1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2017 June 01.

-, HHS Public Access
«

Published in final edited form as:
Pharmacoepidemiol Drug Saf. 2016 June ; 25(6): 618-627. doi:10.1002/pds.3993.

Patterns and prevalence of medication use across the menstrual
cycle among healthy, reproductive aged women

KA Johnsonl, LA Sjaardal, SL Mumford!, RA Garbosel, KC Schliep!, D Mattison3, NJ
Perkinsl, J Wactawski-Wende?, and EF Schisterman?

1Division of Intramural Population Health Research, Eunice Kennedy Shriver National Institute of
Child Health and Human Development, National Institutes of Health, Bethesda, MD

2Department of Epidemiology and Environmental Health, School of Public Health and Health
Professions, University at Buffalo, Buffalo, NY

SRisk Sciences International and McLaughlin Centre for Population Health Risk Assessment,
University of Ottawa, Ottawa ON

Abstract

Purpose—To characterize the patterns of medication intake in healthy, reproductive-age
women not using hormonal contraception.

Methods—259 healthy, premenopausal women (18-44 years of age) enrolled in the BioCycle
Study (2005-2007), were followed over two menstrual cycles. Women were excluded if they were
currently using oral contraceptives or other chronic medications. Over-the-counter and
prescription medication use among participants was evaluated daily throughout the study via a
diary assessing type of medication, dosage, units, and frequency. Medications were categorized as
allergy, antibiotics, central nervous system (CNS), cold and cough, gastrointestinal (Gl),
musculoskeletal, and pain medication based on primary active ingredient. Medication use within
each category was assessed across standardized 28-day cycles to evaluate differences in use across
cycle phases (i.e. early, mid, late).

Results—Medication use was reported by 73% of participants. The most and least frequently
used medications, respectively, were pain (69%) and musculoskeletal medications (1%). Pain,
CNS, and antibiotic medication use varied significantly across the cycle, with pain and CNS
medication more frequently reported during menses and antibiotics more frequently during the
luteal phase. Allergy, cold and cough, Gl, and musculoskeletal medication use did not vary across
the cycle.

Conclusions—~Patterns of medication use among reproductive-age women vary across the
menstrual cycle for certain types of medications, particularly in pain (e.g. Ibuprofen), antibiotics
(e,g, Amoxicillin), and CNS (e.g. Adderall) medications. Future studies involving use of these
types of medication in premenopausal women may need to consider the relationship of their use to
the menstrual cycle.
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INTRODUCTION

More than 80% of the U.S. adult population report taking at least one medication in a week,
and 25% report five or more.! Furthermore, 82% of women aged 18—44 report using
medication compared to 68% of men in the same age group, identifying a significant gender
difference in prevalence of medication use.! Other studies also report higher medication use
in women than men and indicate a higher analgesic drug use among young women between
20 and 29 years attributable to use for menstrual discomfort.2 Indeed, our previous work
reveals greater use of pain medication in reproductive aged women around the time of
menses when compared to other phases of the menstrual cycle.3

Around half of pregnancies in the U.S. are not specifically planned, and accordingly, many
public health recommendations apply to all women of reproductive age (e.g. quitting
smoking and using folic acid supplements) to ensure sustained reproductive health for all
women and their children.® However, there is very little data available regarding patterns of
daily medication use across the menstrual cycle in healthy, reproductive age women,
particularly in women who are not actively attempting pregnancy but who are at risk of
becoming pregnant because of lack of contraception use and variable sexual activity.
Furthermore, recent changes (effective June 2015) in FDA regulation of medication labeling
has eradicated pregnancy categories A, B, C, D, and X from all human prescription drug and
biological product labeling, and also added a labeling category “Females and Males of
Reproductive Potential” to address pregnancy testing, contraception, and infertility.6 These
changes reflect both the complexity of the limited available information to clearly delineate
potential medication risks in pregnancy to mother and fetus, as well as a realization of the
importance of women who may become pregnant, but may not be planning a pregnancy.
This study is the first study to thoroughly assess detailed daily capture of medication use
over two menstrual cycles among women of reproductive age not using hormonal
contraception. Characterizing patterns of medication use in reproductive age women may
give women’s health providers insight into typical behaviors to ultimately improve women’s
overall reproductive health.”8 Therefore, the purpose of this study was to describe both
prevalence and patterns of medication use including pain, CNS, cold and cough, Gl, allergy,
antibiotics, and musculoskeletal medications, in relation to the menstrual cycle among 259
healthy, reproductive age women not consuming chronic medications, including oral
contraception, but who are not actively trying to become pregnant.

