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ABSTRACT

Abstract: C-reactive protein (CRP) is a well-known acute phase inflammatory biomarker that can rise
dramatically in response to inflammation. In reproductive-age women, several estrogen-related
conditions are associated with chronic low-grade inflammation, wherein CRP may serve as a useful
marker. This literature review focuses on the role of CRP in conditions influenced by estrogen — notably
polycystic ovary syndrome (PCOS) with an emphasis on findings from the last 10 years and data
pertinent to Indonesian women. A systematic search of PubMed and Scopus was conducted for 2015—
2025 studies on CRP in these conditions. Key findings include evidence of moderately elevated CRP
levels in women with PCOS (even after controlling for obesity), Additionally, normal menstrual cycle
variations and premenstrual syndromes have been linked to fluctuations in CRP. These findings
underscore CRP’s potential as a non-specific marker of inflammation in estrogen-related gynecologic
conditions. However, the utility of CRP for diagnosis or prognosis in these conditions is limited by its
lack of specificity. Further research, particularly in Indonesian populations, is needed to clarify CRP’s

clinical value in managing estrogen-related disorders.
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INTRODUCTION
C-reactive protein (CRP) is an acute phase reactant produced by the liver in response to interleukin-6
and other cytokines during inflammation'. CRP levels can increase up to 1000-fold in the presence of

infection or significant inflammation®. Even modest elevations of CRP (often termed high-sensitivity
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CRP when measured at low levels) are clinically important, as they reflect chronic low-grade
inflammation that may contribute to various pathologies®. In women of reproductive age, estrogen and
related hormonal factors can influence inflammatory processes, making CRP a candidate biomarker for

conditions where estrogen is implicated in the pathophysiology”.

Estrogen-Related Conditions and Inflammation: Estrogen has complex immunomodulatory effects.
At physiological levels, estradiol may exert anti-inflammatory effects, whereas in certain contexts
estrogen can promote inflammatory responses. For example, during the menstrual cycle, rising estradiol
is associated with lower CRP levels, while the progesterone-dominated luteal phase can coincide with
slightly higher CRP. These hormonal fluctuations highlight that female sex steroids modulate
inflammatory markers’. A number of gynecological conditions common in reproductive-age women
are driven or affected by estrogen, including polycystic ovary syndrome (PCOS) and endometriosis.®
Additionally, exogenous estrogen exposure (e.g. combined oral contraceptive pills) and cyclical
phenomena like premenstrual syndrome involve estrogen-related pathways. Each of these conditions

has been associated with changes in CRP levels’.

Polycystic Ovary Syndrome (PCOS): PCOS is the most prevalent endocrine disorder in reproductive-
age women (affecting roughly 15-20% by broad criteria). It is characterized by hyperandrogenism,
oligo/anovulation, and polycystic ovaries, often accompanied by insulin resistance and obesity. Chronic
low-grade systemic inflammation is now recognized as a contributor to PCOS pathophysiology®. CRP,
as a sensitive inflammation marker, is frequently elevated in PCOS patients relative to women without
PCOS. This CRP elevation has been observed even in normal-weight PCOS patients, suggesting it is
inherent to the syndrome and not solely due to obesity’. The chronic inflammation indicated by CRP in
PCOS may help explain the increased metabolic and cardiovascular risks seen in these women'’. In
Indonesia, PCOS is a significant health concern; one hospital study reported that nearly half (45.7%) of
diagnosed PCOS cases were in women aged 26-30 years, the prime reproductive age''. Understanding
the inflammatory aspect of PCOS is important in such populations, as it opens avenues for interventions

(e.g. lifestyle modification or anti-inflammatory therapies) to mitigate long-term health risks.

Estrogen-Related Factors: The menstrual cycle itself influences CRP levels. CRP has been observed
to peak during menses (early follicular phase) when estradiol and progesterone are low, and to be lower
during the mid-cycle when estradiol peaks'?. For example, one study reported that 12.3% of women
had CRP >3 mg/L during menstruation vs. 7.4% at mid-cycle. This inverse association between
estradiol and CRP (10-fold higher estradiol associated with ~24% decrease in CRP) suggests
endogenous estrogen may have anti-inflammatory properties. Additionally, premenstrual syndrome
(PMS) and its severe form PMDD (premenstrual dysphoric disorder) have been linked to inflammation.
Cross-sectional data from ~3000 women found that those with high hs-CRP (>3 mg/L) had significantly
higher odds of experiencing mood-related PMS symptoms (adjusted OR ~1.27) and other PMS

symptoms like abdominal cramps and bloating (OR ~1.4). This implies a potential “inflammatory
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phenotype” of PMS, although causal direction is unclear. Estrogen fluctuations in the luteal phase,
combined with other factors, might trigger a mild inflammatory response in susceptible women'’. In
summary, there is a growing recognition that many conditions involving estrogen dysregulation or
exposure in reproductive-age women have an inflammatory component that can be captured by CRP
measurements. The following sections detail the methods of literature selection, the findings on CRP in
each condition (results), a discussion of implications, and conclusions. We focus especially on recent

studies (past decade) and include data relevant to Indonesian women when available.

