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Biochemical Effects of Oral Contraceptives among Users: A Review
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Abstract: Oral contraceptives (OC) are widely used to prevent ovulation, implantation and therefore pregnancy.
The widespread use of the oral contraceptive pills provides an opportunity for assessing their influence on
various biochemical parameters i.e., enzymatic, serum lipid and proteins among users. Recent studies have
shown its implication in many diseases such as thromboembolic disease, myocardial infarction, circulatory
disorders and carcinogenicity. The negative effects on the liver and heart have also been reported due to high
serum cholesterol levels among OC for their possible biochemical effects.
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INTRODUCTION

By the early twentieth century, scientists were eager
to isolate and wanted to determine the formulation and
structural properties of synthetic hormones and they
found that the high doses of these synthetic hormones
inhibited ovulation. The synthetic progesterone
compounds that are used as an oral contraceptives are
Norethisterone and Norethynodrel. These compounds
were first tested 1n woman 1 1956 m the United States,
Puerto Rico and Haiti. The first pill that was launched as
an oral contraceptive for use contains the combination
of nor-19 progestin with a small amount of synthetic
estrogen as a trade name Enovoid (Junod and Marks,
2002). Now-a-days million of women of reproductive
age around the world use oral contraceptives
(Burkman, 2001). Over the decades, the use of oral
contraceptive pills 1s increasing in India (Sharma et al,
2001). In recent years, it is reported that the use of oral
contraceptive pills by women is increasing as the
government and various organizations are campalgning
for its use in order to avoid pregnancies especially in
developing countries like Nigeria (Emokpae et al, 2010).
According to Bulcvic et al (2000) oral contraceptives pills
that are synthesized chemically can be carcinogenic. For
avolding unwanted pregnancy the combined oral
contraceptives should be taken by users that consist of
the steroid hormone estrogens in combination with a
progestogen (IARC, 1979, IARC, WGECRH and
WHO, 1987). They are currently available in monophasic,
biphasic and triphasic preparations, depending on the
number of different doses of progestogen. Monophasic
pills mamtain a constant dose of estrogens and

progestogen, while multiphasic pills allow a lower total
dose of progestogen to be given by reducing the amount
of progestogen early in the 20-22 day period of exposure.
Progestin-only contraception is an option for women that
contain only progestin. The most common side-effects of
progestin  only contraception 1s complication in
pregnancy or eccysis and irregularity in menstrual cycle.
Oral contraceptives have been shown abrupt increase in
the sk of non-fetal myocardial infarction (Ory, 1977,
Mann ef al., 1975). Both single progestins and combined
oral contraceptive shows the genotoxic damage and risk
of cancers. Study stated that steroids shows genotoxic
damage at higher doses (Siddique et af., 2006, 2005,
Siddique and Afzal, 2004). The therapeutic doses are safe,
but care should be taken with regard to their
concentration as they may be genotoxic m the long term
use in humans (Siddique and Afzal, 2008; Siddique et af.,
2007; Siddique and Afzal, 2005). The Interational Agency
for Research on Cancer (TARC) concluded that progestins
(progestogens) are very much prone to carcinogenic to
humans. This risk 1s probably due to hormonal steroids,
since these steroids are very much carcinogemc to
humans (Brambilla and Martelli, 2002). The present
review gives a brief account of the studies carried out on
the biochemical effects of oral contraceptives among
users.

Biochemical effects: Estrogen increases the serum High
Density Lipoproten Cholesterol (HDLC) levels and
decrease the levels of Low-density Lipoprotein
Cholesterol (LDLC), where as progestogens have a
reverse effect i.e., they reduce High-density Lipoprotein
Cholesterol (HDLC) and raise Low-density Lipoprotein
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Cholesterol (LDLC) levels. The lipoprotein profile,
resulting from the use of oral contraceptive is therefore,
dependent on the balance between the potencies of the
estrogen and progestogen components. Although, the
high-dose progestogens contained in the older oral
contraceptives did raise Low-density Lipoprotein
Cholesterol (LDLC) and reduce High Density Lipoprotein
Cholesterol level (HDLC), modem low-dose progestogens
do not appear to affect the lipid profile in users. The
increased
contraceptive users
thrombosis (Speroff and Darney, 1996; Brennan et af.,
1997).

