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ABSTRACT 
Background: The synthetic hormonal contraceptive usage among women has raised serious health concerns. This investigative 
study designed to evaluate the altered manifestation of blood inflammatory biomarkers (CRP, IL-6) and serum enzymes (LDH, 
ALP, ALT, GGT) levels in oral hormonal contraceptive users and control group. 

Materials and Methods: This descriptive study was conducted at Gomal Medical College and Mufti Mahmood Memorial 
Teaching Hospital, D.I. Khan, Pakistan, from September 2019 to July 2020. Following informed consent, (n=90) individuals 
were enrolled consisting of (n=50) oral hormonal contraceptives users and (n=40) non-contraceptives user women as control. 
The information about age, reproductive & medical history, nature of menstrual cycle, chronic diseases and intake of any 
medication were obtained on a self-developed questionnaire. 

Results: SerumIL-6, ALT, ALP & LDH levels of OCs user was significantly elevated from non-user group with p<0. 
0001.Pearson coefficient analysis showed highly negative correlation (r=016% (-)) between ALT & LDH, whereas, a positive 
correlation (r=80% (+)) between ALP & GGT levels. 

Conclusion: Inflammatory markers and enzymatic analysis showed significantly high IL-6, ALT, ALP & LDH levels in OC 
users that indicate acute inflammatory conditions. These findings suggest that OCs pills impair hepatic function and induces 
inflammatory condition in the body. 
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INTRODUCTION 

Today, the excessive exogenous female hormones usages as 
oral contraceptives have risen concerned regarding their 
deleterious effects on women health. Several epidemiological 
studies have reported the association between use of 
exogenous female hormones and ovarian cancers. It is 
estimated that millions of women are using contraceptive 
containing either combination of hormone, estrogen and 
progesterone, or progesterone alone. These contraceptive pills 
act as follicle-stimulating hormone and luteinizing hormone 
suppressors by decreasing ovarian metabolic activities and 
ovulation. The estrogen and progesterone containing OCs 
make cervical mucus thick which block the sperm 
penetration, thus ovulation [1]. The hormones contain in oral 

contraceptive pills are similar to the naturally endogenously 
produce hormone by the female ovaries. Women become 
fertile upon withdrawal of these hormonal OCs pills [2]. 
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To prevent ovulation, implantation and sperm penetration into 
ovum, hormonal contraceptives are using in clinical practice 
for more than 70 years. Many hormonal methods are available 
nowadays other than oral pills such as vaginal rings, 
transdermal patches and intrauterine systems. Although, 
several studies have suggested that OCs is useful in 
preventing of pregnancies but several side effects have also 
been reported such as myocardial infarction, coronary 
atherosclerosis, breast cancer and hepatocellular carcinoma 
[3]. Inflammatory processes are involved in the pathogenesis 
of vascular events. Many inflammatory biomarkers in the 
plasma have been used as potential tools for evaluation and 
prediction of the risk of vascular events. The systemic 
inflammation markers are found to be promising indicator of 
pathological conditions, these markers include liver 
synthesized C-reactive protein and cytokines such as IL-1& 
IL-6. The plasma CRP level serves as a systemic 
inflammatory marker for assessment of risk for 
cardiovascular diseases. Previous studies have suggested that 
proinflammatory cytokines are positively correlated with the 
severity of the atherosclerotic process and plasma CRP levels. 
The elevation in plasma CRP levels has been reported with 
the usage of combination oral contraceptives [4]. In clinical 
settings, CRP, IL-1, IL-6, serum amyloid A and soluble 
intercellular adhesion molecule-1 (slCAM-1) levels use in the 
detection and identification of individual which are at risk of 
development of vascular events. The important component of 
innate immune system is CRP, produce by hepatocytes in 
response to interleukins (IL-6, IL-1𝛽𝛽& IL-17) and tend to 
bind with ligands for elimination and complement activation. 
Serum inflammatory biomarkers elevation are considering as 
significant prognosticators of future cardiovascular events. 
Mostly, increase in the plasma CRP level is considered as 
hepatic response to acute inflammation [5]. 

