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Background: Studies report high levels of inflammatory markers in women with polycystic 
ovary syndrome (PCOS), reflecting chronic low-grade inflammation. This inflammation is 
thought to be associated with insulin resistance. We aim to evaluate inflammatory markers 
[high sensitivity C reactive protein (CRP) and interleukin 6] and insulin resistance in women 
with PCOS in Yaoundé, Cameroon.
Methods: We conducted a comparative cross-sectional study including 32 women with 
PCOS aged between 18 and 44 years and 32 controls matched for age and body mass index 
(BMI). Homeostasis model assessment of insulin resistance (HOMA-IR) index calculated 
using C peptide levels was used to evaluate insulin resistance. Serum levels of high 
sensitivity CRP (hsCRP) and interleukin 6 (IL-6) were measured. Comparisons were made 
using the Student’s T-test and non-parametric tests (Mann–Whitney U-test, Kruskal–Wallis 
test).
Results: We found that the median [25th–75th percentile] level of hsCRP was significantly 
higher in women with PCOS compared to the controls (0.63 [0.32–3.81] mg/L vs. 0.47 
[0.15–1.04] mg/L; p=0.01), while IL-6 levels were not different (8.61 [4.1–33.79] pg/mL for 
PCOS vs. 8.80 [5.28–38.85] pg/mL for controls; p=0.51). We noted that women with PCOS 
had a higher HOMA-IR index (1.15±0.90 vs. 0.77±0.38; p=0.03). However, there was no 
correlation between hsCRP level and the HOMA-IR index (Spearman correlation coeffi
cient=0.10; p=0.62).
Conclusion: PCOS is associated with an increased level of hsCRP and insulin resistance in 
Cameroonian women. This exploratory study provides baseline evidence for larger-scale 
studies.
Keywords: interleukin 6, high sensitivity C reactive protein, polycystic ovary syndrome, 
insulin resistance, sub-Saharan Africa

Introduction
Polycystic ovary syndrome (PCOS) is the most common endocrinopathy in women 
of reproductive age.1 It is a complex and heterogeneous condition affecting about 
10% of women of childbearing age.2 Historically known for its association with 
poor reproductive health, it has evolved during the past decades as a major back
ground for cardiometabolic diseases.3,4 As high as 50–70% of women with PCOS 
exhibit insulin resistance, half of them are overweight or obese and present with a 
5-7-fold increased risk of type 2 diabetes.3,5 Furthermore, large observational 
studies suggest that women with PCOS might be at a higher risk for developing 
cardiovascular diseases.6 Studies have confirmed low-grade chronic inflammation 
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as a key player underlying metabolic syndrome and cardi
ovascular complications in chronic diseases.7,8 Given that, 
studying low-grade chronic inflammation in PCOS is 
important as it could be involved in its pathophysiology. 
Available data provide evidence of a low-grade inflamma
tion with an increased level of hsCRP and IL-6, markers of 
inflammation in different populations of women with 
PCOS.9–12 However, evidence of inflammation in PCOS 
is yet to be proven in all populations, and little is known, 
especially in sub-Saharan African populations who have 
different clinical and phenotypic presentations. To fill this 
knowledge gap, we carried out this study to evaluate 
inflammatory markers in relationship with insulin resis
tance in Cameroonian women with PCOS, a micro-eco
system of sub-Saharan Africa.

Materials and Methods
Design and Participants
This comparative cross-sectional study was conducted 
from March 2020 to June 2020 at the Yaoundé Gyneco- 
Obstetric and Pediatric Hospital, and at the laboratory of 
the Yaoundé Central Hospital. We included women aged 
from 18 to 44 years with PCOS, and control subjects 
matched for age and BMI. The diagnosis of PCOS was 
established based on medical records of participants. The 
diagnosis was defined according to the 2003 Rotterdam 
diagnosis criteria of PCOS. We included in the PCOS 
group women with at least two of the following criteria: 
(1) oligo-or anovulation; (2) clinical and/or biological 
hyperandrogenism; (3) polycystic morphology of ovary 
in ultrasound examination (at least 12 follicles with a 
diameter of 2–9 mm and/or volume ≥10 mL per ovary).13 