Several studies have been performed on the
biochemical effect among oral contraceptives users.
Several authors have observed that the use of oral
contraceptive pills (OCPs) may increase the risk of
cardiovascular disease by increasing the levels of
triglycerides (WHO, 1995), but the position over the
cholesterol 1s not clear. Wynn et al. (1966) have reported
a significant difference in cholesterol levels in young
women using QCP. Other authors observed a significant
mcrease 1n all lipid fractons in women using OCPs
(Donde and Virkar, 1975). Another study showed that
serum total cholesterol levels were higher among oral
contraceptive users. There was an increase in total
cholesterol due to the increased m p-lipoprotein
cholesterol. A decrease m a-lipoprotein cholesterol and
an increase in triglycerides was also observed
(Webber et al., 1982). Over the 3 years of study duration,
OC users experienced an increase in the levels of
triglycerides, total cholesterol, VLDL and HDL that were
greater than those experienced by non-hormonal
contraceptive users (Berenson ef al., 2009). One of the
long-range potential concerns with the use of Oral
Contraceptive Agents (OCA) 13 the increase in serum
lipids. Women in the OCA group have significantly higher
triglyceride levels than women in the non OCAs group
(Smith et al., 1975).

In a study on Nigerian oral contraceptive users the
level of serum cholesterol was significantly higher as
compared to controls. The elevation of serum cholesterol
level may be due to the estrogen content m oral
contraceptives. In  conclusion, this study has
demonstrated the need to periodically reassess the
biochemical parameters of oral contraceptive users,
especially those who have been on the steroids for a long
time. This 1s necessary in view of the subtle but
significant biochemical changes as regards increases of
total protein, albumin and  cholesterol levels
(Obisesan et al., 2002). Another study on biochemical
changes on oral contraceptive have shown the higher

risk of cardiovascular disease in oral

18 due to venous or arterial
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levels of triglycerides, total cholesterol, LDL-cholesterol
and VLDL-cholesterol in OCs users women. The increase
i OCP triglycerides 1s due to the mcrease in the
synthesis. OCP intake produce changes i lipid
metabolism in women, but such changes may not
necessarily lead to pathogenic concentration resulting in
a cardiovascular disease with the prolonged use of not
more than 4 years (Emokpae ef al., 2010). Smce, the effects
caused by OCP intake are short lived, it could be said that
the effects of these hormonal preparations may be
physiclogic rather than pathogenic (Karam, 2001).

Many studies have analyzed the relation between
cardiovascular risk factors and oral contraceptive use in
adult women. Elevated blood levels of lipids are probably
the unportant  biochemical
atherosclerosis. In the lLiver triglycerides synthesis i1s
enhanced by estrogen and inhibited by androgen and
these triglycerides are partly brought into the circulation
as low-density lipoproteins. In another study it was
observed that in adolescent girls serum total cholesterol
was significantly higher among oral contraceptive users
compared to non-users (Nawrot ef al., 2003).

The effects of Oral Contraceptive Agents (OCAs) on
lipid metabolism were reviewed recently by Beck (1973)
who points out that the estrogen-induced rise in serum

most risk  factor for

triglyceride levels is dose regulated and is similar to the
general serum  triglycerides
postmenopausal women. Oral contraceptives have been
reported to affect all serum lipids, but their effect on the
triglycerides and VLDIL is most consistent and striking
(Gershberg et al., 1968; Molitch et al., 1974). Some data
also showed a small, non sigmficant inverse relationship
between OC users and HDL cholesterol. A recent report
showed that different OC preparations had varying effects
on HDL cholesterol. HDL cholesterol levels appeared to
be directly related to estrogen dose and mversely related
to progestin dose (Bradley et al., 1978).

imncrease 1n found 1n

Mechanism of action of oral contraceptives

Combination oral contraceptives: Combination oral
contraceptives are the most widely used oral
contraceptives, that prevents pregnancy mainly by
suppressing ovulation. Both progestogen and estrogen
components suppress lutemnizing hormone secretion,
which prevents ovulation. In addition, progestogen
thickens cervical mucus so that sperm cannot penetrate
the uterus and produces an endometrium that 1s
umreceptive to ovum umplantation. It may also contribute
to contraception by interfering with secretory and
peristaltic the fallopian tube
(Hatcher er al, 1994). Estrogens and progestogens
suppress the secretion of follicle-stinulating hormone,

functions  inside
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which prevents the selection and emergence of a
dominant follicle. They also minimize breakthrough
bleeding by stabilizing the endometrium so that uregular
shedding 1s prevented. Because the estrogen component
potentiates the contraceptive action of the progestogen
component (probably by increasing the
mtracellular progestogen receptors), only a mirimal dose
of estrogen 1s needed to maintain the efficacy of the
combination  oral  contraceptive  (Speroff  and
Darney, 1996).

