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Abstract

Hormonal contraception is associated with increased risk of obesity and cardiovascular diseases in women. We
therefore studied the effect of different methods of contraception on insulin resistance and an inflammation
biomarker. A total of ninety women were recruited - 25 implant contraceptive (IMC) users, 25 injectable
contraceptives (INC) users, 10 oral contraceptive (OC) users and 10 intrauterine contraceptive device (IUCD)
users, 20 non contraceptive users who served as controls. Anthropometric measurements were made and
blood samples were collected for the determination of fasting plasma glucose (FPG), serum insulin and high
sensitivity C-reactive protein (hsCRP), while Homeostasis model of assessment of insulin resistance (HOMA-IR)
was calculated. We observed a significantly decreased HOMA-IR and serum insulin, in the IMC, INC and OC
groups compared with the control. There was also significantly elevated waist circumference, waist-hip ratio
and diastolic blood pressure in the test groups compared with the controls. In implants users, hsCRP showed a
significant positive correlation with WC and FPG. In injectable users, hsCRP showed a significant positive
correlation with BMI and WC. This study showed decreased serum insulin concentration among women using
hormonal contraceptives and an association between serum hsCRP level and Waist circumference in them.
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INRODUCTION

Background

Contraception is the intentional prevention of conception
using various pharmaceutical and non-pharmaceutical
interventions as well as modified sexual practices (Centers
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for Disease Control and Prevention, 2019). Through the
use of contraceptive devices, couples and individuals
have demonstrated their basic right to decide freely and
responsibly if, when and how many children to have. The
emergence of contraceptive methods has resulted in not
only improved health-related outcomes such as reduced
maternal mortality and infant mortality, but also improved
socio-economic outcomes, especially for girls and women



(Duane et al., 2022).

Apart from preventing unintended pregnancy,
hormonal contraceptives (HCs) are also used in
minimizing the risk of gynaecological (i.e. ovarian and
endometrial) cancers, regulating the menstrual cycle,
controlling acne as well as pre-menstrual and menstrual
symptoms (Michels et al.,2018; Chikandiwa et al., 2018;
Smith 2019; Huber, 2008). In 2015, the global prevalence
of contraceptive use among married or in-union women
was 64%, with a much lower incidence in the least
developed countries (40 per cent) and particularly low in
Africa (33%) (United Nations, 2015). Also, a Nigerian
study revealed that 44% and 59% incidences of current
history of contraceptive use respectively (Bertrand et al.,
2014). The active components of HCs are mainly
progesterone and oestrogen with the resultant effect of
gonadal suppression preventing ovulation and inhibition
of sperm penetration by increasing cervical mucus
viscosity (Nelson and Cwaik, 2011; Speroff and Darney,
2011).

A number of complications and side effects have been
reportedly associated with the use of HCs (Sabatini et al.,
2011; Stoco et al., 2013; Cagnacci and Biasioli, 2021).
These include tolerability issues, nausea, breast
tenderness, weight gain, menstrual cycle disturbances,
water  retention, perimenstrual symptoms  and
hypertension (Leo et al., 2018); as well as venous and
arterial cardiovascular complications (Kasal and Lorenzo,
2020). These side effects are of great clinical importance
and have over the years resulted in many important
changes in the composition and use of these
preparations to reduce the side effects. Amongst all the
side effects, young women are especially concerned with
issues of weight gain. HC use have also been linked to a
greater risk of cardiovascular disease, dyslipidemia,
myocardial infarction, venous thromboembolism (Khader
et al., 2003, Baillargeon et al., 2005, Kluft, 2007).

Insulin resistance (IR), a reduced physiological
response of peripheral tissues to the action of insulin, is
significantly associated with obesity, type 2 diabetes
mellitus (T2DM) and plays a critical role in the
pathogenesis of cardiovascular diseases (CVDs)
(Ginsberg and Mac Callum, 2009; Deveci et al., 2009). It
manifests as decreased insulin-stimulated glucose
transport and metabolism in adipocytes and skeletal
muscle as well as impaired suppression of hepatic
glycolysis (Reaven et al., 2006). These functional defects
may result, in part, from impaired insulin signaling in all
three target tissues and, in adipocytes, also from down-
regulation of the major insulin-responsive glucose
transporter, GLUT4 (Griffin et al., 2000). Attendant
features associated with insulin resistance include
dyslipidaemia and oxidative stress which may have a
propensity towards a proinflammatory state or acute
phase response.