Several studies explained that a common problem female 
reproductive age is Polycystic ovary syndrome (PCOS), 
which have different phenotypes with respect to ovary 
morphology, androgen levels, dyslipidemia, oligo-
anovulation, dysglycemia, and fat body mass. Various PCOS 
phenotypes leads to chronic inflammation by elevating the 
levels of mediators of endothelial dysfunction in blood and 
also causes atherosclerosis [6]. Among inflammatory 
biomarkers, principal markers include TNF-𝛼𝛼, follistatin, IL-
1, IL-6, homocysteine (Hcy), CRP and white blood cells 
(WBCs). The multiple phenotypes and complex 
pathophysiology of PCOS may leads to initiation of the 
inflammatory process and use of combined oral 
contraceptives (COCs) in PCOS could worsen or potentiates 
the risk of cardiovascular disease (CVD). Serval studies have 
reported a positive correlation between the severity 
endothelial dysfunction, atherosclerotic process and plasma 
CRP concentrations in patients [7]. The process of 
angiogenesis and cell proliferation increases inflammation 
related biological effects, this may result in body inability to 
cope with OCs induced oxidative stress and apoptosis. The 

global inflammatory biomarker, CRP is reported as 
prognostic markers of cancer risk, as its level is found to be 
very high in women with malignant as well as benign ovarian 
tumors [8]. Other biomarkers of inflammatory (TNF-α, IL-1, 
IL-6) also involve in ovarian carcinogenesis. The production 
of various cytokines is stimulated by TNF-α and IL-6, that 
increases the expression level of cellular adhesion molecules 
and their serum levels have been found to be significantly 
high in ovarian cancer. Previous studies reported increased 
risk of ovarian cancer in female with highest quartile of IL-6 
level as compare to females with low quartile [9]. 

After menopause, either progesterone or estrogen or both are 
using in hormonal replacement therapy in women, but this 
therapy is reported to be associated with incidence of cancer 
[10]. Several in-vivo and in-vitro studies reported estrogens 
and synthetic progestins as genotoxic. Estrogen and synthetic 
progesterone are present in a definite proportion in various 
oral formulations. Though, composition of OCs pills diverges 
from country to country on the basis of pharmacogenomics. 
Many reports are available on the genotoxic potential in those 
females using steroid hormones as an OCs [11]. The 
mechanism of development of tumor by progestins is not 
clear. Previous studies reported that procarcinogens are 
converted into carcinogens by homo-oxygenases and 
correlation between sex hormones and the carcinogens is not 
known, however a series of epigenetic and genotoxic changes 
have been observed in OC users [12]. Previous in vitro studies 
found that synthetic progestin induced significant oxidative 
stress by increasing production of reactive oxygen species 
(ROS) in body which is the underline cause of numerous 
pathological conditions [13]. Increase in the serum ALP 
levels are related with liver and bone disorders, whereas, GGT 
secretes from cell of biliary tract and elevation of GGT levels 
indicates biliary tract obstructive diseases and liver cancers. 
The serum LDH levels use to diagnose myocardial infarction 
or heart attack. Increase in serum ALT level indicates hepatic 
dysfunction. It is difficult to determine whether increase in the 
level of detoxifying enzymes is due to adaptive changes in 
hepatocyte cause by larger doses of drugs or due to enhance 
metabolic activity of liver. The objective of current work was 
to evaluate the level of inflammatory markers in peripheral 
blood samples of oral hormonal contraceptive users and non-
OC users as control group and examine the correlation 
between levels of inflammatory markers (CRP, IL-6, LDH, 
ALP, ALT and GGT). 

MATERIALS AND METHODS 

In the present clinical investigative study, fifty women were 
selected who were using OCs pills at least from last four 
months and forty non-OCs pills user women were recruited as 
control group. The ages of both group women were in 
between 25 and 34 years and all subjects were belonging to 
District D.I. Khan, KPK, Pakistan. This study exclusion 
criterion comprised on those subjects having recent history of 
bacterial, viral or fungal infection, recent surgery, 
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malignancy, diabetes, pregnancy, inflammatory diseases and 
taking any medication. After taking written informed consent, 
required information about their health, family medical 
history and physical activities was obtained from enrolled 
subjects on a self-developed questionnaire [14]. In this study, 
sample size was calculated according to the method of Charan 
and Kantharia [14]. The cumulative error was kept at 0.05. 

