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Abstract 

Background The number of medications prescribed during pregnancy has increased over the past few decades. 
Few studies have described the prevalence of multiple medication use among pregnant women. This study aims to 
describe the overall prevalence over the last two decades among all pregnant women and those with multimorbidity 
and to identify risk factors for polypharmacy in pregnancy.

Methods A retrospective cohort study was conducted between 2000 and 2019 using the Clinical Practice Research 
Datalink (CPRD) pregnancy register.

Prescription records for 577 medication categories were obtained. Prevalence estimates for polypharmacy (ranging 
from 2+ to 11+ medications) were presented along with the medications commonly prescribed individually and in 
pairs during the first trimester and the entire pregnancy period.

Logistic regression models were performed to identify risk factors for polypharmacy.

Results During the first trimester (812,354 pregnancies), the prevalence of polypharmacy ranged from 24.6% (2+ 
medications) to 0.1% (11+ medications). During the entire pregnancy period (774,247 pregnancies), the prevalence 
ranged from 58.7 to 1.4%.

†Anuradhaa Subramanian and Amaya Azcoaga‑Lorenzo are joint first authors.

†Peter Brocklehurst, Helen Dolk, Catherine Nelson‑Piercy and Krishnarajah 
Nirantharakumar are joint senior authors.

*Correspondence:
Katherine Phillips
k.phillips.1@bham.ac.uk
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-022-02722-5&domain=pdf
https://orcid.org/0000-0001-8875-7363
https://orcid.org/0000-0003-3307-878X
https://orcid.org/0000-0003-0494-321X
http://orcid.org/0000-0003-0674-605X
https://orcid.org/0000-0002-2332-5452
https://orcid.org/0000-0001-9284-6991
https://orcid.org/0000-0001-9184-8258
https://orcid.org/0000-0001-5018-0108
https://orcid.org/0000-0001-7615-8523
https://orcid.org/0000-0002-9466-833X
https://orcid.org/0000-0002-9181-0652
https://orcid.org/0000-0003-0427-1783
https://orcid.org/0000-0002-4834-6719
https://orcid.org/0000-0002-1122-6502
https://orcid.org/0000-0003-3538-8896
https://orcid.org/0000-0003-3689-0490
https://orcid.org/0000-0002-8109-1930
https://orcid.org/0000-0002-6841-8601
https://orcid.org/0000-0002-1206-3637
https://orcid.org/0000-0001-9369-5072
https://orcid.org/0000-0001-9908-0773
https://orcid.org/0000-0002-4254-460X
https://orcid.org/0000-0001-7417-2858
https://orcid.org/0000-0001-5181-6120
https://orcid.org/0000-0001-6989-2180
https://orcid.org/0000-0002-9950-6751
https://orcid.org/0000-0001-6639-5904
https://orcid.org/0000-0001-9311-1196
https://orcid.org/0000-0002-6816-1279


Page 2 of 13Subramanian et al. BMC Medicine           (2023) 21:21 

Broad‑spectrum penicillin (6.6%), compound analgesics (4.5%) and treatment of candidiasis (4.3%) were commonly 
prescribed. Pairs of medication prescribed to manage different long‑term conditions commonly included selective 
beta 2 agonists or selective serotonin re‑uptake inhibitors (SSRIs).

Risk factors for being prescribed 2+ medications during the first trimester of pregnancy include being overweight or 
obese [aOR: 1.16 (1.14–1.18) and 1.55 (1.53–1.57)], belonging to an ethnic minority group [aOR: 2.40 (2.33–2.47), 1.71 
(1.65–1.76), 1.41 (1.35–1.47) and 1.39 (1.30–1.49) among women from South Asian, Black, other and mixed ethnicities 
compared to white women] and smoking or previously smoking [aOR: 1.19 (1.18–1.20) and 1.05 (1.03–1.06)]. Higher 
and lower age, higher gravidity, increasing number of comorbidities and increasing level of deprivation were also 
associated with increased odds of polypharmacy.