The homeostasis model of assessment of insulin
resistance (HOMA-IR), a mathematical model that
includes interactions between fasting plasma insulin and

fasting plasma glucose concentrations, has proven to be
a reliable tool for the assessment of insulin resistance
(Antunes et al., 2016). It is an alternative to the glucose
clamp and is the most commonly used surrogate
measure of insulin resistance in vivo (Alireza et al., 2007,
Cazzo et al., 2017). Measurement of the inflammatory
biomarker High sensitivity C-reactive protein (hsCRP)
has been proposed for assessment of risk for
cardiovascular disease.

The higher risk of cardiovascular events has been
associated with changes in lipid metabolism through the
modification of low-density lipoprotein (LDL) and high-
density lipoprotein cholesterol (HDL-C) levels (Fazio et
al., 2010) and the chronic subclinical inflammation (Petto
et al.,2013).

High-sensitivity C-reactive protein (hsCRP) is the best
biomarker of chronic subclinical inflammation and is
associated with the risk of cardiovascular diseases
(Fonseca and de Oliveira-lzar, 2016). It has been
reported to be a strong and independent predictor of
myocardial infarction, ischemic stroke, type 2 diabetes,
and hypertension (Li et al., 2016). An emerging body of
evidence documents associations of elevated CRP
concentrations in individuals with IR (Kanmani et al.,
2019; Missel et al., 2021)

Hormonal contraceptives are widely used with
notable metabolic side effects of obesity and increasing
cardiovascular disease risk. It is therefore important to
determine relationship between insulin resistance and
inflammatory biomarkers in users of hormonal
contraceptives.

This study is therefore aimed at assessing the
relationship between hsCRP and insulin resistance in
women using hormonal contraceptives.

MATERIALS AND METHODS
Subjects

A total of ninety (90) participants were recruited for this
study after obtaining ethical clearance from Babcock
University Health Research and Ethics Committee as well
as the Ethical Committee of Lagos State Primary Health
Care Board.

Purposive random sampling technique was used to
recruit women of reproductive age (20 — 45 years)
comprising twenty five (25) using progestin-only implant
contraceptives; twenty five (25) using progestin-only
injectable contraceptives; ten (10) using combined oral
contraceptives (Progestin/estrogen); ten (10) using
Copper T 3804 intrauterine contraceptive device (non-
hormonal); and twenty (20) not using any of these
contraceptive methods who served as controls. The
contraceptive users have been on specified
contraceptives for up to 48 months (60.2 + 5.8 months).
The control subjects were ensured to be age-matched,
apparently healthy, non-pregnant women from the same
locality. All subject consented to participate in the study



through writing.
Sample Collection and Biochemical Analyses

Venous blood sample (4mL) was collected from each of
the study participants, after overnight fast which lasted for
10-12 hours. Two millilitres of blood sample was
dispensed into fluoride oxalate bottle for the assay of
fasting plasma glucose (FPG) which was performed
within 6 hours of sample collection, while the remaining
2mL was dispensed into plain bottle and was centrifuged
at 4000 rpm for 3 minutes to obtain serum which was
aliquoted into small vial and stored at -20°C until the time
of analysis for serum insulin. Plasma glucose was
determined by the glucose oxidase method (Randox
Laboratories Ltd., UK). Serum insulin was determined
using ELISA (Calbiotech, USA) as previously described
(Adediji et al., 2016).

Principle of ELISA

In this assay, the antigen — insulin or CRP present in
each sample reacts with its corresponding antibody
adsorbed to the surface of solid-phase polystyrene
microtitre wells. On removal of unbound proteins by
washing, the antibodies conjugated with horseradish
peroxidase (HRP) form complexes with the previously
bound antigen following the addition of a chromogenic
substrate, 3, 3, 5, 5-tetramethylbenzidine (TMB). The
absorbance at 450 nm is a measure of the concentration
of the 'antigen’ in the test sample.