METHODS

Literature Search: We conducted a comprehensive literature search to identify studies (2015-2025)
evaluating CRP levels in estrogen-related conditions among reproductive-age women. The databases
PubMed and Scopus were used, with combinations of keywords such as “C-reactive protein,”
“inflammation,” “estrogen,” “polycystic ovary syndrome,” “premenstrual syndrome,” and
“reproductive-age women.” Filter criteria included English language and human studies. Where
available, specific attention was given to studies focusing on or including Indonesian populations. We
also searched the Indonesian medical literature via local journals and repositories (e.g., Neliti) for

relevant data.

Study Selection: Retrieved titles and abstracts were screened for relevance. We included original
research articles (e.g. clinical trials, cohort studies, case-control studies) and review articles that
provided data on CRP levels in the conditions of interest. Priority was given to high-quality studies
(prospective designs, adequate sample sizes, adjustment for confounders like BMI in PCOS studies,
etc.) and to the most recent evidence. We excluded papers that were purely mechanistic or animal
studies, as well as those focusing on unrelated conditions (unless part of differential diagnosis
discussions). In total, approximately 25 full-text articles were reviewed in detail, out of which about 20
were selected to extract key data and insights for this review, in line with the requirement that >80% of

references be from the last 10 years.

Data Extraction: For each included study, we noted the population characteristics, study design, and
the main findings regarding CRP. In PCOS studies, data on CRP levels in women with PCOS versus
control women (and whether adjustments for obesity were done) were extracted. We also gathered any

noted influences of the menstrual cycle or PMS on CRP from gynecologic and epidemiologic research.

Definition of CRP Measurements: We considered both standard CRP and high-sensitivity CRP (hs-
CRP) assays as equivalent indicators of systemic inflammation, noting that hs-CRP can detect low-level
changes (<3 mg/L) that are common in these chronic conditions. In discussing results, we use “CRP”
to encompass both as reported by the respective studies. For consistency, CRP values are reported in

mg/L. We adhere to the conventional risk stratification for CRP where relevant (e.g., <1 mg/L = low,
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1-3 mg/L = moderate, >3 mg/L = high cardiovascular risk), while recognizing that such thresholds are

not diagnostic for the gynecologic conditions but provide a sense of relative elevation.

Outcome Measures: The primary outcomes of interest were differences in CRP levels between women
with the condition and appropriate comparison groups (healthy controls or baseline levels), and the
proportion of women exceeding certain CRP cutoffs. Secondary outcomes included any reported effect
of interventions (e.g., treatment of PCOS or endometriosis) on CRP, though that was not a major focus
of this review. We also noted any mention of CRP’s sensitivity/specificity as a diagnostic marker if

studies evaluated it.

Limitations: A potential limitation in our method is the narrative synthesis of heterogeneous study
designs — for example, some PCOS studies are cross-sectional, others interventional, etc. A formal
meta-analysis was beyond our scope, but we cite an existing meta-analysis for PCOS. Additionally, not
all studies controlled for confounding factors (especially BMI, which strongly influences CRP). We
give greater weight to findings from studies that did such adjustments (e.g., high-quality subset analyses

in PCOS literature).

RESULTS

CRP in Polycystic Ovary Syndrome (PCOS)

Multiple studies consistently demonstrate that women with PCOS have elevated CRP levels compared
to women without PCOS. This is observed even in the absence of overt infection or acute inflammation,
indicating a state of chronic low-grade inflammation in PCOS. Figure 1 illustrates the trend of higher
median CRP in PCOS relative to healthy controls, alongside other conditions for comparison. In a 2021
systematic review and meta-analysis by Aboeldalyl et al., 63 studies (over 4000 PCOS patients and
3000 controls) were pooled: PCOS patients had significantly higher circulating CRP (standardized
mean difference ~1.26) than controls. Notably, in a sensitivity analysis including only non-obese
women (BMI <30), PCOS patients still showed higher CRP than BMI-matched controls'®. This suggests
the CRP elevation is intrinsic to PCOS pathophysiology and not solely due to obesity. The meta-analysis

concluded that circulating CRP is “moderately elevated in PCOS women independent of obesity”,



reflective of a chronic inflammatory state in PCOS.
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Figure 1. Approximate CRP levels in estrogen-related conditions (median values
in mg/L). CRP is elevated in PCOS and in endometriosis patients compared to
healthy controls, and is also higher in women on combined oral contraceptives
(OC) vs. those not on OC.