Conclusions The prevalence of polypharmacy during pregnancy has increased over the past two decades and is 
particularly high in younger and older women; women with high BMI, smokers and ex‑smokers; and women with 
multimorbidity, higher gravidity and higher levels of deprivation. Well‑conducted pharmaco‑epidemiological research 
is needed to understand the effects of multiple medication use on the developing foetus.

Keywords Multiple medications, Polypharmacy, Medications, Prescriptions, Pregnancy, Multimorbidity, Multiple long‑
term conditions

Background
A rise in the prevalence of long-term health conditions 
and an increase in the average maternal age in the United 
Kingdom (UK) mean that women will potentially be pre-
scribed an increasing number of medications during preg-
nancy [1, 2]. It has been observed in other high-income 
countries that the prescription of multiple medications 
has been on a rise, but there has been no literature report-
ing on this over the last decade or within the UK [3, 4]. 
While a number of studies on antenatal medication expo-
sures have focused on individual medications, very few 
studies have looked at multiple medications or rates of 
polypharmacy among pregnant women, with even fewer 
studies describing rates by trimester or capturing the 
common combinations prescribed together [5–7].

The term polypharmacy broadly refers to the use of 
multiple medications; however, no consensus on this def-
inition exists within the literature. A systematic review 
on definitions of polypharmacy found that the defini-
tions within the literature were variable in terms of (1) 
the number of medications prescribed together in a given 
duration, ranging from 2 to 11 or more medications; (2) 
consideration of treatment duration within the defini-
tion; (3) restriction to a specific prescription setting; and 
(4) consideration of prescribing appropriateness [8]. In 
addition, studies on polypharmacy lack consistency as 
to whether routine vitamin supplementation should be 
included [3, 9–11]. As a result, there is a wide range in 
the estimated prevalence of polypharmacy reported dur-
ing pregnancy within the literature [11–18].

With the increasing number of prescribed medica-
tions, there is an increased risk of inappropriate or 
high-risk prescription [19], medication interaction and 
thereby adverse outcomes [20, 21]. Notably, the impact 

of polypharmacy specifically during the pregnancy 
period is not well understood due to the limited avail-
ability of comprehensive medication safety data during 
pregnancy.

Multimorbidity is broadly defined as the presence 
of two or more long-term health conditions, although 
similar to polypharmacy there is a lack of consensus 
on its definition and which diseases to include in the 
definition [22]. Multiple medications may be required 
to manage each morbidity individually, thereby making 
polypharmacy a particular consequence of multimor-
bidity. Although more common among older adults, 
multimorbidity is increasing in the younger population, 
including women of reproductive age [23, 24]. Despite 
this, there is a dearth of literature regarding pregnant 
women with multimorbidity and none exploring polyp-
harmacy in this population.

In this study, we define polypharmacy through 
a range of definitions, from 2 to 11 or more differ-
ent medications prescribed during pregnancy (either 
throughout pregnancy or restricted to the first tri-
mester) within primary care. Duration of treatment, 
dose and concomitance of drug use were not consid-
ered within the definition of polypharmacy used in this 
study. The objectives of this study were (1) to examine 
the prevalence of polypharmacy (based on a range of 
definitions) during pregnancy over the last two dec-
ades, (2) to describe which medications and combina-
tions of medications are most commonly prescribed 
during pregnancy and (3) to evaluate the factors asso-
ciated with polypharmacy during pregnancy. In a sub-
group analysis, this study aimed to examine the burden 
of polypharmacy among pregnant women with active 
multimorbidity.
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Methods
Design and data source
A population-based retrospective cohort study of preg-
nancies was conducted between 2000 and 2019 using 
the Pregnancy Register within Clinical Practice Research 
Datalink (CPRD) GOLD.