Control subjects were healthy volunteers recruited from 
the community with no clinical menstrual cycle disorder 
and no evidence of clinical hyperandrogenism. We did not 
include women with any of the following conditions: 
pregnancy or breastfeeding, known diabetes mellitus, 
acute infection in the past 3 weeks, known chronic dis
eases (hepatic, renal, autoimmune, neoplasia, Human 
Immunodeficiency Virus), a very high level of hsCRP 
(not detectable by measuring devices), or other known 
hyperandrogenemia conditions (late-onset congenital adre
nal hyperplasia, Cushing syndrome, and androgen secret
ing tumors). In addition, we ensured that oral 
contraceptives or drugs that could affect hormonal and 
metabolic profiles were discontinued at least 3 months 
before inclusion in the study.

Procedure
Patients with PCOS were identified from registers of the 
outpatient and the imaging departments and were subse
quently contacted and invited to participate in the study. 
Control subjects were recruited amongst hospital visitors 
and by invitation through posters posted on social net
works. After obtaining informed consent and checking 
the selection criteria, anthropometric and clinical data 
were collected. Blood samples were collected in the morn
ing after 12 hours of overnight fasting. Plasma glucose 
measurement was performed immediately by God-PAP 
enzymatic colorimetric method (BIOLABO® kit, Paris, 
France), with a lower limit of detection of 0.10 g/L, an 
intra-assay coefficient of variation (C.V) between 1.3– 
0.67% for normal-high rate, and an inter-assay C.V 
between 1.2–1.06 for normal-high rate. C peptide and IL- 
6 levels were measured by indirect sandwich Enzyme 
Linked Immuno-Sorbent Assay (ELISA) method 
(ELABSCIENCE® kit, Houston, TX), with a lower limit 
of detection of 7.81 pg/mL. C peptide had an intra-assay 
C.V between 4.4–5.54%, and an inter-assay C.V between 
4.52–5.58, whereas the intra-assay C.V of IL6 was 
between 3.71–6.72%, and inter-assay C.V between 3.39– 
6.61. High sensitivity CRP level was evaluated by a direct 
immunofluorescence method (Ichroma™ kit, Boditech 
Med Inc, Chuncheon, Gangwon, South Korea), with a 
lower limit of detection of 0.5 mg/L. For intra-Lot 
Precision, C.V is ≤15%, and for inter-Lot Precision, C.V 
is ≤15%. We used the Homeostasis Model Assessment of 
Insulin Resistance (HOMA-IR) index to assess insulin 
resistance, which was measured by multiplying fasting 
plasma glucose (mmol/L) by fasting serum insulin (mUI/ 
L) divided by 22.5, where the insulin level was replaced 
by the C peptide.14

Statistical Analysis
Data were analyzed using Statistical Package for Social 
Sciences Version 23.0 (IBM SPSS Statistics for Windows, 
Version 23.0. Armonk, NY: IBM Corp). Continuous vari
ables were summarized as mean±Standard Deviation (SD) 
or median [25th–75th percentiles], for normally distributed 
and skewed quantitative data, respectively, while catego
rical variables were reported as counts and percentages. 
The Chi-square test was used to study the association 
between categorical variables. We used the Student’s 
T-test and non-parametric tests (Mann–Whitney U-test, 
Kruskal–Wallis test) for group’s comparison of quantita
tive variables. Spearman correlation test was used to 
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assess the linear association between skewed quantitative 
data. A p-value less than 0.05 was considered statistically 
significant. The minimal size for the study was calculated 
using the formula of Charan and Biswas with α=5% and 
β=10%.15 We used data from the study of Hu et al16 in 
2011 in China, with CRP values of 1.9±2.0 mg/L for 
PCOS women versus 0.9±0.8 mg/L for healthy women.

