induce such variations.  

 

In accordance with previous studies [17, 18], IL-6 was higher during the follicular phase, but 

this difference did not reach statistical difference. In contrast to [17], however, no correlation 

was found between IL-6 and estradiol. The cohort in [17] was smaller than ours, which could 

lead to discrepancies in the results due to differences in the statistical power. 

 

The relations between female sex hormones and CRP depend on whether the hormones are 

endogenous or administered (exogenous). Endogenous estrogen has been associated with 

decreases in CRP whereas exogenous estrogen, especially when administered orally [16] has 

the opposite effect. Similarly, despite the fact that exogenous progesterone seems to be 

associated with decreases in CRP, it appears that endogenous progesterone is associated with 

increases in CRP [19]. This would place the higher CRP concentration at some point during 

the beginning of the follicular phase [4], as shown in our study. However, no associations 

between hs-CRP and hormones were observed.  

 



	
  

Both PTX-3 and CRP belong to the protein superfamily of pentraxins and are synthesized 

under the guidance of interleukins, most prominently IL-6 [20]. CRP is mainly produced in 

the liver while PTX-3 is produced locally in the inflamed tissue. The differences in synthesis 

sites and the fact that PTX-3 has previously been reported to be an early marker for 

preeclampsia and endothelial dysfunction [20, 21] was the reason for including PTX-3 in this 

study. However, we found no clear differences between CRP and PTX-3. This study showed 

that both PTX-3 and CRP were significantly higher during the follicular phase, whereas IL-6 

was only marginally higher. It is known that CRP is higher during the menstruation [19] and 

that is confirmed by our results, too (as the early follicular phase in the ovarian cycle 

corresponds to the menstruation in the uterine cycle when this nomenclature is used). It has 

also been hypothesized that higher CRP during the follicular phase is a marker of greater 

ovarian reserve, as it has been associated with higher number of follicular waves [22] and 

greater number of antral follicles [23]. PTX-3 is under strict hormonal control and is 

upregulated during ovulation; it has also been shown to play a role in female fertility [24]. It 

would appear that members of the pentraxin superfamily are largely responsible for the 

inflammatory activity during the early follicular phase and are additionally associated to 

markers with dual inflammatory and coagulation activity. 

 

In a previous study on the same cohort [25], a cycle was considered ovulatory if: i) the 

progesterone level in the luteal phase was above 15 nM/L and increased compared with the 

follicular phase level and ii) the estradiol level was increased in the follicular compared to the 

luteal phase. Of the 102 women included in the study, 16 were assessed as having anovulatory 

cycles at the time of the sampling. In addition, as 14 women had hormone levels that did not 

fulfil either criterion (i) or (ii), it could not be concluded whether they should be classified as 

having anovulatory or ovulatory cycles. The presence of ovulation in the women included in 



	
  

the study was therefore not assessed by objective methods [26, 27, 28]. All the statistical 

analyses were repeated excluding the 16 women who were assessed as having anovulatory 

cycles and the results were not affected (data not shown). Thus, the final report includes all 

women, regardless of ovulation.  

 

The main strength of the study is its large cohort, which adds to the reliability of the results as 

most previous studies in the field have been performed in smaller cohorts. The main weakness 

of the study is that we could not provide the mechanisms behind our observations Lack of 

available material has restricted the amount of analyses we were able to perform.  

 

In conclusion, this study contributes to the current knowledge on inflammatory response 

during the menstrual cycle. We showed that a variety of vascular and inflammatory markers 

are increased in different grades during the early follicular phase (corresponding to 

menstruation). Increased CRP concentration during treatment with COCs has been associated 

with a direct effect on hepatocytes, and not with IL-6 mediated inflammation [16]. This effect 

was not studied in our report, and could thus be part of the explanation. Larger studies 

including also the inflammatory markers with known associations to ovarian hormones could 

be useful tools to investigate this hypothesis. 
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Tables 

 

Cohort  

(n) 

Age  

(mean±SD) 

BMI  

(mean±SD) 

Number of 

pregnancies 

0/1/2/3/4/5/6/8 

Number of 

deliveries 

0/1/2/3/4 

Anovulatory 

cycle (n) 

102 31.7±8.6 23±3 53/12/16/7/6/5/1 8/11/19/7/4 16 

 

Table I. Characteristics of the participants in the study. 

 

 

 

 

 Follicular phase Luteal phase p 

PTX-3 (pg/ml) 2152±911 1752±835 <0.001 

hs-CRP (mg/l) 1.65±3 0.89±1 0.025 

IL-6 (pg/ml) 1.03±1 0.77±1 0.151 

sP-selectin (pg/ml) 107786±66780 108846±59792 0.554 

sE-selectin (pg/ml) 25571±9070 25179±8606 0.849 

VCAM-1 (pg/ml) 370390±87165 359360±75901 0.168 

ICAM-1 (pg/ml) 136515±32654 132175±31001 0.215 

CATHL (pg/ml) 6399±3289 6185±2908 0.725 

CATHB (pg/ml) 37326±15093 38843±16157 0.198 

CATHS (pg/ml) 11700±2732 11542±2787 0.937 



	
  

Table II. Values of inflammatory and vascular markers during the follicular and luteal phase 

of the menstrual cycle. The values are expressed as mean±SD. 
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