CPRD GOLD is a UK primary care database with 
anonymized medical records of over 20 million patients 
from 973 general practices. CPRD constitutes about 7% 
of the UK population and is broadly comparable to the 
entire UK population in terms of age and sex [25]. CPRD 
has developed an algorithm to retrospectively create a 
pregnancy register that lists pregnancy episodes using 
4000 pregnancy-related Read and entity codes recorded 
within primary care [26]. Read codes constitute a hier-
archical clinical coding system to document patients’ 
symptoms, diagnoses and referrals [27]. The algorithm, 
in addition to estimating the start and end dates of preg-
nancy, also estimates the start and end of the first, second 
and third trimesters and pregnancy outcomes for each 
pregnancy episode. Prescriptions issued by general prac-
titioners (GPs) are recorded using drug codes that equate 
to a unique product (described by the product name).

Study population
CPRD practices were deemed eligible 12 months after 
reporting up-to-standard date, the date at which the 
practice data are deemed to be of research quality [28]. 
Women were included in the study if they (1) had an 
acceptable patient flag (indicating sufficient data qual-
ity) [28], (2) were registered to an eligible general prac-
tice for a minimum of 12 months (to allow sufficient time 
to record patients’ baseline morbidity and demographic 
data) and (3) were aged between 15 and 49 years. Preg-
nancy episodes recorded within the eligibility period of 
eligible women formed the source cohort for this study. 
This included information on pregnancy start and out-
come for each unique pregnancy episode.

Each pregnancy was followed up from the start date of 
the first trimester until the earliest of the following end 
points: (1) pregnancy end date, (2) date the pregnant 
woman was transferred out of her GP practice, (3) death 
or (4) cessation of practice data contribution to CPRD.

For the primary analysis, pregnancies with (1) com-
plete follow-up during the first trimester and (2) com-
plete follow-up during the entire pregnancy period (all 
three trimesters) formed the denominator population 
for two cohorts. Uniform and complete follow-up across 
the denominator cohort was established to limit time-
window bias, whereby pregnant women with complete 
follow-up would have increased opportunity for their 
prescription data to be captured compared to pregnant 
women with incomplete follow-up. The first trimester 

cohort was specifically considered as the risk of terato-
genicity and fetotoxicity due to prescription drugs are 
higher during early pregnancy.

Pregnancies without complete follow-up of their first 
trimester will include those that resulted in pregnancy 
loss. To avoid selective exclusion of these pregnancies, a 
sensitivity analysis was performed in which pregnancies 
with or without complete follow-up were included, and 
prescriptions until the end of their pregnancy were cap-
tured. Women were considered lost to follow-up if they 
transferred out of their GP practice, died or the practice 
they were registered with stopped contributing to the 
CPRD database.

Subgroup analysis was performed on pregnancies of 
women affected by multimorbidity. For this study, mul-
timorbidity was defined as having 2 or more long-term 
physical or mental health conditions at the start of 
pregnancy. For long-term conditions that are episodic 
in nature, such as eczema, we considered them to be 
actively present at the start of pregnancy if they were 
diagnosed or treated for the same in the previous 12 
months. The list of 79 morbidities and their individual 
phenome definitions to identify multimorbidity status are 
described elsewhere [29].

Medication categories
The British National Formulary (BNF) is a hierarchi-
cal formulary of medications prescribed in the UK [30, 
31]. Nearly 350,000 medications and medical products 
are available in the CPRD database’s product diction-
ary. CPRD has classified these products into a list of 
1668 categories, assigning each product an eight-digit 
code broadly representing the BNF chapter and sec-
tion the product fits into. When a product was classified 
into more than one category, it was randomly assigned 
to a category to keep the medication categories mutu-
ally exclusive of their product components. Two GP 
researchers (AA and SIL) reviewed the category list to 
capture and exclude non-medicinal categories, referring 
to dressings and devices, medications used for acute care 
within secondary care settings and low-dose folic acid 
supplementation, which is advisable in all pregnancies. 
The remaining 577 BNF categories, from here on referred 
to as medication categories, were used in the analysis.

