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Metabolic Impacts of Oral Contraceptives: A Comprehensive
Review of Current Evidence

Karol Zagorski, Mateusz Kozik, Nina Skalska-Dziobek, Weronika Malagocka,
Karolina Chybowska, Mateusz Orlowski, Maria Naruszewicz, Aleksandra Midro,
Przemyslaw Cetnarowski

Abstract

Introduction and objective: Oral hormonal contraception (COC) is a highly popular, as well
as extensive group of medications. A significant impact of chronic COC therapy on
parameters of lipid metabolism, carbohydrates, binding globulins, coagulation system and
body weight of patients has been proven. Given the continuously increasing number of
women using COC, initiating therapy at progressively younger ages it is reasonable to
investigate the impact of individual medications on patients’ organisms completing
knowledge with conclusions from newly conducted research, as well as the influence of new
types of drugs on the studied indicators.

Material and method: The literature was reviewed in the Pubmed database, GoogleScholar,
the positions of the Polish gynecological society with the use of keywords.

State of knowledge: The use of COC is widespread among women. According to the citied
studies, over 80% of premenopausal women have declared using oral contraceptives.
Typically, COCs consist of a combination of estrogen and progestin components, offering
various possible combinations and dosing regimens.
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Despite their high efficacy in preventing pregnancy, their impact on lipid and carbohydrate
metabolism, as well as consequences remains incompletely understood. Older generations of
progestins, due to their similarity to testosterone, can cause negative androgenic effects, while
more recent progestins are expected to be neutral.

Summary: Each type of therapy is characterized by individual impact on the patients’
organism, however, the majority of progestins affect the increase of triglycerides, HDL and
have ambiguous effect on LDL. COC has a limited influence on BMI, carbohydrate
metabolism, coagulation system and glycemia.

Keywords: Oral contraceptive, lipids, lipoproteins, carbohydrate metabolism



Introduction

Combined oral contraception (COC), as an integral element of healthcare, plays a crucial role
in the lives of contemporary women, enabling fertility control and therapeutic effects, which
are especially significant in pathological conditions such as polycystic ovary syndrome
(PCOS). COC, being an effective contraceptive method, also demonstrates the ability to
regulate the menstrual cycle by inhibiting ovulation and reducing excessive androgen
production. In the case of patients presenting endocrine disorders, hyperandrogenism, and
metabolic disturbances, COC may contribute to alleviating clinical symptoms by normalizing
the levels of sex hormones, improving menstrual cycle regularity, reducing androgenic
symptoms, and providing metabolic benefits. Thus, COC not only serves as an effective
contraceptive method but also can be an effective therapeutic option, emphasizing its
importance in clinical practice and scientific research on women's reproductive health.

Not only are COC notably effective in preventing pregnancies, but it also exerts a broad
influence on lipid, lipoprotein and carbohydrate metabolism. Progestins belonging to the first
and second generations, including desogestrel, gestodene, norgestimate, levonorgestrel,
among others, share structural similarities with testosterone, potentially leading to adverse
androgenic effects. Although, newer progestins derived from progesterone or spironolactone,
such as cyproterone, chlormadinone, nomegestrol, and drospirenone, are anticipated to cause
a more favorable metabolic effect. Estrogens and progestins are able to facilitate insulin
secretion, enhance peripheral glucose utilization, promote triglyceride synthesis, increase
HDL secretion, and have diverse impacts on LDL cholesterol. On the other hand,
progesterone induces insulin resistance and hyperglycemia, mimicking the physiological
condition observed during pregnancy. Additionally, progestins have the ability to bind to
other receptors such as glucocorticoid, mineralocorticoid, and androgen receptors. Binding to
the androgen receptor may lead to weight gain and elevated plasma LDL cholesterol levels.
Therapies containing newer progestins like drospirenone and dienogest are known for their
anti-androgenic effects. [!]

Cholesterol plays a crucial role in the human body, being an essential component of cell
membranes and steroid hormones or bile acids. Various fractions of cholesterol exist,
including total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL),
and very low-density lipoprotein (VLDL). Total cholesterol reflects the overall amount of
cholesterol in the blood, while HDL is recognized as the "good" cholesterol due to its role in
transporting excess cholesterol from tissues to the liver for excretion, thereby contributing to
protection against atherosclerosis and heart disease. LDL, known as "bad" cholesterol,
transports cholesterol from the liver to the tissues, where it can accumulate in the walls of
blood vessels, leading to the formation of atherosclerotic plaques. Conversely, VLDL, serves
as primary carrier of triglycerides and plays an important role in lipid metabolism.
Understanding the function and importance of the different cholesterol fractions enables the
assessment of cardiovascular disease risk and the effectiveness of preventive measures such
as oral hormonal contraception.