Peripheral blood sample (5ml) was drawn from each subject 
through disposable syringe by venipuncture. Blood was 
immediately transferred into plain blood collection tube and 
incubated whole blood for one hour at room temperature for 
clot formation. Thereafter, centrifugation was performed at 
3000 rpm for 10 min and serum sample was aspirated and 
stored in appendroff tube at -10°C till further investigation. 
Each appendroff tube was labeled with subject identification 
codes. 

Interlukine-6 

Serum Interlukine-6 (IL-6) was measure in OCs user and non-
user groups by using 96-well human Interleukin-6 (IL-6) 
ELISA Kit, IBL International (BE53061). Briefly, serial 
dilution (pg/mL) of standard protein was prepared using1X 
Assay Buffer for calibration curve was preparation. Briefly, 
1xAssay Buffer (100µl) was added in the blank and sample 
wells before adding 50μl of serum samples and incubated at 
room temperature for 2.5 h. Thereafter, reaction mixture was 
aspirated and plate was 4-times washed with 1X wash 
solution previously diluted with distilled and biotinylated 
antibody (50µl) was added in each well and incubated for one 
hour. Following washing, aspiration and blot drying, 
streptavidin solution (100µl) was added in each well and 
incubated for 45 min. TMB substrate. (100µl) added and 
incubation in the dark for 30 min. Finally, stop solution (50µl) 
was added and OD was measured at 450 nm by a microplate 
reader (Stat Fax 4200, Awareness Technology, Inc, USA). 

C-Reactive Protein

The concentration of CRP was determined in serum samples 
of OCs group (n=50) and control group (n=40) through CRP 
latex agglutination kit, Fisher scientific (22-415-112). The 
latex agglutination test was performed according to the 
manufacturer’s guidelines [16]. 

LDH, ALP, ALT and GGT 

Serum LDH, ALP, ALT and GGT levels in both, OCs user 
group and control group were determined by performing test 
on automated chemistry analyzer (Micro lab 300, France) 
using HUMAN, (Germany) test kits. 

Statistical Analysis 

Descriptive and inferential analysis were made using IBM 
SPSS version 20. Statistical selected samples of 90 subjects 
were analyzed to measure average difference responses 
between various biochemical parameters between active and 
control group. Because it was a scaled data and for the 

statistical comparison of average variation the statistical 
method prescribed by Wilcoxon, (1935) t-Test for 
independent samples used. To evaluate the behavior of 
observed data normal bands are descriptively analyzed. To 
observe the strength of linear movement of blood 
characteristics is analyzed by Pearson Coefficient of 
correlation. Volatility is measured through the coefficient of 
variation a strong statistical measure the consistency of data 
set. 

RESULTS 

In this investigative study, there was statistically significant 
difference was observed in mean ages (29.64 ±2.65 years) of 
OCs group women and mean ages (28.65 ±2.79 years) of non-
OCs user control group with p=0.05. Serum biochemical 
analysis revealed significant elevation in serum IL-6 with 
mean values 6.32±0.93 pg/mL of OCs group in comparison 
to IL-6 mean values 5.62±0.91 pg/mL of non-OCs user with 
p<0.0005. (Table 1, Figures 1 and 2) Statistical analysis 
revealed significant difference in the average behaviors of IL-
6. Statistical analysis revealed positive Pearson Correlation
0.712 between OCs group ages and IL-6. (Table 2).

Table 1. Distribution of OC pills user subjects based upon 
number of months of using hormonal oral contraceptives. 