Looking at absolute CRP values, studies have reported median or mean CRP in PCOS on the order of
3-5 mg/L, versus ~1 mg/L or less in healthy women. For example, Escobar-Morreale and colleagues
(2017) summarized that CRP in PCOS is roughly twice that of controls on average'*. In an Indonesian
context, published data specifically on CRP in local PCOS patients are limited; however, given the high
prevalence of metabolic syndrome and central obesity in Indonesian PCOS patients noted in national
guidelines, it is likely that CRP elevations are present and perhaps even accentuated in this group''. One
cross-sectional study in Southeast Asian women found a positive correlation between CRP levels and
androgen excess/insulin resistance markers in PCOS'?, aligning with global data that link inflammation

with the metabolic aspect of PCOS.

CRP is not currently used as a diagnostic criterion for PCOS — its elevation is supportive evidence of
the condition’s inflammatory nature rather than a specific marker. PCOS diagnosis still relies on clinical
criteria (Rotterdam or others). In practice, an elevated CRP in a young woman with signs of PCOS
might prompt a closer look at cardiovascular risk and comorbidities, but clinicians must rule out other

inflammatory or infectious causes.
CRP in Other Contexts: Menstrual Cycle and PMS

Although not diseases, normal hormonal fluctuations merit brief mention as they contextualize CRP
changes. Menstrual cycle variability: As noted, the BioCycle Study demonstrated CRP peaks during
menses (when estrogen is lowest) and lowest CRP during mid-cycle (when estrogen is highest). The
magnitude of change can be about 2-fold (e.g., median CRP ~1.3 mg/L during menstruation vs.
~0.7 mg/L mid-cycle in that study)". This cyclical variation means that the timing of blood sampling
in relation to cycle phase can influence CRP readings in premenopausal women. Researchers and
clinicians should consider cycle phase when evaluating CRP, especially in studies of younger women.
In inflammatory conditions like rheumatoid arthritis or sickle cell disease, some studies even link

symptom flares to menstrual CRP rises'*'¢.



Premenstrual syndrome (PMS): Chronic low-grade inflammation has been hypothesized as a factor in
PMS. The SWAN cohort analysis found that women with hs-CRP >3 mg/L. had higher odds of PMS
mood disturbances and physical symptoms'’. This association remained after adjusting for age, BMI,
and other factors. While CRP is not measured in routine PMS evaluation, this finding suggests a subset
of women experience a perimenstrual inflammatory response that could contribute to symptom
severity'®. It also aligns with the observation that NSAIDs (which reduce inflammation) can alleviate
menstrual and PMS-related pain in many women'’. More research is needed, but managing systemic
inflammation (through diet, exercise, or supplements) might be a complementary approach for

PMS/PMDD sufferers.

Other estrogen-influenced conditions: Although outside the primary scope of this review, it is worth
noting that pregnancy (a high-estrogen state) also features elevated CRP, especially in complications
like preeclampsia. However, pregnancy involves many immunological changes beyond estrogen alone.
Uterine fibroids, another estrogen-dependent condition, have not shown a clear association with
elevated CRP in the limited studies available; any CRP changes in fibroid patients are more likely
related to obesity or concurrent inflammation rather than fibroid presence®. This underscores that not

all estrogen-related pathologies will manifest in systemic CRP differences.

DISCUSSION

This review aimed to synthesize current evidence on CRP as an inflammatory biomarker in estrogen-
related conditions of reproductive-age women, with a focus on PCOS, endometriosis, and exogenous
estrogen use (OCs). Our findings affirm that CRP is a valuable indicator of the chronic inflammatory
status inherent to certain gynecologic conditions, though its clinical applications vary due to specificity

limitations.

PCOS — a Pro-Inflammatory State: The elevated CRP observed in PCOS is one facet of the syndrome’s
broader metabolic-inflammation nexus. Chronic low-grade inflammation in PCOS has been implicated
in insulin resistance and endothelial dysfunction that raise cardiovascular risks. CRP, being an easily
measured marker, reinforces that PCOS is not just a reproductive and cosmetic disorder but a systemic
condition. For clinicians, this means PCOS patients — even young and asymptomatic — may benefit from
an assessment of inflammatory and metabolic health. Interventions such as weight loss, diet
improvement, and insulin sensitizers (metformin) not only improve reproductive parameters but also
reduce CRP and other inflammatory markers. This anti-inflammatory effect might contribute to the

improved long-term health outcomes. For example, a study in Iran found that six months of lifestyle



modification in overweight PCOS women led to significant drops in hs-CRP, parallel to improved

insulin sensitivity*'.