Results
Participants’ Characteristics
We enrolled 32 women with PCOS with a mean±SD age 
of 26.69±4.69 years and a mean BMI of 28.94±7.78 Kg/ 
m2. About a third of the women were overweight 
(BMI=25–29.9 Kg/m2) and 37.4% were obese (BMI>30 
Kg/m2), with the same proportions in both groups. 
Regarding the phenotypes of PCOS women, 50% (16/32) 
had phenotype A (Dysovulation | Hyperandrogenism | 
Polycystic ovaries), 18.75% (6/32) phenotype B 
(Dysovulation | Hyperandrogenism), 9.38% (3/32) pheno
type C (Hyperandrogenism | Polycystic ovaries), and 
21.88% (7/32) phenotype D (Dysovulation | Polycystic 
ovaries). Women with PCOS presented a higher waist-to- 
hip ratio (WHR) compared to control subjects (0.93±0.12 
vs. 0.82±0.09; p<0.001). The clinical characteristics of 
participants are shown in Table 1.

Insulin Resistance and Inflammation in 
Women with PCOS and Control Subjects
Women with PCOS had higher C peptide levels (p=0.02) 
and HOMA-IR (p=0.03) compared to controls, as shown 
in Table 1. Similarly, their hsCRP level was higher than 
that of controls (0.63 [0.32–3.81] mg/L vs. 0.47 [0.15– 
1.04] mg/L; p=0.01), while IL-6 levels were similar 
between the two groups (8.61[4.1-33.79] pg/mL vs. 8.80 

[5.28-38.85] pg/mL; p=0.51). There was no difference in 
levels of inflammatory markers and insulin resistance by 
BMI, in women with PCOS, as shown in Table 2.

A significant correlation was found between hsCRP 
level and BMI in the control group (r=0.67; p<0.001), 
but not in women with PCOS (r=0.23; p=0.25). In 
women with PCOS and Controls, there was no significant 
linear correlation observed between the serum level of 
inflammatory markers and the HOMA-IR index, as 
shown in Table 3. HsCRP level was significantly corre
lated with IL-6 in both groups (r=0.38; p=0.03 for PCOS; 
r=0.56; p=0.001 for controls). Furthermore, as shown in 
Table 4, no other association with serum hsCRP level was 
observed in the PCOS group.

Discussion
We aimed to study inflammatory markers and insulin 
resistance in a population of PCOS patients compared to 
their age and BMI matched controls. We found that the 
level of hsCRP was higher in women with PCOS com
pared to controls. There was no difference in IL-6 levels 
between both groups, but IL-6 was correlated to hsCRP. 
The HOMA-IR index was higher in women with PCOS 
compared to controls. In addition, no factor associated 
with hsCRP level in women with PCOS was identified.

The higher level of hsCRP in women with PCOS com
pared to controls supports the conclusions of several studies 
in different populations of women with PCOS, including a 
recent report of Rudnicka et al9 suggesting the presence of a 
low-grade chronic inflammation in PCOS.17,18 Indeed, 
hyperandrogenism in women with PCOS seems to lead to 
adipocyte hypertrophy, which activates the nuclear factor 
kappa-B (NF-κB). Activation of this factor induces the 
release of several inflammatory cytokines, which in turn 

Table 1 Clinical Characteristics and Insulin Resistance Parameters of Participants

PCOS (n=32)* Controls (n=32)* p-value

Age (years) 26.69±4.69 27.09±4.98 0.74

BMI (Kg/m2) 28.94±7.78 28.29±6.96 0.72

WHR 0.93±0.12 0.82±0.09 <0.001
SBP (mmHg) 118.31±11.78 117.75±11.53 0.85

DBP (mmHg) 77.19±10.37 79.13±8.35 0.41

Glycemia (mmol/L) 5.27±1.05 5.35±0.94 0.76
C peptide (mUI/L)) 4.98±3.83 3.25±1.62 0.02
HOMA-IR 1.15±0.90 0.77±0.38 0.03