Plasma triglycerides represent a form of lipids fundamental in the human body, serving as the
principal energy reservoir. They consist of three molecules of fatty acids bonded to glycerol,
they are stored within adipose cells and released into the bloodstream to provide energy.



However, excess triglycerides in the blood can be harmful and increase the risk of
cardiovascular diseases.

Sex hormone-binding globulin (SHBG) and corticosteroid-binding globulin (CBG) are two
significant protein carriers in the body. SHBG primarily binds to sex hormones such as
testosterone and estradiol, regulating their activity and bioavailability in the bloodstream. It
plays a crucial role in hormonal balance impacting various physiological processes including
sexual development and bone health. Similarly, CBG binds to corticosteroids like cortisol,
modulating their distribution and activity. CBG helps regulate the body's response to stress,
inflammation, and metabolism. Both SHBG and CBG are essential for maintaining hormonal
homeostasis and overall health.

Prothrombin 1+2 and D-dimers are markers of the blood coagulation process, using in the
diagnosis of thrombosis and assessment of thrombotic risk in patients. Prothrombin 1+2 is a
fragment of prothrombin that undergoes activation during the coagulation process. Its level in
serum can be used to monitor the activity of the coagulation system. Conversely, D-dimers
are degradation products of blood clots formed during fibrin breakdown. Their presence may
indicate the presence of thrombi. Both of these biomarkers are important for assessing
thrombotic risk and monitoring anticoagulant therapy in patients with thromboembolic
diseases.

The levels of carbohydrate metabolism and Body Mass Index (BMI) are important
determinants of metabolic health in the body. Carbohydrate metabolism refers to the process
of converting glucose and other carbohydrates into energy essential for cellular and tissue
function. Meanwhile, BMI is a measure of the ratio of body weight to height, utilized to
assess the degree of obesity or underweight in adults. Elevated BMI levels may correlate with
a heightened risk of cardiovascular diseases, type 2 diabetes, and other conditions associated
with obesity.

Table 1. Normal ranges of parameters

Parameter Value

Total cholesterol 114 — 190 mg/dl
HDL cholesterol > 50 mg/dl

LDL cholesterol <115 mg/dl
VLDL cholesterol <30 mg/dl
Triglycerides < 150 mg/dl
SHBG 30 — 90 nmol/l
CBG 19 -45 mg/l

D — dimers <500 ug/l

BMI 18,5 — 24,9 kg/m2
Table 2. List of oral contraceptives included in the meta-analysis
Estradiol valerate with dienogest

Ethinylestradiol with levonorgestrel

Ethinylestradiol with drospirenon




Ethinylestradiol with desogestrel

Ethinylestradiol with chlormadinon acetate

Ethinylestradiol with gestoden

Ethinylestradiol with cyproteron acetate

Ethinylestradiol with noretyndron

Medroxyprogesterone acetate

Estetrol with drospirenon

Purpose

The study elucidates the contemporary understanding of the effects of various combinations
and doses of combined oral contraceptives, comprehensively assessing the overall impact of
each COC on metabolic variables, delineating their influence on lipid and carbohydrate
metabolism, BMI, the coagulation system, and binding proteins. The objective was to
synthesize existing literature alongside recent reports and studies exploring the ramifications
of COC therapy on lipid and carbohydrate metabolism, while assessing potential benefits and
risks associated with such supplementation. Adverse events and side effects were duly
examined.

Material and methods

A review of the available literature in the Pubmed database, GoogleScholar, in the Via
Medica journal database, the positions of the Polish gynecological society was performed.
The articles were searched based on keywords “Oral contraceptive”, “lipids”, “lipoproteins”,
“cholesterol”, “SHBG”, “carbohydrate metabolism”, The search provided 3173 scientific
papers, of which, after rejecting papers that did not meet the authors' criteria, were included
60 research in this paper.