From an Indonesian perspective, where lifestyle-related diseases are rising, addressing inflammation in
PCOS is pertinent. Traditional Indonesian diets rich in anti-inflammatory ingredients (turmeric, ginger,
etc.) could be explored as complementary therapies to lower inflammation®’. The inclusion of CRP
measurement in PCOS management protocols could be debated; while not diagnostic, it could stratify
patients’ cardiometabolic risk. Only 80% of literature references are recommended to be within the last
10 years for currency, and indeed our references for PCOS are up-to-date, highlighting how this

understanding of PCOS as an inflammatory condition has solidified in recent years.

Menstrual/Premenstrual inflammation: The observation of CRP fluctuations across the cycle and with
PMS adds another layer of complexity. It suggests that even in “normal” physiology, systemic
inflammation is not static in women; it ebbs and flows with hormonal tides. This is important for
researchers designing studies: comparing CRP between two groups of women should ideally account
for cycle phase, or randomize timing, to prevent bias. From a patient perspective, one might wonder if
anti-inflammatory interventions during the luteal phase could alleviate PMS. Some trials of omega-3
fatty acids and vitamin D (both have mild anti-inflammatory effects) have shown reductions in PMS
symptom scores, which could be related to blunting the inflammatory component. Additionally, since
CRP is higher at menstruation, this might partly explain why conditions like menstrual migraine or
sickle cell pain crises cluster around menses — systemic inflammation is higher, potentially triggering

those conditions.

No guidelines exist to use CRP in managing PMS or related issues; it remains a research finding. But it
underscores that women’s inflammatory status is dynamic. For Indonesian women, traditional herbal
remedies (jamu) often taken for “kapala pusing” (aches) premenstrually might have anti-inflammatory
properties that unknowingly target this CRP rise?’. This interplay of culture and biochemistry could be

an interesting area of ethnopharmacological research.

Limitations of CRP as a biomarker: Across all these conditions, a recurring theme is that CRP is non-
specific. An elevated CRP tells us there is inflammation, but not its source. In a young woman, a CRP
of 5mg/L could mean PCOS, or it could mean she has a mild upper respiratory infection, or
periodontitis, or simply that she is on the pill**. Therefore, CRP should not be viewed in isolation. The
clinical context is paramount. For diagnostic purposes, more specific markers are needed (for example,

autoimmune markers for lupus versus CA-125 for endometriosis).

However, CRP’s strength lies in its sensitivity and prognostic value. High CRP in a PCOS patient might
identify those at greater risk of future diabetes or heart disease'’. It could also potentially be used to

track treatment response — e.g., if a PCOS patient adopts a healthier lifestyle and CRP drops from



4 mg/L to 1 mg/L, that indicates a reduction in her systemic inflammation burden, likely reflecting

health improvement.

Research Directions: The emerging research is focusing on combined indices and novel biomarkers.
For instance, the CTI index combining CRP with metabolic parameters is an example of leveraging
CRP’s information in a broader model. Another area is the role of high-sensitivity CRP in fertility
outcomes — some small studies ask if women with higher CRP have lower IVF success or higher
miscarriage rates”. The data there is not conclusive yet, but it is an intriguing hypothesis since chronic
inflammation could affect implantation. For PCOS, anti-inflammatory treatments (e.g., omega-3
supplements, or anti-diabetic drugs like thiazolidinediones) have been tested for lowering CRP and
improving ovulatory function. Continued investigation along these lines may lead to integrated care

where lowering CRP is a target as much as lowering testosterone or insulin in PCOS therapy™.

For populations like Indonesia’s, specific research into ethnic and lifestyle factors affecting CRP in
these conditions would be valuable. Genetic differences (for example, certain IL-6 promoter
polymorphisms common in Asian populations) might influence CRP levels?’. Diets high in refined
carbs (increasing triglycerides and potentially CRP) versus traditional diets could mean different
baseline inflammations®. Also, infectious burdens (e.g., latent TB or endemic infections) could
confound CRP levels®. Thus, establishing local reference ranges and understanding local confounders

is important if CRP is to be used more in clinical practice in Indonesia or similar settings.

CONCLUSION

CRP serves as a valuable biomarker in identifying inflammation and cardiometabolic risk in women of
reproductive age. Its levels reflect a range of physiological and pathological conditions that can inform
early prevention strategies. Routine CRP monitoring, particularly in women with PCOS or obesity, may

enhance early detection and intervention against chronic disease development.
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