Notes: *Data are presented as Mean±SD; text in bold represents significant values. 
Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; HOMA-IR, homeostasis model assessment of 
insulin resistance.
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stimulate the production of CRP by the liver.19,20 On the 
other hand, we did not observe any difference in IL-6 levels 
in the PCOS group compared to the controls. These findings 
are similar to previous reports on IL-6.17,21 IL-6 is known to 
stimulate the liver’s production of CRP.22 The difference 
observed for hsCRP, but not for IL-6 in the two groups, can 
be explained by the fact that, beside IL-6, other mediators can 
stimulate CRP production.22 Together, our data suggest that 
there is a low-grade inflammation in sub-Saharan African 
women with PCOS. They are therefore predisposed to cardi
ometabolic complications, and it would be interesting to 

Table 2 Inflammatory Markers and Insulin Resistance According to BMI

Normal* Overweight* Obese* p-value

PCOS
HsCRP (mg/L) 0.52 [0.22–3.13] 0.80 [0.30–2.93] 2.63 [0.35–4.26] 0.53

IL6 (pg/mL) 5.48 [2.35–9.79] 8.61 [3.71–20.00] 32.94 [7.04–55.74] 0.19

HOMA-IR 0.55 [0.38–0.65] 0.98 [0.67–1.79] 1.12 [0.52–2.48] 0.06

Controls
HsCRP (mg/L) 0.16 [0.10–0.53] 0.52 [0.27–0.99] 1.05 [0.42–1.40] 0.03
IL6 (pg/mL) 4.69 [2.94–9.59] 10.77 [5.77–40.12] 34.62 [9.39–57.43] 0.02
HOMA-IR 0.71 [0.30–1.15] 0.91 [0.56–1.08] 0.64 [0.37–0.88] 0.62

Notes: * Data are presented as median [25th–75th percentile]; text in bold represents significant values. 
Abbreviations: HsCRP, high sensitivity C reactive protein; IL6, interleukin 6; HOMA-IR, homeostasis model assessment of insulin resistance.

Table 3 Correlation between Inflammatory Markers and 
HOMA-IR Index in Both Groups

Spearman 
Correlation (r)

p-value

HsCRP
PCOS 0.10 0.62

Controls 0.12 0.55

IL6
PCOS −0.14 0.49

Controls 0.16 0.43

Abbreviations: HsCRP, high sensitivity C reactive protein; IL6, interleukin 6.

Table 4 Association between Clinical and Biological Characteristics of Women with PCOS and the hsCRP Level

Variables (n=26) HsCRP OR (95% IC) P-value

High Low

Age (years)
<25 7 (53.8) 6 (46.2) 1.3 (0.29–6.36) 0.69
≥25 6 (46.2) 7 (53.8)

BMI
Obese 4 (57.1) 3 (42.9) 1.48 (0.25–8.49) 1

Non-obese 9 (47.4) 10 (52.6)

WHR
˃0.80 11 (52.4) 10 (47.6) 0.65 (0.22–11.99) 1
≤0.80 2 (40.0) 3 (60.0)

Hyperandrogenism
Yes 10 (52.6) 9 (47.4) 1.48 (0.26–8.50) 1

No 3 (42.9) 4 (57.1)

HOMA-IR
≥0.72 8 (57.1) 6 (42.9) 1.86 (0.39–8.89) 0.69

<0.72 5 (41.7) 7 (58.3)

Abbreviations: HsCRP, high sensitivity C reactive protein; OR, odds ratio; CI, confidence interval; BMI, body mass index; WHR, waist-to-hip ratio; HOMA-IR, homeostasis 
model assessment of insulin resistance.
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study the long-term effect of anti-inflammatory drugs on the 
occurrence of these.