MATERIALS AND METHODS

Participants and study design

The BioCycle Study included 259 healthy, reproductive age women between 18 and 44
years from the western New York state region. Data were collected at the University at
Buffalo in New York. The University at Buffalo Health Sciences Institutional Review Board
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(IRB) approved the study and served as the IRB designated by the National Institutes of
Health for this study under a reliance agreement. All participants provided written informed
consent. Details of study design, materials, and methods of the BioCycle study are reported
elsewhere.®

Briefly, women with a self-reported body mass index (BMI) between 18 and 35 kg/m? at
baseline were enrolled and followed prospectively between 2005 and 2007 for one (n=9) or
two (n=250) complete menstrual cycles.? Cycles were captured consecutively, except for in
27 women who completed two non-consecutive cycles. Exclusion criteria included current
use of oral contraceptive or other hormone supplement use in the past three months;
hormonal contraceptive medication (i.e., Depo-Provera, Norplant, intrauterine device (1UD))
in the past 12 months; unwillingness to stop regular intake of vitamin and/or mineral
supplements, or chronic use of certain medications including lipid lowering drugs, anti-
hypertensive medications and/or aspirin; pregnancy or breastfeeding in the past six months;
attempting to conceive in the past six months; or recent history of infections or diagnosis of
chronic conditions, including menstrual or ovulatory disorders. Specifically, laparoscopy-
confirmed endometriosis, current uterine fibroids or removal of a fibroid in the last 12
months, history of polycystic ovary syndrome, and women who, at any point in time, sought
treatment for infertility were excluded.

Data collection

Participants provided fasting blood and urine samples up to 8 times for each menstrual cycle
(all participants completed at least 5 clinic visits/cycle; 94% completed at least 7 visits/
cycle). Study visits were scheduled to correspond to specific phases of the menstrual cycle
using fertility monitors (Clearblue Easy Fertility Monitor, Inverness Medical, Waltham, MA,
USA),10.11 including early menstruation, mid follicular phase, 3 days around expected
ovulation (LH surge), and the early, mid and late luteal phase.

In addition to high compliance (94% completed at least seven in-person visits per cycle), all
participants completed a daily diary, which recorded medication intake. Participants’ diaries
were reviewed with study staff at each clinic visit, which included daily medication usage by
type, dose, units, and number of times per day. Diary compliance was high with 89% of the
participants completing >75% of their daily diaries. Medication was grouped into seven
major categories based on indication: allergy (e.g. Zyrtec), antibiotics (e.g. Amoxicillin),
CNS (e.g. Adderall), cold and cough, Gl (e.g. Ciprofloxacin), musculoskeletal (e.g.
Cyclobenzaprine), and pain (e.g. Ibuprofen). There were a total of 157 medication codes
listed on the daily diaries, of which 96 could be categorized with the information provided
into the seven categories presented here. Seventy six percent of all medication used on all
days of the study included the 96 medication codes, whereas the remaining 24% of uncoded
entries entailed predominantly vitamin/supplement use (of which regular use was a study
exclusion criterion at enrollment), topical products (e.g. acne, wrinkle products), and various
other categories of sporadic medication or other pharmaceutical product use not fitting into
the seven categories presented in the current study (e.g. oral, topical, or inhaled
corticosteroids; vaccinations; etc.). The Micromedex online database and manufacturer’s
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websites were used to identify each drug used by participants during the study. Combination
drugs were assigned to a category based on the principal ingredient in the product.