Statistical analysis
For each eligible pregnancy, the number of medication 
categories prescribed (out of the 577 medication catego-
ries) during the first trimester was counted. Polyphar-
macy prevalence during the first trimester for the overall 
study period was calculated as the number of eligible 
pregnancies with n number of medication categories 
prescribed during the first trimester (ranging from 2 to 
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11 or more medications) divided by the total number of 
eligible pregnancies with complete follow-up during the 
first trimester. Prevalence was then estimated annually 
for eligible pregnancies that were conceived in each year 
from 2000 to 2019. Cochran-Armitage test for prevalence 
trend was then conducted.

To identify the top 10 commonly prescribed medica-
tions during the first trimester, the proportion of preg-
nancies with a prescription for each medication category 
during the first trimester was calculated. This was done 
by dividing the number of pregnancies with a prescrip-
tion record of the medication during the first trimester 
by the total number of pregnancies with complete follow-
up during the first trimester.

From 577 individual medication categories, 166,176 
medication pairs were possible. To identify the top 10 
commonly prescribed medication pairs during the first 
trimester, the proportion of pregnancies with a pre-
scription for each of the 166,176 possible medication 
pairs during the first trimester was estimated. The top 
10 most common medication pairs prescribed for the 
management of two different long-term conditions were 
identified since the risk of polypharmacy is higher due 
to fragmented and specialist care of patients with mul-
timorbidity. For this, two GP researchers (AA and SIL) 
independently screened the medication pairs and listed 
those that were prescribed for the management of two 
different long-term conditions.

In a set of post hoc analyses, (1) the proportions of 
pregnancies with a prescription record for each possible 
individual and medication pairs were estimated during 
the preconception period (90 days prior to the start of 
pregnancy) and (2) a series of logistic regression models 
were run to assess the association between various risk 
factors and polypharmacy defined as 2 and 5 or more 
medications. The risk factors considered were maternal 
age, pre-gravid BMI, ethnicity, smoking status, gravidity, 
country of registered practice, number of pre-existing 
morbidities and socio-economic status.

All tabulations were repeated for pregnancy cohorts 
with complete follow-up throughout pregnancy, sub-
cohort of pregnancies affected by multimorbidity and 
all eligible pregnancies, i.e. pregnancies with or with-
out complete follow-up. Stata IC, version 16 (StataCorp 
LLC), was used to curate and analyse the data.

Results
Out of the 3,202,461 pregnancies available in the CPRD 
pregnancy register, 1,521,317 were eligible after imple-
mentation of the inclusion and exclusion criteria. Of 
these, 812,354 (53.4%) and 774,247 (50.9%) pregnancies 
had complete follow-up through the first trimester and 
the entire pregnancy respectively (Fig. S1).

Baseline characteristics
Table 1 presents the baseline characteristics of pregnan-
cies included in the primary analysis who were followed 
up through their first trimester period (n=812,354) 
and a subset of these pregnancies with multimorbidity 
[139,471 (17.2%)]. For the primary cohort, the mean age 
and body mass index (BMI) recorded prior to conception 
were 28.7 years (SD 6.0) and 25.3 kg/m2 (SD 5.6) respec-
tively. The pregnancies were predominantly of women 
from White ethnic background (46.3%), although 46.2% 
of the pregnancies had missing ethnicity data. Out of all 
pregnancies, 14.0% and 25.8% were of women who were 
ex-smokers and smokers prior to conception. Based on 
obstetric history, 30.0%, 27.4%, 18.9%, 10.9% and 12.8% 
of the pregnancies were the 1st, 2nd, 3rd, 4th and 5th or 
higher pregnancy respectively (this includes pregnancy 
losses).

Polypharmacy prevalence
Figure  1 presents polypharmacy prevalence during the 
first trimester and the entire pregnancy for the overall 
study period (2000–2019), according to a pre-defined 
range of definitions. During the first trimester, 24.6% of 
all pregnancies [95% CI (24.6–24.6%)] and 49.8% (49.7–
50.0%) of pregnancies of women with multimorbidity had 
two or more medications prescribed; 0.1% (0.1–0.1%) of 
all pregnancies and 0.7% (0.7–0.7%) of pregnancies of 
women with multimorbidity had 11 or more medications 
prescribed.

