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The Effect of Monophasic Oral
Contraceptives on Muscle Strength
and Markers of Recovery After
Exercise-Induced Muscle Damage:
A Systematic Review

Astrid Glenner-Frandsen, BSc,*T Cecilie With, MSc,” Thomas P. Gunnarsson, PhD, T
and Morten Hostrup, PhD'

Context: Oral contraceptives (OCs) manipulate hormonal fluctuations of the menstrual cycle and affect physical
performance. Most investigations on the effect of OCs on physical performance did not discriminate between different types
of OCs. Thus, the effects of monophasic OCs (MOCs) - the most common type of OCs - on muscle strength and recovery
from exercise are largely unknown.

Objective: To examine the effect of MOC use on muscle strength and markers of recovery after exercise-induced muscle
damage (EIMD) in premenopausal women.

Data Sources: Electronic databases Embase, PubMed, SportDiscus, and Web of Science were searched for studies
examining the effect of MOCs on acute muscle strength and recovery.

Study Selection: Keywords applied for the study selection were oral contraceptive* AND muscle strength or oral
contraceptive* AND muscle damage.

Study Design: Systematic review.

Level of Evidence: Lowest quality assessed for an included study in this review was serious risk of bias using ROBINS-I
tool made from Cochrane for nonrandomized studies.

Data Extraction: A total of 104 studies on muscle strength were identified, of which 11 met the inclusion criteria.
Concerning recovery, 51 studies were identified, of which 4 met the inclusion criteria.

Resullts: Of the 11 studies included, 10 showed no effect of MOCs on acute muscle strength. Of the 4 studies on recovery,
2 found a greater decrease in muscle strength, and 3 found higher creatine kinase (CK) levels after EIMD in MOC users than
in nonusers. The included studies were all rated with moderate-to-serious risk of bias.

Conclusion: These findings suggest that MOCs may impair recovery from EIMD as indicated by lowered muscle strength
and elevated CK levels. There is insufficient evidence to conclude whether MOCs acutely affect muscle strength. Moderate-
to-serious risk of bias in studies makes interpretation challenging.
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luctuations in female hormones during the menstrual
cycle may potentially affect physical performance.” Oral
contraceptives (OCs), containing ethinyl-estradiol and
progestin, are widely used by female elite athletes, with an
estimated prevalence of 83% and most of those using
monophasic OCs (MOCs).* MOCs prevent ovulation and
pregnancy by inhibiting endogenous estrogen and progesterone
secretion.’ Therefore, MOC users do not experience the same
hormone fluctuations as nonusers. Because skeletal muscle
expresses estrogen and progesterone receptors,'” estrogen and
progesterone may affect muscle strength, recovery
processes,”**** and training adaptations.” Although several
studies have reviewed the effect of OCs on athletic
performance,*'** the effect of MOCs is unclear - particularly
concerning their potential effects on muscle strength and
recovery from exercise-induced muscle damage (EIMD). Given
the high prevalence of MOC use among female athletes, it is
crucial to clarify the potential impact of MOC use on these
performance parameters.

Deciphering the effect of MOCs, based on estrogen levels, is
challenging as ethinyl-estradiol has a higher estrogen receptor
affinity and is more potent than endogenous estrogen.'’ In
contrast to multiphasic OCs; however, MOCs consist of only 1
type of pill containing the same combination of ethinyl-estradiol
and progestin throughout the cycle. Since variations in the
combination of ethinyl-estradiol and progestin levels in OCs
may affect muscle strength,' this could explain the conflicting
results in studies not specifying the type of OC used. In
addition, the concentration and androgenicity of progestin may
reduce muscle strength in women using OCs, as some
progestins have antiandrogenic effects.” Therefore, the effect of
specific types of OCs, such as MOCs, on performance and
skeletal muscle adaptations is preferred.