Participants self-reported age, age at menarche, race, education, and smoking status through
standard questionnaires at baseline, in addition to the Cohen Perceived Stress Scale (PSS)
and the International Physical Activity Questionnaire.12:13 Information about alcohol
consumption was obtained from the daily diaries of participants, averaged over the entire
study, and categorized into low (0-0.5 drinks/day), moderate (0.5-1 drinks/day), or high (= 1
drinks/day) intake. Standing height and body weight were also measured at the beginning of
the study by trained staff using standardized protocols to calculate BMI.

Statistical analysis

To evaluate patterns of medication use across the menstrual cycle, each cycle was
standardized to 28 days: days were aligned in relation to the day of ovulation, which was
estimated based on dates and levels of LH peak from the fertility monitor compared with the
observed LH maximum value in serum and the day of progesterone rise.14 Participant-days
consumed included the total number of days participants consumed a type of medication
throughout the study. Descriptive statistics (Chi-square or Fisher exact tests for categorical
variables and Student #test for continuous variables) were used to compare participant
characteristics between the users and nonusers of medication overall and within the seven
categories of medication across the study period of two cycles.

Average frequency of each category of medication use was calculated and compared
between early cycle (standardized Day 1 [start of menses] to standardized Day 5 [average
bleeding length]), which included menses), mid cycle (standardized Day 6 to standardized
Day 13 [day of LH surge]) and late cycle (standardized day 14 [estimated day of ovulation]
to standardized Day 28 [day prior to start of next menses]), as well as across seasons, using
linear mixed models to account for repeated cycles within women. Pair-wise comparisons
were made between early, mid, and late cycle phases using the Tukey method to account for
multiple comparisons. Data were analyzed using SAS version 9.4 (SAS Institute Inc., Cary,
North Carolina).

RESULTS

Participants’ characteristics overall and by type of medication use

The baseline characteristics of participants overall and within each of the seven categories of
medication are shown in Table 1. Women who participated in the study were young
(mean=27.3, SD=8.2), predominately white (n=154, 60%), educated (n=226, ~90% > high
school education) and nonsmokers (n=249, 96%), with a mean (SD) BMI of 24.1 kg/m?
(3.9). Current age, age at menarche and BMI were not significantly different between users
and nonusers of any medication type. Users of allergy, as well as cold & cough, medications
were more frequently white and reported lower alcohol consumption compared to nonusers.
Pain medication users were also more often white, but reported greater alcohol consumption
than nonusers. Users of antibiotics had less post-secondary education, and women who
reported using CNS medication were more likely to report high alcohol consumption. Lastly,

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 5

women using Gl medication were more likely to be smokers and have higher alcohol
consumption. Few women used musculoskeletal medication (n=3) with no differences
detected in characteristics of users compared to nonusers (data not shown).

Medication use frequency by category

A total of 188 (73%) women reported any medication use. The most frequently used
medication was pain medication with 68% of the participants (1100 participant-days
consumed) reporting use of some type of pain medication, as previously reported.® Cold and
cough medications were the next most frequently used (14% of women, 112 participant-days
consumed), followed by allergy (12%, 123 participant-days consumed), Gl (8%, 50
participant-days consumed), antibiotics (7%, 111 participant-days consumed) and CNS (3%,
24 participant-days consumed). The least frequently used was musculoskeletal medication,
which was used by only three participants for a total of ten person days. Use of certain
medications, including pain, cold and cough, allergy, GI, and CNS varied across seasons. Of
note, 43% of allergy medication use occurred during fall and 67% of cough & cold
medication use was during fall and winter seasons (Table 2).