When considering the entire pregnancy period, 58.7% 
(58.7–58.8%) of all pregnancies and 80.3% (80.2–80.5%) 
of pregnancies of women with multimorbidity had two 
or more medications prescribed; 1.4% (1.4–1.4%) of 
all pregnancies and 5.5% (5.5–5.5%) of pregnancies of 
women with multimorbidity had 11 or more medications 
prescribed.

Figure S2 presents the polypharmacy prevalence from 
the sensitivity analyses including all pregnancies with or 
without complete follow-up.

Annual polypharmacy prevalence trend
Figure  2 presents the annual polypharmacy prevalence 
trend from 2000 to 2019 based on the polypharmacy 
definition of 2+ medications being prescribed. Among 
all pregnancies during the first trimester alone, the prev-
alence increased from 8.7 to 18.7% between 2000 and 
2019. Among pregnancies of women with multimorbid-
ity, during the first trimester, the prevalence increased 
from 24.3 to 39.8%. Although increments in polyphar-
macy were observed for the entire pregnancy period 
(p<0.001 from the Cochran-Armitage test), they were rel-
atively less steep compared to the first trimester period. 
Figure S3 presents the annual polypharmacy prevalence 
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trend based on the commonly used polypharmacy defi-
nition of 5+ medications being prescribed, and similar 
increasing trends are observed.

Commonly prescribed medications
Table  2 presents the top 10 medication categories that 
were prescribed during the first trimester and the entire 
pregnancy among pregnant women with complete first 
trimester follow-up and the proportion of pregnancies 
prescribed with those medications. The proportion of all 
medications prescribed is available in Table S1.

During the first trimester, the top three medications 
prescribed during pregnancy were broad-spectrum 
penicillins (6.6%), non-opioid compound analgesics 
(4.5%) and preparations for vaginal and vulval candidi-
asis (4.3%); when restricting to pregnancies of women 
with multimorbidity, the top three commonly prescribed 
medications were selective serotonin re-uptake inhibitors 
(SSRIs, 15.2%) and selective beta 2 agonists (11.3%) and 
broad-spectrum penicillins (10.0%). The common medi-
cations prescribed in the entire pregnancy were simi-
lar to the common medications prescribed in the first 
trimester.

In the sensitivity analysis presented in Table S2, the ten 
most commonly prescribed medications were broadly 
similar to those seen in the primary analysis. Progestogen 
products were prescribed in 4.7% of the pregnancies dur-
ing trimester one.

Commonly prescribed pairs of medications
Of the 166,176 possible pairs, a total of 29,470 pairs of 
medications were prescribed during the entire preg-
nancy. Table 3 presents the top 10 common medication 
pairs that were prescribed during the first trimester and 
the entire pregnancy among all pregnancies and preg-
nancies of women with multimorbidity. In addition, the 
medication pairs were screened to present those that are 
deemed to be prescribed for the management of two dif-
ferent long-term conditions.

When restricting to medications that were prescribed 
for the management of two different long-term condi-
tions, SSRIs and selective beta 2 agonists (1.8%), topical 
corticosteroids and selective beta 2 agonists (1.4%) and 
corticosteroids used in nasal allergy and selective beta 
2 agonists (1.3%) were commonly prescribed in the first 
trimester. All other medication pairs within the top 10 
were either in combination with SSRIs or selective beta 2 
agonists. Similar prescribing patterns for pairs of medica-
tions were observed for the entire pregnancy period.