Studies indicate that anaerobic performance and muscle
strength in eumenorrheic women are greater during the early
follicular phase, characterized by low estrogen and
progesterone levels than in the late follicular and luteal phase.**
Furthermore, some but not all studies suggest that training-
induced improvements in muscle strength are greater during the
follicular phase than the luteal phase,”*"* while no such
difference is evident across the menstrual cycle of OC users.
A recent review found that OC use resulted in either increased,
decreased, or unchanged muscle strength compared with
nonusers.”” However, the quality of the 12 included studies was
low and no clear conclusions on the effect of OCs could be
drawn."” Specifying the type of OCs, eg, MOCs, could
potentially help draw more consistent conclusions.

There are reasons to believe that MOCs may affect recovery
processes. While only sparsely investigated for OCs, some
studies have found them to affect EIMD and recovery
markers.*®¥ Increased creatine kinase (CK) levels, muscle
soreness, and muscle force decline are indirect markers of
muscle damage.”* Thompson et al** showed no difference in
CK levels or muscle force decline 48hours post-EIMD between
OC users and nonusers. However, OC users perceived less
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muscle soreness than nonusers.” In another study, OCs did not
affect perceived muscle soreness,” but induced a larger muscle
force decline 40 to 96hours post-EIMD, indicating a slower
recovery of muscle function.”” In nonusers, muscle strength and
soreness post-EIMD were affected more in the early follicular
phase than midluteal phase,’ and CK levels were shown to be
higher 24 to 72h post-EIMD in the early follicular phase than
midluteal phase.” This indicates a protective effect of estrogen
against EIMD.” However, it remains uncertain whether MOCs
affect EIMD and the ability to recover post-EIMD. Thus, the
purpose of this systematic review was to examine the effect of
MOC use on muscle strength and markers of recovery post-
EIMD in premenopausal women.

METHODS
Literature Search

To investigate the effect of MOCs on muscle strength and
recovery, an electronic literature search in the databases
Embase, PubMed, SportDiscus, and Web of Science was
performed. The search was completed on May 4, 2020. The
process of the literature search is illustrated in Figure 1. Two
separate literature searches were conducted: a search on muscle
strength and another on recovery. On Web of Science, the
category “topic” was used for the search, which included title,
abstract, and keywords. In the other databases, the categories
“title” and “abstract” were used. The keywords used for muscle
strength were oral contraceptive* AND muscle strength, while
the keywords used for recovery were oral contraceptive* AND
muscle damage. The "AND" function was used to combine
selected keywords. The search was limited to articles in English
and only published full-text articles were included. The
electronic search and subsequent selection were carried out by
2 reviewers. Duplicates and studies with titles and abstracts that
did not meet the inclusion criteria were excluded. Studies that
failed to meet the inclusion criteria after full-text reading were
excluded. Additional articles meeting the inclusion criteria,
found through the other literature search or the reference list of
included studies, were included. Furthermore, articles meeting
the criteria for both topics were included in the results of both
topics.

Inclusion Criteria

Only studies on healthy, premenopausal women comparing a
group of MOC users with a group of nonusers were included. It
was a criterion that the group of nonusers did not use any
hormonal contraception. Studies on multiphasic and
nonspecified OCs were excluded. Studies including a male
control group were included, but results from men were not
included in this review. In the search on muscle strength,
studies including measures of muscle strength and statistical
comparison of muscle strength between MOC users and
nonusers were included. By contrast, studies with strength
training interventions were excluded as these studies examined
the relative change in muscle strength rather than absolute
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Figure 1. Flowcharts showing studies included and excluded in the electronic search in the databases Embase, PubMed,
SportDiscus, and Web of Science for (a) muscle strength and (b) markers of recovery post-EIMD. EIMD, exercise-induced muscle-

damage.

muscle strength. Concerning the recovery studies, it was a
criterion that changes in muscle strength over time, CK levels, or
perceived muscle soreness were measured postexercise. These
parameters are common indicators of skeletal muscle damage,"”
and studies examining a minimum of 1 of the muscle-strength-
related parameters were included in the review.