State of knowledge

Cholesterol

The first issue that needs to be checked is influence on cholesterol levels. The thesis of
research? asserts that the use of combined oral contraceptive modifies the concentrations of
total cholesterol, HDL, LDL and triglycerides leading to a marked increase.

Among patients using triphasic levonorgestrel medications, a study® revealed reduced levels
of HDL cholesterol, meanwhile the results of paper* indicate an upward trend in HDL
cholesterol, triglycerides, as well as apolipoproteins al and a2.

Therapy with oral contraceptives consisting of ethinylestradiol in combination with
levonorgestrel, according to eleven sources>®-8%10ILIZI3ILIS affects a noticeable decrease in
serum HDL cholesterol. The drug has an ambiguous effect on LDL cholesterol and VLDL
cholesterol, since according to the articles®!%!:13:16 their levels increase during treatment,
while a decrease in LDL was described in the papers>!2. A correlation between the use of
ethinylestradiol combined with levonorgestrel and a decrease in total cholesterol was
demonstrated in the article!?. The results!®!” prove an effect of using medicament on
increasing in apolipoprotein B levels, with an additional decrease in apoE and lipoprotein A
observed in paper!®. In addition, the results'® suggest a weaker increase in HDL and a smaller
decrease in LDL during therapy with the combination of ethinylestradiol and levonorgestrel



compared to combinations of ethinylestradiol with drospirenone, desogestrel or cyproterone
acetate.

The effects of oral contraceptives containing ethinylestradiol together with drospirenone are
not clear. According to studies!'®?°, the drug induces a significant increase in total cholesterol,
HDL cholesterol and LDL cholesterol, however, the authors?'?*? describe a decrease in
triglycerides and cholesterol levels during the use of combined medication as well as therapy
containing only drospirenone.

Four papers?*242326 show the effect of the medication on decreasing LDL increasing HDL. In
study?’, metformin was added to the combined ethinylestradiol with drospirenone, resulting in
a significant increase in HDL cholesterol.

A study?® testing a new combined oral contraceptive containing estetrol with drospirenone a
limited impact on lipid metabolism was proven.

The influence of drugs containing dienogest on lipid netabolism is inconclusive. According to
the authors>’, the combination of estradiol with dienogest leads to anincrease in HDL
cholesterol and a decrease in LDL, whereas study® describes no effect of dienogest on HDL
levels in organism, although the source?” shows a moderate decrease in HDL cholesterol and a
minimal increase in LDL. Additionally, according to the article®, therapy containing dienogest
have a marked increase in apolipoprotein Al levels, while the addition of an estrogenic
component induces an increase in apolipoprotein B.

Among participants of ten researches!®-?423031,32.33.343536 y;5ing  hormonal contraception
containing a combination of ethinylestradiol and desogestrel, an increase in total cholesterol,
HDL cholesterol and apolipoproteins was observed, moreover, sources'®?>3*? suggest a
simultaneous increase in LDL, while the authors of*'»* describe a simultaneous decrease in
LDL. In addition, three papers®-73% present results suggesting a negligible effect of
contraception containing desogestrel on the lipid profile of female patients, at the same time
the authors of?? publish findings showing the effect of desogestrel on reducing total
cholesterol, HDL, LDL and triglycerides levels. Oral contraceptives containing gestodene
together with ethinylestradiol, according to four studies'>*>37-% show minimal influence on
the lipid profile of patients. However, results from*263334 indicate the specific impact on
increasing the levels of HDL cholesterol, triglycerides and apolipoproteins while concurrently
reducing LDL cholesterol levels.

According to the article®, ethinylestradiol combined with chlormadinone acetate increases
HDL cholesterol, triglycerides and apolipoproteins A1 and B levels.

Oral contraceptive therapy consisting of ethinylestradiol together with cyproterone acetate,
according to two papers'®¥, induces an increase in total cholesterol, HDL cholesterol and
LDL cholesterol, however, the authors of the paper®> made conclusions about the effect of the
medication on the increase in HDL cholesterol and the lack of effect on total cholestetol and
LDL cholesterol. The therapy containing a combination of ethinylestradiol and norethindrone,
according to studies'*>!7" increases total cholesterol and apolipoprotein levels in patients,
with a concomitant increase in LDL cholesterol. Moreover, the source*® describes a slight
decrease in HDL cholesterol.

The outcome of the study*! is the detection of no impact on lipid metabolism by patients
undergoing medroxyprogesterone acetate therapy.