level of

Progestin-only oral contraceptives: As the progestogens
themselves do not always suppress geonadotropins,
women who take progestin-only oral contraceptives do
not always ovulate. The contraceptive efficacy of the
progestin-only oral contraceptive 1s therefore dependent
mostly on its effects on cervical mucus, on the
endometrium and possibly also on the fallopian tube
(Speroff and Darney, 1996). The progestin-only minipill
mustbe taken every day at the same time because its

Table 1: Studies on biochemical effects of oral contraceptives

circulating progestogen level is about 75% lower than the
level resulting from a combination oral contraceptive. Use
of the mimipill may result in wregular menstrual bleeding
and the development of functional ovarian follicular cysts.
Minipills containing levonorgestrel have been associated
with acne. The acne is caused by the androgenic activity
of the unopposed progestogen, despite its very low dose,
which decreases the level of circulating sex hormone
binding globulin. As a result, biologically available levels
of levonorgestrel and testosterone are
Low-dose combination oral contraceptives
produce acne because estrogen, which increases sex
hormone binding globulin, counteracts the effect of
progestogen (Speroff and Darney, 1996). The minipill does
not significantly affect lipid levels, carbohydrate
metabolism, or blood coagulaton. When it 1s
discontinued, fertility returns promptly (Hatcher et al.,
1994).

Studies carried out on the biochemical effects on oral
contraceptives are as given in Table 1.

increased.
do not

Oral contraceptive Parameter studied

Conclusion Author

Estrogen containing oral contraceptive Blood pressure and serum lipids

Higher level of serum lipid andlower blood pressure Webber ef al. (1982)

Oral pill (Triphasic OC), Vaginal ring
(NuvaRing), Transdermal patch (Ortho Evra)

Lipid soluble Antioxidant and
Serum levels of enzyme

Low lipid serum level, decrease coenzyme 6, and
total anti-oxidant capacity Assay

Palan ef al. (2010)

Injectable (DMPA-depot
medroxyprogesterone acetate), Cral pill-
ethinyl estraciol and desogestrel

Serum lipids

Elevate lipid level in oral pill users and low
HDL and high LDL level in DMPA users

Berenson ef al. (2009)

Oral contraceptives Serum protein and cholesterol

Higher serum protein, increased chol esterol levels Obisesan ef al. (2002)

Low dose contraceptives (ethinylestradiol)
combined with progestin component
dienogest or drospirenone

Effect on deep venous thrombosis
and arterial by lipid abnormalities

Deep venous thrombosis in users {arterial
thrombosis increases)

Tzankova ef al. (2010)

Biphasic lofeminal tablets (norgestrel+
ethinmylestradiol)

Serum lipids and blood pressure

Total lipid increases reduced blood pressure level Emokpae ef al. (2010)

Ethinylestradiol and progestin Blood pressure and Serum total

lipids

Hi gher systolic blood pressure and higher level
of serum total lipids

Nawrot ef al. (2003)

Low dose oral contraceptive (ethinyl
estradiol/gestodene)

Lipid level and Blood pressure

Normal level of lipids, Normal blood pressure Giribela ef ol (2007)

Monophasic pills (ethimyl estradiol) Blood sample (Total plasma cortisol
was measured with a
radioimmunoassay) and first saliva

sample (Bagal free cortigol level)

Basal free cortisol 1evel increases, No effect on Kirschbaum ef ai. (1999)

cortisol 1evel

Combined oral contraceptive {estrogen
ethinylestradiol+progestogen)

Serum Lipids and lipoproteins

Serum lipids is higher Abdel-Barry ef al. (2011)

Lyndiol pill {lynoestrenol and progestin) SGOT levels (serum glutamic

oxaloacetic fransaminase)

Increase in SGOT ({serum glutamic oxaloacetic Stoll (1967)

transaminase)

Oral contraceptive agents combination
type (Progestogen+Esirogen)

Concentration of plasma
ascorbic acid in leukocytes

Decrease plasma ascorbic acid McLeroy and Schendel

(1973)

Norinyl (1 mg of norethindrone +80 pg Vitamin level and lipid levels in

Decrease in serum vitamin Smith ef al. (1975)

of mestranol). serum B12, Lipid level in serum higher

Oral contraceptive Serum lipids Increase level of serum lipids Kannel (1979)

Oral contraceptive pill (norethindrone+ Serum lipids Higher levels of total lipids Hennekens ef al. (1979)
mestranol)

Contraceptive pill (levonorgestrel+ Serum lipids Decrease serum lipids Demacker ef al. (1982)
ethinylestracliol)

Contraceptive pill Plasma vitaming (A, E, C) plasma Increase level of vitamin, plasma, triglycerides, Yeung (1976)

triglycerides and cholesterol,
leukocytes

cholesterol, leukocytes that makes the risk of
myocardial infection
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Oral Contraceptive

Parameter Studied

Conclusion

Author

Norethindrone, Ortho-Novum (1/35
and 777), ethynodiol diacetate

Lipoproteins and Serum lipids.