Quiality Assessment

Study quality was assessed using the ROBINS-I tool from
Cochrane made for nonrandomized studies,” as none of the
included studies was randomized. The assessment was carried
out by 2 of the authors cooperatively, and each study was
evaluated individually. The studies were evaluated in 7 different
domains, scoring either low, moderate, serious, or critical risk of
bias and followed by an overall rating. Studies with a low risk
of bias are expected to have no confounding. Studies with a
moderate risk of bias may contribute to evidence, but
confounding is expected although no serious residual
confounding. Studies with a serious risk of bias have imperative
shortcomings, and studies with a critical risk of bias cannot
provide useful evidence on the effect of the intervention.*

RESULTS
Muscle Strength

A total of 104 studies were identified, of which 11 met the
inclusion criteria. These studies evaluated the effect of MOC use

on muscle strength in 245 premenopausal women aged 17 to
39years with varying training backgrounds (Table 2).

Of the 11 studies, 10 found no effect (P>0.05) of MOCs on
muscle strength as measured by a variety of tests, including
maximal voluntary isometric contraction (MVC) and maximal
isokinetic torque (Table 1),">*1*1121420212 Gpe srdy found
that nonusers were 33% stronger than MOC users in a
20-repetition grip test (P<0.01) and MVC grip strength
(P=0.02),” but had a serious risk of bias. Of the 9 studies that
had a moderate risk of bias, which was the best rating of the
studies included in this review, none found a difference
(P>0.05) in muscle strength between MOC users and nonusers
(Table1).

Recovery

A total of 51 studies were identified, of which 4 were included.
The studies evaluated the effect of MOC use on recovery post-
EIMD in 66 premenopausal women aged 18 to 35years with
varying training backgrounds (Table 2). Two studies included
the same participants and were only included once in the total
subject pool for this review."'® The indirect markers of recovery
post-EIMD were muscle strength decline, increased serum CK
levels, and greater perceived muscle soreness.

Of the 3 studies that examined decline in muscle strength
post-EIMD, 2 found a greater decline in muscle strength in MOC
users compared with nonusers,”* and 1 study found a
tendency (P=0.06) for MOC users to have a smaller decrease in
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muscle strength post-EIMD than nonusers."* However, the latter
study showed a negative correlation between age and muscle
strength (r=0.58), and, after adjusting for this, the tendency no
longer appeared (P=0.18)." Three of 4 studies reported higher
serum CK levels post-EIMD in MOC users compared with
nonusers, *'** whereas 1 study found no difference between
MOC users and nonusers.”’ Three of the 4 studies investigated
perceived muscle soreness, and 1 study found a greater
perceived muscle soreness post-EIMD in MOC users that
recovered slower than in nonusers,”” whereas no studies found
a greater perceived muscle soreness in nonusers with MOC
users, "1

Mackay et al” tested a group of nonusers in the follicular
phase and another group of nonusers during ovulation, whereas
the other studies tested only once during the menstrual cycle.
Three of the studies tested at the beginning of the menstrual
cycle (during menstruation) when the MOC users did not take
OCs,***! whereas Hicks et al'* tested on day 14 of the
menstrual cycle (to mimic the time of ovulation). However,
ovulation status was not verified, which was a shortcoming of
the study. In addition, there were variations in frequency (1-4
times) and timing (48-168h) in post-EIMD measurements.

In the studies on recovery included in the present review, at
least 1 of the 3 markers of muscle damage post-EIMD (ie,
decline in muscle strength, increases in CK levels, and/or
perceived muscle soreness) indicated that the ability to recover
from EIMD was reduced in MOC users compared with
nonusers. Three of the studies were rated with a moderate risk
of bias, whereas 1 study was rated with a serious risk of bias
(Table D).