ELISA Procedure

A gradient of standard concentrations were prepared
from the concentrated standard through serial dilution to
cover the expected assay range. One hundred microliters
of the standards and sera were pipetted into microwells
already coated with specific antibodies and incubated at
37°C for 90 min.

Following incubation, the wells were aspirated of their
contents without washing and 100yl of biotinylated
detection antibody was added to each well and incubated
for 60 minutes at 37°C, after which each well was
completely filled with appropriate wash solution.  The
plate was washed three times. One hundred microliters of
appropriately diluted enzyme-antibody conjugate was
pipetted into each well and the plate was incubated at
37°C for 30 minutes. After incubation, another process of
washing was performed as described above and 90l of
TMB substrate solution was added to each well. This was
followed by incubation for 15 minutes at 37°C after which
50ul of stop solution was added to each well. The
absorbance (at 450 nm) was determined using ELISA
reader. Concentration of analytes in each specimen was
determined by tracing the absorbance from the
calibration curve.

HOMA-IR and Biophysical Parameters

HOMA-IR was calculated using the formula as described
by Matthews et al. (1985): HOMA-IR = fasting plasma
insulin (uIU/mL) x fasting plasma glucose (mmol/L)/22.5.
Waist circumference (WC), and hip circumference (HC)
were measured using a meter tape; height was measured
using a stadiometer, and weight measured using a
clinical weighing scale. All measurements were taken
with appropriate precautions to minimize errors of
measurement. Waist-hip ratio (WHR) was determined as
waist circumference divided by hip circumference, while
body mass index (BMI) was calculated as BMI = weight
(kg) / height® (Kg/m?).

The Systolic blood pressure (SBP) and Diastolic blood
pressure (DBP) of subjects were measured using the
auscultatory method of Korotkoff with a mercury in-glass
sphygmomanometer and recorded as phase | and phase
IV Korotkoff sounds respectively.

Data Analysis

Data analysis was done using SPSS version18.0. All
values were expressed as meanzstandard deviation for
test and control groups. Comparison of variables was
done using ANOVA, Post-hoc test and Pearson’s
correlation was used to determine the relationship
between variables. P < 0.05 was considered to be
statistically significant

RESULTS

Table 1. shows the anthropometric and biophysical
parameters in the study participants. The results obtained
showed statistically significant increases in the mean
waist circumference and waist hip ratio among the
various groups of contraceptive users compared with the
controls. Also, systolic blood pressure and diastolic blood
pressure were higher in those who used implants and
injectable contraceptives than in those who used IUCD,
oral contraceptives and controls. There was however, no
significant difference in BMI among the various groups.
Table 2. shows biochemical parameters in the study
participants. There was a statistically significant decrease
in the HOMA-IR and serum insulin in the Implant users,
injectable users and oral contraceptive users compared
with the control group, while IUCD users had higher
values compared with the controls. There were no
significant differences in hsCRP and FPG among the
various groups.

Table 3. shows correlation between hsCRP,
anthropometric and other biochemical parameters in
users of implants. There was a significant positive
correlation between hsCRP and waist circumference
(r=0.784, p<0.005) and also a positive correlation
between hsCRP and fasting blood glucose ( r=0.939,
p<0.005). There was no significant correlation between



Table 1: Biophysical parameters in study participants

Parameters Implant Injectables IUCD Oral Control P —value
N= 25 N =25 N=10 N=10 N =20
BMI (kg/m2) 25.3+4.2 255 45 25.7+4.3 27.1+5.0 24.3+3.6 0.557
WC (cm) 85.5*+11.5 86.0% + 13.0 87.5*+12.2 87.8°+10.1 757%7.0 0.008*
WHR 0.80% £ 0.06 0.79% £0.07 0.81%+0.07 0.80°+0.06 0.73+0.04 0.001*
SBP (mmHg) 120*"°+16.3 119*°°+122 113+125 115+ 10.7 113+11.0 0.038*
DBP (mmHg) 80*°°+11.4 80*°+8.1 72+124 71+9.1 75+7.6 0.048*
* Statistically significant at P < 0.05
a- Significantly different from Control
b- Significantly different from [IUCD
c- Significantly different from Oral
Table 2: Biochemical parameters in study participants
PARAMETERS Implant Injectables IUCD Oral Control P —value
N= 25 N =25 N =10 N =10 N =20
HOMA-IR 2.72 £ 0.36*"°¢ 452+0.62%*"° 7.06+0.43%° 3.23+0.39° 524+0.28 .038*
hsCRP (mg/L) 0.3+0.03 0.3+0.04 0.3+0.03 0.4+£0.04 0.2+£0.02 451
FPG (mmol/L) 4.0+0.60 4.7+1.08 4.83+1.23 4.17 +0.64 4.1 +0.50 .548
Insulin 15.3 + 2.202P°¢ 21.7 +3.20*"° 32.9+3.42%° 17.6+1.47% 29.0+1.92 .048*
(uIu/ml)