Higher lipoprotein, high Serum lipids

Walsh and Sacks (1993)

Combined oral contraceptive
estrogen+progestin(desogestrel,
levonorgestrel and norethisterone)

Histopathology

Risk of endometrial cancer is decreased

Weiderpass ef al. (1999)

Combined pills (ethinylestraciol)

Bone markers, Setum biochemistry,
Bone mineral measurement

Decreased bone formation; serum albumin is
lower in oral contraceptive
ugers. Normal bone mineral

Garnero et al. (1995)

Oral contraceptive pill

Serum levels of lipid-soluble
antioxidants

Lower level of serum levels of lipid
soluble antioxidants

Palan ef al. (2006)

Levonorgestrel (90 ug), ethinyl estraciol
(20 pg)

Demographic data

Use of this composition does not delay
the return to fertility

Barnhart ef al. (2009)

Monophasic oral contraceptive
(levonorgestrel (100 pg)
+ethinylestradiol 20 pg)

Follicle diameters and serum
progesterone and 17 [-estradiol

Suppression of ovarian activity in users

Coney and DelConte
(1999)

Ortho-Novum 7/7/7, Triphasil
(combination of Norethindrone, ethinyl
estradiol),

Serum concentration of ethinylestradiol
by Radioimmunoassay

Serum concentration of ethinylestradiol increases

Sinofdcy and Pascuale (1998)

Cyproterone acetate, Lipid
metabolism, hirsutism +ethinylestradiol
Degogestrel+ethiny] estradiol

Lipid metabolism increased,
of adolescents with polycystic
ovary syndrome (PCOS)

Lipid metabolism increased, decrease hirsutism

Mastorakos ef al. (2002)

Mifepristone {contraceptive pill)

Biochemical parameter (serum alkaline
phosphatase and serum glutamyl
pyruvate transaminase)

Increase biochemical parameters
(serum alkaline phosphatase and
pyruvate transaminase), serum glutanyl

Agarwal ef al. (2009)

Ethinylestradiol and
chlormadinone acetate

Assessment of ovarian function,
thickness of endometrium, cervical
reaction sex, hormone level and
overall tolerability

Inhibition of ovulation and unfavourable
condition for fertilization, pregnancy

Spona et af. (2010)

Depot medroxyprogesterone Oral
contraceptive pill (20 pg),

Menstrual symptoms and Physiologic
symptoms

No adverse effects

Berenson &f al. (2008)

Oral contraceptive (ethiny] estradiol+
norgestimate) Contraceptive patch
(ethinylestradiol-+norelgestromin)

Body Mass Index (BMI) and serum
androgen levels

The contraceptive patch had an effect
comparable, to the OC on several key androgenic
potential as a therapeutic agent for disorders of
androgen excess

White ef al. (2005)

Ethinylestradiol+progestin

Pelvic pain, bleeding, headaches,
breast tenderness

Pelvic pain, bleeding and breast
tenderness shown, headaches problem, breast
tenderness shown

Sulak ef a!. (2000)

Oral contraceptive
(estrogen), DMPA(progestin)

Demographic data form, serum
testosterone and estradiol level

Oral contraceptives have low level of testosterone
compared to DMPA and high level of estradiol

Schaffir ef «l. (2010)

Oral contraceptive (30 pg ethinyl
estradiol+2 mg dienogest)

Survey based Study

Slight delay in regaining fertility
after the use of this oral contraceptive.

Wiegratz et al. (2006)

Mircette (desogestrel/ethiny] estradiol)

Serum lipids, carbohydrate
metabolism, endocrine parameters

Increase serum lipids, no
changes in carbohydrate metabolism,
effect on endocrine parameter

Berga (1998)

Oral contraceptive Pill

Standard questionnaire was used
to record descriptive characteristics
and medical and reproductive history

Liver carcinoma found in
oral coniraceptive users

Palmer et a/. (1989)

CONCLUSION

The studies perform on Cral contraceptive users
clearly shows the marked effects on enzymes,
carbohydrates and serum lipids. High level of serum lipid
invites many problems to the contraceptive users i.e.,
cardiovascular risk by increase m the cholesterol level but
the full impact of oral contraceptive on cardiovascular risk
factors may not be fully concluded from the short
duration of studies done so far. The duration of oral
contraceptive also have importance m studying the effect
among the women We must learn the correct duration of
usage/dosage more wisely and keep thewr user aware
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about the affect of oral contraceptive. The efforts should
continued to produce safer oral contraceptive for the
users.
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