Medication use frequency by active ingredient

Table 3 illustrates the subtypes of medications consumed including information on active
ingredients of multiple drug formulations. Category of medication was determined
according to the primary active ingredient. Forty-nine different types of medications were
included. Medications that were consumed most frequently were ibuprofen, multi-symptom
medication, acetaminophen, Dayquil, and naproxen. Ibuprofen (i.e. Advil and Motrin) was
consumed across 491 participant days, followed by multi-symptom medication (i.e. Midol,
Pamprin, and Excedrin) across 190 participant days, acetaminophen (i.e. Tylenol) across 163
participant days, and both Dayquil and naproxen (i.e. Aleve) across 80 participant days.
Among those participants who consumed these active ingredients, the average number of
days consumed over the course of the study was 4.5 days for ibuprofen, 2.9 days for multi-
symptom medication, 2.5 days for acetaminophen, 2.6 days for Dayquil, and 3.5 days for
naproxen.

Medication use across the menstrual cycle

Variation in sporadic medication use across the menstrual cycle was not apparent for most
categories of medication, including allergy, cold and cough, and gastrointestinal
medications. However, antibiotic (p = 0.01), CNS (p = 0.005), and pain (p <0.001)
medication use varied significantly across menstrual cycle phases (Figure 1). Pain
medication was consumed most frequently during menses followed by a decline in use. We
found that pain medication was used more in the early phase compared to either of the mid-
or late cycle phases, as previously reported.3 CNS medication was also consumed most
frequently during menses followed by a decline in use. We found a significant difference in
mean CNS medication intake between early (i.e. menses; mean * standard error, 0. 4 £ 0.

1 % of women) and late (i.e., luteal; 0. 1 £ 0. 1 %) phases of the cycle (p=0.004). Also,
antibiotics were more frequently used during the luteal phase with a significant difference
(p=0.039) in antibiotic use between the early (0.5 + 0. 3 %) and late phase (1.0 + 0.2 %) of
the cycle. In this population, reported symptoms of illness from daily diaries indicated that
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among the 18 women reporting antibiotic use, 10 also reported cold/flu symptoms, 4
reported sinusitis/sinus infection, 4 reported ‘strep throat” or sore throat, 2 reported urinary
tract infection, 1 reported vaginal bacterial infection, 3 reported other infections (e.g. upper
respiratory infection, mononucleosis, herpes), and 2 women had no reported symptoms.

DISCUSSION

Among healthy, relatively young women not taking oral contraceptives, medication use was
common, with nearly three-quarters of women using some medication within the
approximate two months of study participation. The most frequently reported medications
used were pain, cough and cold, and allergy medications. Additionally, use of CNS
medications and antibiotics, in addition to pain medication use which has been previously
discussed,3 may be related to menstrual cycle phase. Importantly, data of usual patterns and
prevalence of medication use among this population is of special interest because of the
potential risk for unplanned pregnancy, particularly given that approximately 50% of
pregnancies in the U.S. are not specifically planned.*

These data comprehensively describe both prevalence and patterns of medication use in
relation to the menstrual cycle among healthy, reproductive age women not consuming
chronic medications, including oral contraception, but who are not actively trying to become
pregnant. Such information may be helpful to health care providers discussing the use of
OTC medications with women of reproductive age and particularly with women with greater
potential to become pregnant (i.e., not using hormonal contraception).1® Close to 75% of the
women in the study took some type of medication, with greater use of pain, cold and cough,
and allergy medications compared to the other categories that were examined (i.e.
antibiotics, CNS, GI, and musculoskeletal). Importantly, the most frequently used
medications have potential for harm when used during pregnancy, with ibuprofen use
associated with low birth weight and childhood asthma, ¢ and acetaminophen, which is
generally regarded as safe in pregnancy, recently linked to attention-deficit/hyperactivity
disorder behaviors in children.1”

Such frequency of use likely reflects use for treating symptoms of illness (cough, cold and
allergy medications) and menstrual pain (pain medication). Indeed, greater use of certain
medications was observed during seasons when greater suffering from allergies (e.g.
summer and fall) and colds (e.g. fall and winter) as observed here would be expected. These
overall findings are consistent with previous work that cites these types of medication as
those most frequently used by young women.1% In a U.S. telephone survey, >20% of women
aged 18-44 years used pain medication (e.g. acetaminophen and ibuprofen) whereas 14%
used some form of prescription only medication (e.g. ethinyl estradiol) at least once in a
preceding week. 118