* Statistically significant at P < 0.05
& Significantly different from Control
b Significantly different from I[UCD
°- Significantly different from Oral
— Significantly different from injectable

Table 3: Correlation between hsCRP, anthropometric and other biochemical parameters in implants

hsCRP R p-value
BMI 0.159 0.449
wC 0.784 0.042*
WHR 0.266 0.198
SBP 0.146 0.487
DBP 0.196 0.348
FPG 0.939 0.016*
Insulin 0.105 0.618
HOMA-IR 0.105 0.616

Table 4: Correlation between hsCRP, anthropometric and other biochemical parameters in injectables

hsCRP R p-value
BMI 0.601 0.001*
wcC 0.467 0.019*
WHR 0.219 0.293
SBP 0.785 0.057
DBP 0.228 0.274
FBG 0.246 0.236
Insulin 0.092 0.663
HOMA-IR 0.119 0.572

hsCRP and body mass index, waist hip ratio, systolic

blood pressure, diastolic blood pressure and insulin.

Table 4. shows correlation between hsCRP,
anthropometric and other biochemical parameters in
users of injectable contraceptives.

There was a

(r=0.467,

p<0.005).

significant positive correlation between hsCRP and waist
circumference
significant correlation between hsCRP and body mass
index, waist hip ratio, systolic blood pressure, diastolic
blood pressure, fasting blood glucose and insulin.

There was



DISCUSSION

In this study, we evaluated selected biochemical and
biophysical parameters of women using hormonal
contraceptives and non-hormonal IUCDs. These were
measured to assess the effect of different methods of
contraception on adiposity, insulin resistance and an
inflammatory biomarker - hsCRP.

In women using progestin-only implants, there was no
significant difference in FPG, while serum insulin was
significantly lower compared to control group. This
contradicts previous reports in which it was noted that the
synthetic  progestins are structurally similar to
testosterone and therefore produce androgenic side
effects with effect on metabolism as reduced insulin
sensitivity and glucose tolerance (Turner et al., 2019).
Surprisingly, we observed a reduced HOMA-IR in this
group of subjects compared with controls. A similar
pattern was seen among the oral and injectable
contraceptives group which had no significantly different
FPG, lower serum insulin and lower HOMA-IR compared
with controls. However in the IUCD group, serum insulin
is significantly higher compared with the other test groups
and the control group and the mean FPG was higher
but not statistically different when compared with

other groups. This could be due to the non-hormonal
origin of IUCD as the other methods of contraception are
hormone based.

In women who used combined oral contraceptive pills,
FPG value was increased but not statistically
significant when compared with control and other

test groups, while insulin was decreased, and the mean
value of HOMA-IR was significantly decreased compared
to the control group and IUCD users. The comparable
findings of FPG, serum insulin and HOMA-IR observed in
women on progestin-only contraceptives (implants and
injectables) as well as those on combined oral
contraceptives showed that despite their differing
composition  (progestin-only versus progestin  with
oestrogen) and the route of delivery (oral versus
parenteral), similar glycaemic levels were observed.
Since these are hormone-based contraceptives, it could
be concluded that the effects are observable in hormonal
contraception methods. Also, since insulin resistance is a
feature of dysglycaemia, it could be hypothesized that the
use of hormonal contraceptives can help mitigate
hyperinsulinaemia associated with metabolic disorders.

In women using IUCDs, the mean value of insulin and
HOMA-IR was significantly increased compared to that of
the controls and other test groups. The increased FPG
and decreased insulin levels observed among IUCD
users, were not statistically significant when compared
with control. This is in agreement with the results from
the study by Jamil et al. (2017) in which 54 women on
IUCD were examined and was reported to have high
FPG and low insulin level.