Oral Contraceptives use 
(month) OCs user (n=50) 

4-6 02 

6-8 13 

9-12 11 

13-16 14 

17-20 10 

Serum CRP determined by latex agglutination method; 
therefore, CRP level is quantifiable not statistical measurable. 
Among fifty OCs user women, CRP test of twenty-nine were 
CRP negative and twenty-one showed CRP positive 
(undiluted) result with concentration of 6 mg/L. All non-OCs 
user women were CRP-negative (Table 3). The liver 
synthesized enzymes were assessed in OCs user and non-user 
group, it was observed that level of serum ALT was in normal 
ranges (10 to 46 u/l), but was raised significantly in OCs users 
with mean values 30.76±2.89 as compare to mean values 
24.11±1.43 of OCs non-user control group with p<0.0001. In 
contrast, mean values 153.64±7.73 of serum ALP levels of 
OCs user group was not only higher than reference ranges (44 
to147 u/l), but also significantly elevated than mean values of 
107.48±3.79 non-OCs user group with p<0.0001.  Serum 
analysis showed that GGT level of OCs groups were in 
normal ranges (9 to 48 u/l) and non-significant difference in 
mean values 23.59±1.66 of OCs group and mean values  
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Figure 1. Box plots of biochemical parameters (IL-6, ALT, ALP, GGT, LDH) of OCs user and non-user control group. Highest 
and lowest values are indicated by the whiskers, while median value is shown by the line across. 
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Figure 2. Detrended normal P-P plot of biochemical parameters (IL-6, ALT, ALP, GGT, LDH) of OCs user and non-user 
control. These probability plots indicating closely agreement of two data sets, when two cumulative distribution functions are 
plotted which against each other. 
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Table 2. Statistically correlations between serum cytokine (IL-6) and enzymes (ALT, ALP, GGT, LDH) in OCs user and non-
OCs users’ group. 

IL-6 ALT ALP GGT LDH 
Age 
Pearson correlation 0.71247 0.73973 -0.011 0.80246 0.71099 
N 50 50 50 50 50 
IL-6 
Pearson correlation 1 0.74369 0.80085 0.89463 0.7163 
N 50 50 50 50 50 
ALT 
Pearson correlation 0.74369 1 0.80189 0.92913 -0.0167
N 50 50 50 50 50 
ALP 
Pearson correlation 0.80085 0.80189 1 0.80549 0.80191 
N 50 50 50 50 50 
GGT 
Pearson correlation 0.89463 0.92913 0.80549 1 0.80501 
N 50 50 50 50 50 
LDH 
Pearson correlation 0.7163 -0.0167 0.80191 0.80501 1 
N 50 50 50 50 50 

23.23±1.51 of serum GGT in control group with p=0.103 
(Table 4, Figures 1 and 2). Statistical analysis confirmed 
significant difference in the average behaviors of serum ALT 
and ALP in OCs user and control group. Pearson correlation 
analysis showed positive correlation 0.802 between OCs 
women age and GGT, while highly negative correlation -
0.016 was observed between serum ALT and LDH levels of 
OCs user group. A moderate nature of relationship showed by 
the correlation co-efficient showed. GGT and ALT had a 
direct relationship inverse relationship; while weak 
relationship between IL-6 and ALT was observed with 0.743. 
(Table 2). 

OCs group women also showed significant difference in mean 
values 166.26±25.21 of serum LDH levels in comparison to 
control group LDH mean values 150. 08±28.19 with 
p<0.0001, however, serum LDH values of both, OCs users 
and non-users were in reference ranges (100 to 190 u/l) 
(Table 4, Figures 1 and 2) Furthermore, statistical analysis 
also indicated that LDH had positive correlation with serum 
ALP and GGT levels with 0.801 and 0.805 respectively 
(Table 2). 

DISCUSSION 

Globally, the most commonly use form of hormonal 
contraception is the oral contraceptive pill Previous studies 
highlighted that estrogen progesterone combined hormonal 
contraception are effective in providing protection against 
pregnancy and are using by most of the women. The excessive 
hormonal contraception use is associated with various 
medical conditions especially cardiovascular complications. 
Previously developed OC pills contained increase estrogens 

Table 3. Serum CRP levels of OCs user group (n=50) as 
compared with non-OCs users control group (n = 40). CRP 
was measured through latex agglutination method undiluted 
positive samples result showed CRP 6 mg/L. 