Though use of other categories was less frequent overall, use of antibiotics and CNS
categories of medication, in addition to pain medication, varied significantly across the
menstrual cycle. Data from this study have previously shown that the greatest use of pain
medication was around the time of menses.1?
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Likewise, there was increased use of CNS medication during menses whereas increased use
of antibiotics was evident in the luteal phase of the menstrual cycle. Specifically,
amoxicillin, a medication commonly used to treat streptococcal infections, was the most
frequently used antibiotic medication. It is unclear why antibiotic use would be higher
during the latter half of the cycle in women not taking oral contraceptives. Antibiotics are
implicated in the effectiveness of hormonal contraceptives, as they can have interference
with absorption of oral forms.” For example, previous research indicates that use of
rifampin, an antibiotic used to treat tuberculosis, impairs the effectiveness of OCs resulting
in pregnancy in at least 30% of cases.2? However, understanding the reverse relationship, of
menstrual cycle phase and reproductive hormones impacting infection requiring antibiotic
use, is less studied. Furthermore, in developing countries, where there are limited controls
on the sale of antimicrobials, women of childbearing age report using antibiotics to reduce
menstrual symptoms including cramps, regulate heavy flow and prevent “infections” from
feminine sanitary products.2! Particularly in recognition of misuse, awareness of antibiotic
utilization patterns by women is important, given the known teratogenicity of certain
common, and thus more widely available, antibiotics.?2 Given that 35.1% of obstetric
patients receive antimicrobial agents,® and because of the limited number of participants
using antibiotics in this study, a future study is needed to determine whether our finding of
significant use of antibiotics during the luteal phase is a chance finding or possibly due to a
greater susceptibility to infection during certain cycle phases.

The pattern of greater CNS medication during the early phase of the cycle, particularly the
time around menses, may be due to changes in hormone levels relating to premenstrual
syndrome (PMS), in combination with high levels of stress or anxiety. Adderall, most
commonly used to treat attention deficit hyperactivity disorder (ADHD), was the most
frequently used CNS medication, followed by prescription formulations to treat migraines
(e.g. eletriptan HBr, sumatriptan succinate). The finding of prescription psychostimulant
drug use was surprising, as women with psychiatric conditions requiring medical therapy
were excluded from study enrollment. Alternatively, the limited Adderall use observed here
might be self-administered, recreational or performance-enhancing use. This speculation is
further supported by the observed greater use of CNS drugs in spring (50% overall,
including 92% of Adderall use) and fall (29%), seasons which encapsulate known periods
(i.e., midterm and final exams) of greater illicit stimulant drug use in college students,23 in
combination with this study being a University-based study site. CNS medication use
increasing around menses in this study may correspond to findings in previous studies
reporting abnormal CNS responses to normal hormone levels in some women.24:25
Specifically, while women with normal pituitary-gonadal function and PMS exhibited
symptoms of PMS in response to normal hormonal changes during the menstrual cycle,
susceptible women exhibited abnormal responses (e.g. worsening mood).2>

There are several unique strengths and limitations of this study that should be noted. The
monitoring of a large number of young, healthy women across two menstrual cycles was a
major strength of the study. The exclusion criteria of the study reduced potential for bias
from history of infertility, chronic disease, and chronic medication use that could have
affected the hormone levels across the menstrual cycle or resulted in an increased risk of
drug-to-drug interaction. However, there are several important limitations, including a small
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number of women reporting use of antibiotic and CNS medications (n=18 and n=8,
respectively). This could lead to a misrepresentation of medication use in these categories.
Also, data regarding indications for medication, particularly antibiotic, use were not
included in the daily assessment of participants. Self-report of medication use in daily
diaries may lead to misclassification, and there were missing diaries, which may contribute
to underreporting of medication use prevalence. The generalizability of these findings to the
U.S. female population is limited by the homogeneity of certain characteristics (e.g.
smoking, education) in this cohort. Furthermore, patterns and prevalence of medication use
may differ in other populations, as the present study excluded women actively trying to
become pregnant, or using vitamins or hormonal contraception, strong indicators of specific
planning of pregnancy intentions.