High sensitivity C-Reactive Protein (hsCRP) across the
test groups and control groups were similar and not
significantly different. This implies that the use of
contraception cannot be said to predispose one to
inflammatory conditions. However, Guedes et al. (2018)
reported an increase in the level of hsCRP in users of
hormonal contraceptives compared to non-users which
could indicate a subclinical inflammatory process. Users
of contraceptives should therefore pay attention to this
risk.

Also in this study, it was revealed that the mean
values of WC and WHR for the 4 test groups (oral, IUCD,
implants and injectable) although similar to each other
were significantly higher compared to the control group in
this study. Significantly higher values of SBP and DBP
were observed in users of implants and injectable
contraceptives compared to the control. The mean value
of SBP in OC users was higher than the control group but
it was not statistically significant. This agrees with the
study of Haroon and Naveed (2014) in which 90 women
examined were found to have higher SBP and DBP were
significantly higher in users of contraceptive compared to
the control groups. This further emphasizes that the use
of hormonal contraceptives leads to a steady increase in
SBP and DBP as reported by Kalenga et al (2022).

A positive correlation was observed between waist
circumference (WC) and hsCRP, and this is in agreement
with the study of Fatma et al. (2010) which reported that
systemic inflammation is associated with greater
adiposity as measured by waist circumference. Several
studies have shown that hsCRP is associated with most
obesity markers. The high fat mass in the abdominal
region measured by the waist circumference might lead
to the increased production of TNF-a and IL-6, which in
turn increase hepatic production of hsCRP (Marques et
al., 2012). The findings from this study also revealed a
positive correlation between hsCRP and FPG which is
consistent with a study reported by Du et al. (2005).

CONCLUSION

This present study showed that reduced serum insulin is
associated with the use of hormonal contraceptives which
might reveal insight into their use in the management of
dysglycaemic disorders. Also, there is an association
between serum hsCRP level and WC among women
using hormonal contraceptive. This shows that hormonal
contraception is associated with metabolic and
inflammatory  consequences, evidenced through
increased adiposity which might predispose users to

reduced insulin sensitivity as well as subclinical
inflammation.
REFERENCES
1. Centers for Disease Control and Prevention

(2019). Contraception. [online] Centers for Disease Control and
prevention. Available at:



https://www.cdc.gov/reproductivehealth/contraception/ind
ex.htm.

2. Duane M, Stanford JB, Porucznik CA, Vigil (2022).
Fertility Awareness-Based Methods for Women’s Health and
Family Planning. Frontiers in Medicine, 9.

3. Michels KA, Pfeiffer RM, Brinton LA, Trabert B
(2018). Modification of the associations between duration
of oral contraceptive use and ovarian, endometrial,
breast, and colorectal cancers. JAMA Oncology
4(4):516-521.

4, Chikandiwa A, Burgess E, Otwombe K, Chimoyi
L (2018). Use of contraceptives, high risk births and
under-five mortality in Sub Saharan Africa: evidence from
Kenyan (2014) and Zimbabwean (2011) demographic
health surveys. BMC Women'’s Health, 18(1).

5. Smith A (2019). Fertility awareness based
methods (FABMSs): evaluating and promoting female
interest for purposes of health monitoring and family
planning [Master's thesis]. University of Alabama,
Fayetteville, AL, United States.

6. Huber JC, Bentz EK, Ott J, Tempfer CB (2008).
Non-contraceptive benefits of oral contraceptives. Expert
Opin Pharmacother. 9(13):2317-2325.

7. United Nations, Department of Economic and
Social Affairs, Population Division (2015). Trends in
Contraceptive Use Worldwide 2015
(ST/ESA/SER.A/349).

8. Bertrand JT, Sullivan TM, Knowles EA, Zeeshan
MF, Shelton JD (2014). Contraceptive method skew and
shifts in method mix in low- and middle-income countries.
Int Perspect Sex Reprod Health. 40(3):144-153.