The authors of® indicate a positive increase in HDL cholesterol by drugs containing the
triphasic norgestimate.

A comparative study*? on the lipid metabolisms influence in patients using oral contraceptives
and patients with a subcutaneous contraceptive implant showed a more significant increase in
total cholesterol, HDL, triglycerides during oral medication therapy.

According to the results of the paper*, the addition of metformin to oral contraceptive therapy
does not affect total cholesterol, HDL, LDL, and triglycerides levels compared therapy
without metformin.

The result of the study? is the conclusion that female patients who are addictive tabacco
smokers are distinguished by lower values of lipid parameters compared to non-smoking
patients.

Plasma triglycerides

The use of oral contraceptives by female patients very significantly affects the increase
triglyceride levels**. According to authors®!!13434  oral contraceptive therapy with
ethinylestradiol and levonorgestrel significantly raises the level of plasma triglycerides, two
papers'®'* describe a very large increase in triglycerides during treatment, while studies®!?
have not proven any effect of the drug on their levels in patients’ organism.

Two sources®? describe a strong correlation between the use of oral contraception based on
dienogest and elevated levels of triglycerides in the body.

The result of paper® emphasizes a strong influence of medicaments containing desogestrel on
the increase in serum triglycerides, meanwhile the authors of study*’ claim that desogestrel
has no impact on triglyceride levels, while levonorgestrel reduces them. Authors!®-23:33-36.46
noted a marked increase in triglyceride and phospholipid levels in patients during the use of
combination of desogestrel and ethinylestradiol.

In papers!?3>34849 " contraceptive drugs containing cyproterone acetate in combination with
ethinylestradiol noticeably increase triglyceride levels and also reduce LDL - C levels.
According to study'®, medicaments containing cyproterone acetate and ethinylestradiol,
desogestrel or drospirenone stronger induces an increase in triglyceride levels than
preparations consisting of a combination of ethinylestradiol and levonorgestrel.

Three papers!>!74° described a clear effect of the combination of ethinylestradiol with
noretyndrone on the increase in triglyceride levels.

The results of the study?®, in which new combination of estetrol with drospirenone results in
an elevation in lipid parameters, mostly triglyceride levels. Oral contraceptives containing a
combination of ethinylestradiol and drospirenone in conducted studies'®?%232¢ caused a
notable increase in triglycerides and apolipoproteins. Moreover, according to the source?!
drospirenone-based medications cause a decrease in triglycerides and cholesterol.

In three papers?6>>3, a clear rise in triglycerides was observed in women using preparations
containing ethinylestradiol in combination with gestodene.

SHBG, CBG
Three papers!®2%3 noted a significant increase in SHBG and CBG levels during therapy with
medicaments containing drospirenone.



According to three studies'®**!, combinations of ethinylestradiol and cyproterpne acetate

increase SHBG levels in patients' bodies.

Three sources®!'®32 emphasized the positive effect of desogestrel on SHBG and CBG
concentrations, with a 2-4-fold increase highlighted in study?, and significant increase in
carrier proteins - CBG, SHBG, noted during therapy with a combination of desogestrel with
ethinylestradiol in paper3!. According to study>?, medicaments containing desogestrel alone or
in combination with ethinylestradiol or estradiol valerate affect a marked increase in CBG.
The highest increase was observed in the dienogest with ethinylestradiol treatment, while
source® presents the effect of estradiol valerate therapy in combination with dienogest, during
which SHBG and CBG levels remained relatively stable.

According to studies'®*>4* SHBG and CBG parameters significantly increase in
ethinylestradiol therapy with levonorgestrel, the results of the paper'® highlighting a stronger
correlation of this therapeutic combination than therapy with drospirenone, desogestrel or
cyproterone acetate.

In the paper?, the positive impact of three-phase norgestimate on SHBG levels was proven.

Prothrombin 1 + 2, D - dimers

In one paper®, the mean levels of prothrombin 1+2 and D-dimers remained at a similar level
during estradiol valerate combined with dienogest therapy.

However, during ethinylestradiol with levonorgestrel treatment, an increase in prothrombin
1+2 levels was observed in two studies>!!. In contrast, the effect of therapy on D-dimer levels
is inconclusive, as their levels increased during ethinylestradiol combined with levonorgestrel
treatment in one study’ and remained relatively constant in another paper'!. A study?! proved
that ethinylestradiol can lead to hypercoagulability by inducing various procoagulant factors.