CRP-
Negative 

CRP Positive 
Undiluted 1: 2 1: 4 

(6 mg/L) (12 
mg/L) 

(24 
mg/L) 

OCs 
user 
(n=50) 

29 21 - - 

Non-
OCs 
user 
(n=40) 

40 - - - 

Table 4.  Descriptive statistics of all study samples of OCs 
pills users and non-OC pills user, tested for Cytokine (IL-6) 
and serum enzymes (ALT, ALP, GGT, LDH). 

Biochemical 

Parameter 

OCs user 

(n=50) 

Non-OCs 

user (n=40) 
Df p Value 

IL-6 (pg/mL) 6.32±0.93 5.62±0.91 75 <0.0005 

ALT (u/L) 30.76±2.89 24.11±1.43 76 <0.0001 

ALP(u/L) 153.64±7.73 107.48±3.79 75 <0.0001 

GGT (u/L) 23.59±1.66 23.23±1.51 73 0.103 

LDH (u/L) 166.26±25.21 
150. 

08±28.19 
71 <0.0001 
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and progestins concentrations that was causing intolerable 
adverse effect like headache, nausea, vomiting, irregular 
bleeding, obesity and venous thromboembolism. Enovid 10, 
was the first marketed OC pill which was contained progestin 
norethynodrel (9.85mg) and estrogen mestranol (150μg). 
Today, reduce estrogens and progestins containing pills are 
using to control the posology. The OCs pills which are using 
now a days contain low hormone doses, modern progestins 
(0.1 to 3.0mg) and estrogens (20 to 50μg) [17]. Currently, 
various considerable modifications in OCs regimes have been 
made in order to reduce dosage frequency, menstruations 
duration and other related adverse effects for instance, 
dysmenorrhea and intermenstrual migraine. In clinical 
setting, the extended-release OCs pills are more appreciating 
because they are more effective in preventing pregnancies as 
compare to traditional OCs regimes and also provide 
improved outcomes in terms of menstrual symptoms [18]. 
Literature review reported many pathological conditions are 
associated with the use of OCs pills. Inflammatory processes 
are involved in OCs induced pathological conditions and 
many plasma inflammatory markers have been used as 
potential tools for early prediction of the OCs induced 
diseases or vascular events. Among these markers, systemic 
inflammatory biomarkers produced by liver such as CRP, 
cytokines (Tumor necrosis factor-alpha, interleukin-6) and 
monocyte chemotactic protein-1 [19]. 

With this background information, we intended to investigate 
serum pro-inflammatory cytokine (IL-6) and liver enzymes as 
biomarkers related to bodily inflammation process and hepato 
cellular damage. These biomarkers were evaluated in serum 
samples of OCs user (n=50) and non-OCs user (n-40) group 
through ELISA and photometry-based assay. The study 
results revealed significant elevation in serum IL-6 levels in 
OCs user group as compare to non-OCs user group with 
p<0.0005. These findings support previously studies 
performed on OCs user to determine the hormonal 
contraceptive effects on plasma inflammatory cytokines 
levels and found both, oral and vaginal contraceptive users 
showed significantly high (p< 0.0001) IL-6 and CRP levels as 
compare to non-users. Furthermore, positive correlation was 
observed between IL-6 and CRP [20]. In contrast, Rooijen 
[20] observed significant high CRP level in OCs user with
unaffected serum TNF-𝛼𝛼 and IL-6 levels, they attributed that
elevation of CRP is not linked with direct metabolic hepatic
activation but by generation of CRP by non-hepatocytes [21].