9. Nelson AL, Cwaik C (2011). Combined oral
contraceptives (COCs): In Hatcher RA, Trussell J, Nelson
AL, Willard Jr., Koval Deborah., Policar., Michael, S
(eds).Contraceptive Technology (20th Revised edition).
New York. Ardent Media. pp249-341

10. Speroff L, Darney PD (2011). Oral Contraception.
A clinical guide for contraception (5th ed). Philadephia:
Lippincott Williams & Wilkins p152.

11. Sabatini R, Cagiano R, Rabe T (2011). Adverse
effects of hormonal contraception. J. Reproduktionsmed.
Endokrinol , 8:130-156.

12. Stocco B, Fumagalli HF, Franceschini SA,
Marzocchi Machado CM, Torqueti Toloi MR (2013). The
Effect of Different Contraceptive Drugs on the Lipid
Profile of Brazilian Women. Pharmaceut Anal Acta 4:
208.

13. Cagnacci A, Biasioli A (2021). The Effect of
Hormonal Contraceptives on Metabolism. Trends in
Andrology and Sexual Medicine, pp.299-317.

14. Leo VD, Musacchio MC, Cappelli V, Piomboni P,
Morgante G  (2016) Hormonal contraceptives:
pharmacology tailored to women's health, Human
Reproduction Update, Volume 22, Issue 5, Pages 634—
646,

15. Kasal DAB, Lorenzo AD (2020). Oral
Contraceptives and Cardiovascular Risk: Adding Clinical
Evidence to the Pathophysiology. Int J Cardiovasc Sci 33 (3)

16. Khader YS, Rice J, John L, Abueita O (2003). Oral
contraceptives use and the risk of myocardial infarction:

a meta-analysis. Contraception 68: 11-17.

17. Baillargeon JP, McClish DK, Essah PA, Nestler
JE (2005). Association between the current use of low-
dose oral contraceptives and cardiovascular arterial
disease: a meta-analysis. J Clin Endocrinol Metab.
90(7):3863-3870.

18. Kluft C (2007). Effects of hormone treatment on
hemostasis variables. Climacteric, 10 Suppl 232-237.

19. Ginsberg HN, MacCallum PR (2009). The
obesity, metabolic syndrome, and type 2 diabetes
mellitus pandemic: Part |. Increased cardiovascular
disease risk and the importance of atherogenic
dyslipidemia in persons with the metabolic syndrome and
type 2 diabetes mellitus. Journal of the Cardiometabolic
Syndrome. 4(2), 113-119.

20. Deveci E, Yesil M, Akinci B, Yesil S, Postaci N,
Arikan E, Koseoglu M (2009). Evaluation of insulin
resistance in normoglycemic patients with coronary artery
disease. Clinical Cardiology: An International Indexed
and Peer Reviewed Journal for Advances in the
Treatment of Cardiovascular Disease. 32(1), 32-36.

21. Reaven GM (1995). Pathophysiology of insulin
resistance in human disease. 75:473-486.

22. Griffin E (2000). Free fatty acid-induced insulin
resistance is associated with activation of protein kinase
C theta and alterations in the insulin signaling cascade.
Diabetes 48:1270-1274.

23. Antunes LC, Elkfury JL, Jornada MN, Foletto KC,
Bertoluci MC (2016). Validation of HOMA-IR in a model
of insulin-resistance induced by a high-fat diet in Wistar
rats. Arch Endocrinol Metab. 60(2):138-142.

24, Alireza E, Ashraf H, Khalilzadeh O, Zandieh A,
Nakhjavani M, Rashidi A, Asgari F (2010). Optimal cut-off
of homeostasis model assessment of insulin resistance
(HOMA-IR) for the diagnosis of metabolic syndrome: third
national surveillance of risk factors of non-communicable
diseases in Iran (SuURFNCD-2007). Nutrition &
metabolism, 7(1):1-8.

25. Cazzo E, Pareja JC, Chaim EA (2017). Chapter
36 - Weight Loss Surgery and the Surrogate Insulin
Resistance Markers HOMA, TyG, and TG/HDL-c in
Relation to Metabolic Syndrome. [online] ScienceDirect.
26. Fazio G, Ferrara F, Alessandro GBC, Ferro F,
Novo G, Novo S. Protrhombotic effects of contraceptives.
Current Pharmaceutical Design. 2010; 16(1): 3490-3496
27. Petto J, Pereira LS, Santos ACN, Giesta BA,
Melo TA, Ladeia AMT (2013). Inflamacé&o subclinica em
mulheres que utilizam contraceptivo oral. Revista
Brasileira de Cardiologia. 26(6): 465-471.