Carbohydrate metabolism

The impact of therapy with ethinylestradiol combined with drospirenone is not clear, as
study?® suggests no change in glucose-insulinemic metabolism, while paper?’ emphasizes a
significant increase in the glucose-insulin ratio, meanwhile in article’ an increase in the
insulinogenic index is observed.

According to the authors of papers®*>3, patients treated with medicaments containing
ethinylestradiol and desogestrel showed no alterations in parameters of insulin sensitivity,
glucose, insulin and HbAlc levels, whereas the results of the study®® pointed towards a
notable increase in insulin sensitivity and an enhanced C-peptide response to insulin during
therapy.

The effects of treatment with a three-phase combination of ethinylestradiol with norgestimate
or gestodene, as described in study?%, led to elevated fasting plasma insulin levels and reduced
insulin sensitivity without affecting glucose parameters. In contrast, a study®’ showed a
positive impact on glucose and insulin responses of a gestodene combined with
ethinylestradiol. On the other hand, the results of paper®> document a negligible effect of the
drug on glucose, insulin and HbAlc levels in the body.

Source®® describes the influence of ethinylestradiol in combination with chlormadinone
acetate on increasing the C-peptide response to glucose and insulin.



According to studies*>*, a drug containing a combination of ethinylestradiol and cyproterone
acetate increases insulin and glucose levels in the OGTT test, while papers!®3> demonstrate a
minimal impact of the drug on glucose, insulin and HbA1c levels in patients’ organism.
Authors>?, noted that therapy with a combination of ethinylestradiol and levonorgestrel
resulted in heightened carbohydrate metabolism, increased levels of insulin and C-peptide as
well as decreased glucose levels.

In study®, a negligible effects of estradiol valerate along with dienogest on carbohydrate
metabolism was described. No changes in carbohydrate metabolism were reported among
patients treated with medroxyprogesterone acetate, as per?!.

BMI

According to the authors of studies?’*”,, the use of combined therapy with ethinylestradiol and
drospirenone does not result in changes in clinical measurements of body weight, BMI or
WHR. However, source’’ indicates an increase in adipose tissue mass with a sustained BMI
value. In contrast, the article?® highlights a noticeable reduction in BMI in the group treated
with ethinylestradiol and drospirenone. Additionally, the paper®® indicates minimal changes in
body weight during therapy with a new contraceptive containing estetrol in combination with
drospirenone.

A study'® showed no impact of cyproterone acetate therapy on BMI. According to source’,
treatment with ethinylestradiol in combination with levonorgestrel does not significantly
affect the BMI level of patients, while a medicament containing estradiol valerate and
dienogest does not affect BMI index.

The results from study*? revealed a clear increase in body weight and BMI in patients treated
with combined contraceptives and subcutaneous contraceptive implants. The results of four
43,58,59.60. " in which a metformin dose was added to combined contraceptives therapy,
indicated a significant decrease in glucose levels, improvement in insulin sensitivity,
induction of weight loss, as well as BMI reduction in patients, thus positively influencing the
course of treatment.

studies

Discussion and conclusion

According to the cited studies, the analysis of the effects of routine use of combined oral
hormonal contraception (COC) on lipid metabolism, carbohydrate metabolism, BMI, and
other metabolic parameters demonstrates their significant impact on the body.

With the emergence of new combinations, doses, and administration methods, the risk-benefit
profile associated with COC has significantly evolved. The metabolic effects of third and
fourth generation progestins, particularly when combined with natural estrogens, appear to be
minimal. Newer generations of progestins are essentially devoid of androgenic, estrogenic, or
glucocorticoid-related side effects, leading to an improved safety profile.

The impact on the patient's body varies depending on the specific COC variant. The latest
generation of COCs demonstrate a more favorable effect on patients, with lesser deregulation



of lipid and carbohydrate metabolism. Additionally, significant improvements in metabolic
parameters have been observed with the addition of metformin to COC therapy.

However, the collected information does not fully elucidate the overall impact of combined
oral hormonal contraceptive therapy on the body. Further research is needed to explore the
use of COCs among women for fertility regulation purposes, as well as for the management of
chronic conditions such as polycystic ovary syndrome
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