In the sensitivity analysis, non-steroidal anti-inflam-
matory drugs (NSAIDs) and compound analgesics were 
prescribed in the first trimester in 0.54% of pregnancies. 
Otherwise, the common pairs identified in the sensitivity 

Table 1 Baseline characteristics of pregnancies included in the 
primary analysis and pregnancies of women with multimorbidity 
included in the subgroup analysis, followed up through their first 
trimester

BMI Body mass index, IMD Index of Multiple Deprivation

Variable All pregnancies Pregnancies of 
women with 
multimorbidity

Number of pregnancies (n=812,354) (n=139,471)

Age, years, n (%)

 15–19 68,741 (8.46) 6344 (4.55)

 20–24 151,734 (18.68) 22,575 (16.19)

 25–29 225,289 (27.73) 37,982 (27.23)

 30–34 232,213 (28.59) 42,468 (30.45)

 35–39 113,694 (14) 24,537 (17.59)

 40–44 19,480 (2.4) 5080 (3.64)

 45–49 1203 (0.15) 485 (0.35)

BMI, kg/m2, n (%)

 Underweight (<18.5) 28,295 (3.48) 5079 (3.64)

 Normal weight (18.5–24.9) 358,371 (44.12) 58,746 (42.12)

 Overweight (25–29.9) 164,972 (20.31) 31,156 (22.34)

 Obese (>30) 114,889 (14.14) 28,986 (20.78)

 Missing 145,827 (17.95) 15,504 (11.12)

Ethnicity, n (%)

 White 376,454 (46.3) 69,104 (49.6)

 Black 21,343 (2.6) 4905 (3.5)

 South Asian 22,597 (2.8) 3445 (2.5)

 Mixed race 4300 (0.5) 677 (0.5)

 Other race 12,745 (1.6) 2468 (1.8)

 Ethnicity data missing 374,915 (46.2) 58,872 (42.2)

Smoking status, n (%)

 Non-smoker 440,868 (54.3) 68,644 (49.2)

 Ex-smoker 113,620 (14.0) 23,663 (17.0)

 Smoker 209,927 (25.8) 43,634 (31.3)

 Smoking status missing 47,939 (5.9) 3530 (2.5)

Gravidity, n (%)

 1 243,736 (30.0) 34,083 (24.4)

 2 222,309 (27.4) 34,763 (24.9)

 3 153,286 (18.9) 27,182 (19.5)

 4 88,844 (10.9) 17,826 (12.8)

 5+ 104,179 (12.8) 25,617 (18.4)

Country, n (%)

 England 522,802 (64.7) 87,511 (62.7)

 Northern Ireland 42,278 (5.2) 8127 (5.8)

 Scotland 145,258 (17.9) 25,336 (18.2)

 Wales 102,016 (12.6) 18,497 (13.3)

IMD

 1 (most deprived) 219,238 (26.99) 38,260 (27.43)

 2 169,268 (20.84) 27,983 (20.06)

 3 153,936 (18.95) 26,904 (19.29)

 4 133,756 (16.47) 22,659 (16.25)

 5 (least deprived) 136,156 (16.76) 23,665 (16.97)

Number of pre-existing comor-
bidities, mean (SD)

1.35 (1.48) 3.49 (1.47)
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analysis were the same as those in the primary analysis. A 
list of all medications prescribed in pairs for the primary 
and sensitivity analyses is presented elsewhere in Table 
S3 and Table S4.

Risk factors for polypharmacy
During the first trimester of pregnancy, a U-shaped rela-
tionship was observed between maternal age and odds 
of polypharmacy. Women aged 15–19 and 45–49 years 
were at significantly higher odds of being prescribed 2+ 
medications compared to those aged 30–34 years [aOR 
2.16 (95% CI 2.12–2.21) and 1.86 (95% CI 1.64–2.10) 
respectively]. Compared to women with a record of nor-
mal pre-gravid BMI, women who were underweight, 
overweight and obese were at 8%, 16% and 55% higher 
odds of polypharmacy [aOR 1.08 (95% CI 1.05–1.11), 
1.16 (95% CI 1.14–1.18 and 1.55 (95% CI 1.53-1.57) 
respectively]. Compared to women of white ethnicity, 
women of black, South Asian, mixed and other ethnici-
ties were at significantly higher odds of polypharmacy 
[aOR 1.71 (95% CI 1.65–1.76), 2.40 (95% CI2.33–2.47), 
1.39 (95% CI 1.30–1.49) and 1.41 (95% CI 1.35–1.47) 
respectively]. Compared to non-smokers, women who 