28. Fonseca FAH, de Oliveira Izar MC (2016). High-
Sensitivity C-Reactive Protein and Cardiovascular
Disease Across Countries and Ethnicities. Clinics,
[online] 71(4):235-242.

29. Li J, Zhao X, Meng X, Lin J, Liu L, Wang C,
Wang A, Wang Y, Wang Y (2016). High-Sensitive C-
Reactive Protein Predicts Recurrent Stroke and Poor


https://www.cdc.gov/reproductivehealth/contraception/index.htm
https://www.cdc.gov/reproductivehealth/contraception/index.htm

Functional Outcome. Stroke, 47(8):2025-2030.

30. Kanmani S, Kwon M, Shin MK, Kim MK (2019).
Association of C-Reactive Protein with Risk of
Developing Type 2 Diabetes Mellitus, and Role of
Obesity and Hypertension: A Large Population-Based
Korean Cohort Study. Sci Rep 9, 4573.

31. Missel AL, Saslow LR, Griauzde DH, Marvicsin
D, Sen A, Richardson CR, Liu X (2021). Association
between fasting insulin and C-reactive protein among
adults without diabetes using a two-part model: NHANES
2005-2010. Diabetol Metab Syndr. 13(1):29.

32. Adediji 10, Adelakun AA, Adejumo EN, Olaniyi
TM, Imaralu J, Adepoju P, Adepoju VF (2017).
Inflammation rather than Oxidative Stress is a Better
Marker for Preeclampsia. Med J Obstet Gynecol 5(1):
1094.

33. Matthews DR, Hosker JP, Rudenski AS, Naylor
BA, Treacher DF, Turner RC (1985). Homeostasis model
assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in
man. Diabetologia. 28(7):412—-419

34. Turner AM, Donelan EA, Kiley JW (2019).
Contraceptive Options Following Gestational Diabetes:
Current Perspectives. Open Access J Contracept. 10:41-
53

35. Jamil S, Fatima S, Dilshad H, Khatoon H, Jawed
N (2017). Comparative effects of hormonal and non
hormonal contraceptives on fasting blood sugar levels. Int
J Pharm Sci Res. 8(7): 18-21

36. Guedes JVM, Nunes NR, Ferreira LGR, Vilar TG,
Pinheiro MB, Domingueti CP (2018). Evaluation of lipid

profile, high sensitive C reactive protein and D-dimer in
users of oral contraceptives of different types Brazilian
Journal of Pathology and Laboratory Medicine. 54(1)
1676-2444

37. Haroon S, Naveed AK (2014). Effect of hormonal
contraceptives on serum electrolytes and blood pressure.
J Postgraduate Medical Institute 28 (4):409 — 413.

38. Kalenga CZ, Dumanski SM, Metcalfe A, Robert
M, Nerenberg KA, MacRae JM, Premji Z, Ahmed SB
(2022). The effect of non-oral hormonal contraceptives on
hypertension and blood pressure: A systematic review
and meta-analysis. Physiological Reports 10, €e15267.

39. Fatma GH, Whisner S, Zarini GG, Nath S (2010).
Waist circumference and BMI in relation to serum high
sensitivity C-reactive protein (hs-CRP) in Cuban
Americans with and without type 2 diabetes. International
Journal of Environmental Research and Public Health.
7(3), 842-852.

40. Marques-Vidal P, Bochud M, Bastardot F,
Lascher T, Ferrero F, Gaspoz JM, Paccaud F, Urwyler A,
von Kanel R, Hock C, Waeber G, Preisig M, Vollenweider
P (2012). Association between inflammatory and obesity
markers in a Swiss population-based sample (ColLaus
Study). Obesity Facts. 5(5):734-744.

41. Du, Y., Rosner, B.M., Knopf, H., Schwarz, S.,
Déren, M & Scheidt-Nave, C (2011). Hormonal
contraceptive use among adolescent girls in Germany in
relation to health behavior and biological cardiovascular
risk factors. Journal of Adolescent Health. 48(4), 331-
337.