As expected, we found a high HOMA-IR index in 
women with PCOS compared to their matched controls. 
In Cameroon, Doh et al23 in 2016, conducted a study 
including 14 PCOS patients on the same population and 
found similar results using the hyperinsulinemic euglyce
mic clamp. Insulin resistance is associated with an 
increased secretion of insulin. Physiologically, there is a 
potential relation between hyperinsulinism and hyperan
drogenism. Indeed, insulin resistance results in a compen
satory increase in insulin secretion in order to maintain 
normal glucose homeostasis.24 This hyperinsulinism sti
mulates the secretion of luteinizing hormone by the gona
dotropic cells of the anterior pituitary gland, and 
potentiates its action on the internal thecal cells of the 
ovary for the production of androgens.25 In addition, 
hyperinsulinism is responsible for premature sensitivity 
of follicular cells to luteinizing hormone, altering the 
selection of the dominant follicle-by-follicle stimulating 
hormone.26 Hyperandrogenism and ovulation disorders 
are the main characteristics of PCOS.2

In our study we found that WHR is higher in women 
with PCOS than in controls. One study showed that 
abdominal obesity causes additional disturbances of meta
bolic and hormonal parameters in PCOS.27 Furthermore, 
visceral obesity seems to also be associated with chronic 
low-grade inflammation.28 One may wonder whether the 
high level of hsCRP and insulin resistance found in our 
study would be related to this difference in WHR? 
However, we did not find any association between WHR 
and hsCRP level in our study.

We did not find any factors associated with the hsCRP 
level in women with PCOS. With regard to the correlation 
between hsCRP and BMI, it should be noted that we 
looked for a correlation between these two variables in 
each group. We found a strong positive correlation in the 
control group, but not in patients with PCOS. This sug
gests that once women have developed PCOS with its 
inflammatory state, obesity becomes a minor determinant 
factor of inflammation, probably because of the interplay 
of many additional factors associated with PCOS. No 
correlation was found between hsCRP level and HOMA- 
IR, and there was no association between the hsCRP level 
and various clinical parameters. These results are opposed 
to those of most previous studies on the same population.
9,16 This difference could be due to different population 
backgrounds. None of the studies reporting an association 

between hsCRP and HOMA-IR were done in sub-Saharan 
African populations. In addition, there are also some stu
dies that did not report any correlation between hsCRP 
level and HOMA-IR Index, suggesting that this might 
indeed be study- or population-dependent.29,30 Can the 
inflammation be due to another cause? Studies suggested 
an association between the presence of low-grade chronic 
inflammation and infections, such as Chlamydia trachoma
tis or Helicobacter pylori, which are highly prevalent in 
our context.31–33 Future studies could explore the presence 
of these infections in PCOS women, with low grade 
chronic inflammation, especially Chlamydia trachomatis 
infection, known to be frequent and to be strongly asso
ciated with infertility.34

Strength and Limitations
As a strength, we matched patients and controls for age 
and BMI, which are confounding factors for the occur
rence of insulin resistance and inflammation.35,36 As lim
itations, prior to inclusion, we did not carry out any 
biological examinations for acute or chronic inflammation. 
However, women who had high levels of inflammatory 
markers – suggestive of any acute inflammation – mea
sured within the framework of the study, were excluded 
from the analysis. The reference test for determining the 
level of insulin resistance is the hyperinsulinemic eugly
cemic clamp.37 It is laborious and expensive to carry out 
and requires an average of 2–3 hours, hence its use is 
reserved for a few research studies. In our study, we 
used an index obtained on a fasting sample, notably the 
HOMA-IR index, which has a very strong correlation with 
the reference test (r=0.88).38

Conclusion
Patients with PCOS have low grade chronic inflammation 
represented by higher levels of hsCRP, and a higher level 
of insulin resistance compared to controls. However, obe
sity and the specific characteristics of PCOS are not asso
ciated with this inflammation. Identification of factors 
associated with this low-grade chronic inflammation in 
PCOS, like the presence of some pathogens, requires 
further study.

Abbreviations
BMI, body mass index; C.V, coefficient of variation; DBP, 
diastolic blood pressure; HOMA-IR, homeostasis model 
assessment of insulin resistance; hsCRP, high sensitivity C 
reactive protein; IL-6, interleukin 6; PCOS, polycystic 
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ovary syndrome; SBP, systolic blood pressure; SD, stan
dard deviation; WHR, waist-to-hip ratio.
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