In present study, we found that 42% OCs users showed serum 
CRP levels (6 mg/L), and 58% OCs user women and control 
group showed negative CRP test. (Table 1). The elevation in 
serum CRP level in OCs group was also in agreement with 
the findings observed by Piltonen [21] they studied combined 
hormonal contraceptives effects in women [22]. Karim [22] 
conducted a prospective study on postmenopausal women and 
found significantly increase in four inflammatory markers 
(CRP, IL-6, serum amyloid A & sICAM-1) in 122 women 
with history of cardiovascular events in comparison to control 

group comprise of 224 women with no history of 
cardiovascular events and concluded these biomarkers as 
potentially predictors of future cardiovascular events [23]. 
Rooijen [20] explained that plasma CRP is hepatic response 
to inflammation and there consider as inflammatory marker. 
They also showed significant high level of CRP among OCs 
users as compare to control [21]. Divani [13] evaluated 
hormonal contraceptive effects among female subjects who 
were using combined OCs and combined vaginal 
contraceptive and observed elevated CRP level in both oral 
and vaginal contraceptive users and CRP levels were 
positively correlated with IL-6 and sTNF-RI [14]. High 
plasma CRP levels have been confirmed in previously 
performed studies on OCs user women as compare to control 
and they concluded that elevated plasma CRP is related with 
moderate to high risk of future cardiovascular events [8]. In 
another study, metabolic and cardiovascular parameters were 
evaluated in OCs user women and those women who were 
using levonorgestrel-releasing intrauterine device and study 
results revealed significantly high systolic and diastolic blood 
pressure and elevated inflammatory indices (C-reactive 
protein). They concluded that OCs usage linked with adverse 
findings in cardiovascular, metabolic, and inflammatory 
parameters that can serve as predictor of cardiovascular 
events and metabolic disorders [24]. 

Earlier studies have documented the use of OCs pills linked 
with the development of benign hepatic adenoma. The 
mechanism of development of tumor by progestins is still not 
clear, however, it is proposed that procarcinogenes are 
converted into carcinogens by the progestins induced 
homooxygenases [25]. In this study, serum enzymatic (ALT, 
ALP, GGT, LDH) profile was assessed among OCs users and 
non-users’ group. In the present work, liver health status of 
OCs users was assessed through the estimation of serum ALT 
levels, and found significantly elevation in comparison to 
non-OCs user group with p<0.0001, though, serum ALT 
values were in normal ranges. While in OCs user group, 
serum ALP was not only significantly raised as compare to 
control group with p<0.0001, but was also high from 
reference range. But no statistically significant difference was 
observed in serum GGT level between OC user and non-user 
group with p=0.103. Serum LDH levels of OC user group 
were in normal ranges but in comparison to control group, 
LDH level was significantly high with p<0.0001 (Table 1, 
Figure 1). In OC user group, average behaviors of serum 
ALT, ALP and LDH was significantly change, a positive 
correlation was observed between LDH and ALP and highly 
negative correlation between serum ALT and LDH levels of 
OCs user group. (Table 2) Similarly, increase in serum LDH 
was found among OCs users by Naz [25] they reported 
increased use of OCs pills can alter normal lipids and serum 
enzymes profile among OCs users [26]. Oral contraceptives 
pills induced hepatotoxicity was also studied in female rabbits 
by Ekhato [26] they found total bilirubin, AST and ALT 
levels were significantly increased in OCs given female 
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rabbits and suggested that regardless of OCs pills dosages, 
hepatotoxicity is associated with them [27]. Also, Walch [27] 
observed significantly increase (p<0.05) in liver enzymes 
(ALT, AST and ALP) activities in patients that were receiving 
DMPA. This increase in enzyme activity was attributed to 
altered liver enzymes metabolism and/or integrity of liver 
membrane may be compromised. 

CONCLUSION 

In conclusion, we observed even though estrogens produce in 
women body, but its daily intake in the form of OCs pills may 
increase estrogen concentration in the body. The prolong OCs 
pills use elevates systemic inflammatory marker and liver 
enzymes in blood that in clinical terms can be associated with 
acute/chronic inflammation or low degree of severity disease. 
This increase in biochemical parameters may be due to altered 
hepatic metabolism or due to inflammatory response. These 
biochemical parameters must be examining continuously as 
estrogens has mitogenic activity. 

RECOMMENDATIONS 

We recommend that OCs user women must undergo periodic 
liver tests for early detection and diagnosis of OCs induce 
hepatotoxicity. Furthermore, intake of liver tonic can 
maintain liver membrane integrity. 
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