Among this healthy, relatively young population of women, use of medication was prevalent,
as nearly three-quarters of women used some type of medication during the study. It is
expected that as technology advances and development of new drugs continues, new
prescription medication will be introduced, and older ones will become increasingly
available as OTC medications.? Therefore, in combination with these findings, ongoing
information on medication use patterns in women of reproductive age and whether use of
any of this medication might relate to normal biologic variation, e.g. the menstrual cycle is
needed. Typical patterns of medication use varied across the menstrual cycle for certain
types of medication in the present study, particularly pain, antibiotic, and CNS categories.
Both pain and CNS medication use was more frequent during the early phase of the cycle,
while an increase in antibiotic use occurred during the late (i.e. luteal) phase of the
menstrual cycle, though use of CNS and antibiotic medications was relatively low. In
addition, use of certain medications varied across season. Therefore, in studies involving
these types of medications in reproductive aged women, timing related to menstrual cycle
phase and season may need to be considered. Clinically, care providers of women of
reproductive age should consider reproductive potential when counseling women on both
prescription and OTC medication use.
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Key Points

Medication use across the menstrual cycle was prevalent (73% of
participants) among this healthy, relatively young population of women.

Patterns of medication use varied across phases of the menstrual cycle for
certain types of medication: antibiotics, pain, and CNS medications.

Pain and CNS medication use was highest during the early (i.e. menses)
phase of the menstrual cycle.

Antibiotic use was highest during the late (i.e. luteal) phase of the menstrual
cycle.

Menstrual cycle phase may need to be considered in future studies assessing
use of these types of medications in reproductive-aged women.

Knowledge of usual patterns of medication use in reproductive-aged women
will aid in protecting and improving women’s overall and reproductive
health.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2017 June 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Johnson et al.

% using allergy medication

% using cold & cough medication

Page 12
Early . c Early : - Early .
2.0 cycle Mid Cycle : Late Cycle ;9_, 2.5 cycle Mid Cycle : Late Cycle c 0.8 Cycle * Mid Cycle : Late Cycle
: H © : H [} : :
L =
1.5 ° O 0.6-
E b
L £
1.04 2 2 0.44
a
‘g o
o
0.54 © £ 0.2+
> @
£ S
a ° :
P=0.16 = P=0.01 * : X P=0.005%
0 2 4 6 810121416 182022242628 ° 0 2 4 6 8 10121416 18 20 22 24 26 28 0 2 4 6 8 10121416 18 20 22 24 26 28
Standardized cycle day Standardized cycle day Standardized cycle day
o Early | .. . _ Early : i _ Early | .. A
2.0 Cycle * Mid Cycle : Late Cycle 1.5 Cycle Mid Cycle : Late Cycle c 40 Cycle : Mid Cycle ; Late Cycle
: H c : 5 : )
2 = :
T S 304
5 1.04 g
2 £
E £ 204
o ©
o
D 0.5+ o
E 5"
E
: : P=0.39 ® P=0.97 R P=<0.001
0.0 +—r-—r-r-rrr—r-rr-r-r—r-r 0.0 +—r—r*r—T"T1+"TTTTTT +—r-—r-rr-r——r—t-rrrrrT-
0 2 4 6 8 10121416 18 20 22 24 26 28 0 2 4 6 8 10121416 18 20 22 24 26 28 0 2 4 6 8 10121416 18 20 22 24 26 28
Standardized cycle day Standardized cycle day Standardized cycle day

Figure 1.
Medication use by category across standardized 28-day menstrual cycle

P-value represents global test of difference across cycle phases (early, mid, late).
(Ab)*Significantly different compared to early (P=0.039) cycle phase, based on Tukey-
adjusted pairwise comparisons.

(CNS)T Significantly different compared to late (P=0.004) cycle phase, based on Tukey-
adjusted pairwise comparisons.

(Pain)*Significantly different compared to mid (P<0.0001) and late (P<0.0001) cycle phase,
based on Tukey-adjusted pairwise comparisons.
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