DISCUSSION

Exercise-Induced Alterations
in Muscle Strength

Based on the 11 studies included in our analysis, MOC use does
not appear to affect muscle strength. Findings were fairly
consistent although 1 study, involving 19 participants, showed
that nonusers were stronger than MOC users.”> However, that
study had a serious risk of bias as no criteria were set for the
participants’ experience with resistance training, posing a risk
that nonusers had greater experience with resistance training
than MOC users. Furthermore, the participants were not
matched for anthropometrics, such as palm width. The nonusers
had wider palms than MOC users (P=0.04), and, when adjusted
for palm size, MVC grip strength was not different between the
groups (P=0.10).” Of the 10 studies showing no effect of MOC
use on muscle strength, 2 stood out. Ekenros et al' utilized a
nonrandomized crossover design, strengthening the validity of
the results as the participants acted as their own controls, but
suffered from a lack of blinding. In the study by Gordon et al,"
the MOC use group was a control group with a smaller sample
size than the nonuser group (n=6 vs n=11), which limits the
power for between-group comparisons. Collectively, these
findings suggest that maximal muscle strength is unaffected by

MOC use. While most of the reviewed studies included small
sample sizes, they totalled 245 women and pointed toward the
same tendency for no effect of MOCs on muscle strength, hence
supporting the validity of the findings. Given the moderate-to-
serious risk of bias in the included studies, randomized
controlled trials with a low risk of bias are warranted.

Two of the most common progestins in MOCs are levonorgestrel
and norethindrone, which have antiandrogenic effect5,6 and the
trivial androgenic effect of MOCs may explain why MOC use
might not affect muscle strength. Indeed, Elliott et al'' found no
difference in muscle strength in MOC users between MOC
consumption and pill withdrawal. Results on OCs’ effects on
muscle strength have been conﬂicting,(”Z(”32 which may be due to
variations in muscle strength during the menstrual cycle in
nonusers, while muscle strength seems to be more constant in OC
users. > Therefore, the choice of testing days in the different
studies is relevant to consider. One study did not test on specific
days of the cycle,” while another study tested only in the early
follicular phase (day 2-6 since the first day of bleeding),”!
corresponding to the pill withdrawal. Most of the included studies
(7 of 11) tested muscle strength in at least 2 different phases of the
menstrual cycle with no difference between phases or groups
(MOC users vs nonusers). Thus, cycle-related differences in female
sex hormones between MOC users and nonusers do not appear
to affect maximal muscle strength.

Exercise-Induced Alterations in the
Recovery Ability of Skeletal Muscle

With some inconsistencies, the included studies investigating
the effect of MOCs on recovery from EIMD showed that
recovery is impaired in MOC users compared with nonusers as
indicated by a trend for lowered muscle strength, elevated CK
levels, and greater perceived muscle soreness.

Concerning muscle force after EIMD, only 3 studies fulfilled
our criteria for inclusion, of which 2 found that MOC use was
associated with greater muscle force decline in recovery when
tested during the early follicular phase (days 2-6 since the first
day of bleeding),***" corresponding to pill withdrawal and the
phase where both MOC users and nonusers have the lowest
total estrogen levels. This coincides with the findings of Savage
and Clarkson,” who reported prolonged recovery of muscle
strength post-EIMD in OC users. Estrogen may have a protective
effect on muscle damage, but whether ethinyl-estradiol has the
same effect as endogenous estrogen remains debated > It is
worth noticing that ethinyl-estradiol will bind with a higher
affinity to estrogen receptors than endogenous estrogen,'” and
that higher MOC-derived ethinyl-estradiol levels lead to higher
overall estrogen levels during MOC consumption than during
pill withdrawal, which may induce a protective effect against
muscle damage post-EIMD. This could explain why Hicks et al'*
observed a smaller decrease in muscle strength post-EIMD
during periods of MOC use than that observed in studies testing
MOC users during pill withdrawal.**! The greater decrease in
muscle strength post-EIMD in MOC users, compared with
nonusers in the early follicular phase, could be due to the
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reduction in ethinyl-estradiol levels during pill withdrawal.
Collectively, these findings suggest that MOC use causes a
greater decline in muscle strength post-EIMD during pill
withdrawal, which may be due to low total estrogen levels
compared with those observed in nonusers.” However, more
studies are needed.

A general finding of the included studies was that MOC users
had higher serum CK levels post-EIMD than nonusers. #162!
Only 1 of the 4 included studies showed no difference in CK
levels post-EIMD between MOC users and nonusers.” However,
in that study, CK levels increased markedly from before to
96hours after EIMD (46 vs 250 UI/) only in the MOC users and
not in the nonusers.” Collectively, this suggests that MOCs
increase CK levels post-EIMD. The results of the present review
on serum CK levels post-EIMD indicate that MOC use decreases
the ability to recover from EIMD.

The 3 studies on perceived muscle soreness yielded conflicting
results. One study found greater muscle soreness post-EIMD in
MOC users than in nonusers,” whereas 2 studies did not, 11
Conflicting results are also evident in the existing literature, with
reports of reduced or no differences in exercise-induced muscle
soreness in MOC users compared with nonusers.”**

Overall, the reviewed studies assessed with the highest quality
found that MOC use is associated with impaired ability to
recover from EIMD during pill withdrawal, while the effect of
MOC use during the treatment period remains uncertain.
Accordingly, the ability to recover is negatively affected by MOC
use. This may be due to the antioxidant and membrane
stabilizing properties of estrogen, which are shown to protect
the skeletal muscle from damage in animals.**'*** Nevertheless,
none of the studies included in the analysis had a low risk of
bias and, therefore, the results must be interpreted with caution.

Methodological Considerations

Aside from the small number of participants in the studies
included in this review, the studies all had a moderate-to-serious
risk of bias. There was also substantial heterogeneity between
the studies, including performance tests, participants (especially
regarding training background), and menstrual cycle validation
and testing. Differences in the ability to recover from EIMD
were found primarily during pill withdrawal, which is associated
with low levels of both endogenous estrogen and ethinyl-
estradiol. Mackay et al*” compared MOC users during pill
withdrawal with nonusers in different phases of the cycle and
showed that recovery depended on the phase of the cycle in
nonusers. Hence, measures should preferably be conducted
more than once and on verified menstrual cycle time-points, eg,
early and late follicular and luteal phase. In this respect, Janse
de Jonge et al”® have established recommendations to optimize
research on the menstrual cycle. However, there are no similar
recommendations for studies on OCs or other hormonal
contraceptives; although based on the present review, such are
much needed. Participants should ideally use the same types of
MOC to increase intra- and interstudy comparability, since there
may be variations in the concentrations of ethinyl-estradiol and

progestin within types of MOCs.” In this review, participants
were required to use MOCs, but no criterion was established for
a given type of MOC.

CONCLUSION

Most female athletes are MOC users, which makes the question of
whether MOC use affects muscle strength and recovery from EIMD
highly relevant. This systematic review provides an overview of the
existing literature and contributes to a broad understanding of the
effects of MOCs on muscle strength and recovery from EIMD in
premenopausal women. Our findings indicate that MOC use may
impair recovery processes after exercise as reflected by a greater
muscle force decline and higher serum CK levels post-EIMD in
MOC users compared with nonusers. The observation applies
mainly during pill withdrawal when compared with the early
follicular phase, where estrogen levels are low, and it remains
uncertain whether MOC consumption affects recovery when
compared with the other phases of the menstrual cycle. At present,
the literature on the effects of MOCs on recovery is limited to the 4
studies included in this review. Our review also indicates that MOC
use does not affect muscle strength, but a lack of high-quality
studies makes it difficult to draw robust conclusions. To give
female athletes the best prerequisites to choose contraception,
future studies should investigate whether training background
affects the potential negative effects of MOCs on recovery.
Furthermore, studies examining whether the slower recovery in
MOC users may negatively affect the performance of elite athletes
with more than 1 competition per day (eg, sprinters, rowers, and
swimmers) are warranted.
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