were current or ex-smokers were at significantly higher 
odds of polypharmacy [aOR 1.19 (95% CI 1.18–1.20) 
and 1.05 (95% CI 1.03–1.06) respectively]. Women 
with higher gravidity were at higher odds compared 
to those who were gravida 1 [gravida 2: aOR 1.02 (95% 
CI 1.00–1.03), gravida 3: aOR 1.08 (95% CI 1.07–1.10), 
gravida 4: aOR 1.13 (95% CI 1.11–1.15) and gravida 5+ 
aOR 1.26 (95% CI 1.24–1.29)]. Women living in North-
ern Ireland, Scotland and Wales were at higher odds of 
polypharmacy than those living in England [aOR 2.09 
(95% CI 2.05–2.14), 1.58 (95% CI 1.56–1.60) and 1.40 
(95% CI 1.38–1.42) respectively]. An increasing number 
of morbidities was associated with increasing odds of 
polypharmacy. Women with two pre-existing morbidi-
ties had more than twice the odds of being prescribed 
two or more medications compared to women with no 
morbidities [aOR 2.59 (95% CI 2.55–2.63)]. Women liv-
ing in the most deprived areas were at higher odds than 
women living in the least deprived areas [OR 1.56 (95% 
CI 1.54–1.59)].

Similar trends were observed when considering (1) the 
most commonly used numerical definition of polyphar-
macy as the outcome (5 or more medications), (2) the 

(A) (B)

Fig. 1 Polypharmacy prevalence according to a range of definitions (2 to 11 or more medications) during A the first trimester and B the entire 
pregnancy, among pregnancies of all eligible women and pregnancies of women with multimorbidity, who were followed up completely through 
the respective periods of prevalence estimation (primary analysis)
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entire pregnancy period as a window for prescription and 
(3) the number of medications prescribed as a numerical 
outcome (Figs. S4 and S5).

Discussion
Main findings
This study used primary care electronic health records to 
describe polypharmacy prevalence and common medica-
tions prescribed during pregnancy in the UK. During the 
first trimester, where exposure to teratogens is of highest 
concern, one in four pregnancies of all women (24.6%) 
and one in two pregnancies of women with multimor-
bidity (49.8%) were prescribed two or more medications. 
During the entire pregnancy period, the prevalence of 
two or more medications being prescribed was even 
higher (58.7% and 80.3% respectively). Over the last two 
decades between 2000 and 2019, a significant increasing 
trend in the prevalence of polypharmacy was observed 
both among all pregnancies and pregnancies of women 
with multimorbidity.

Commonly prescribed medications during pregnancy 
were medications typically used to manage (1) preg-
nancy-related symptoms or illnesses such as oral iron, 
analgesia, laxatives, antiemetics and antacids; (2) bacte-
rial or fungal infections such as broad-spectrum peni-
cillin and preparation for vaginal and vulva candidiasis; 
(3) common mental health conditions such as SSRI; and 

(4) asthma and atopic conditions such as selective beta 2 
agonists and topical corticosteroids.

The 10 most common pairs of medications prescribed 
to manage two different long-term health conditions for 
pregnant women with multimorbidity in the first trimes-
ter all included pairings with either SSRI or selective beta 
2 agonist.

Pregnant women of younger or older age groups (<25 
and >35 years) with higher pre-gravid BMI, higher lev-
els of socio-economic deprivation, smoking or history 
of smoking and increasing levels of multimorbidity were 
associated with higher odds of prescription of 2 and 5 or 
more medications

Comparison with existing literature
The prevalence of polypharmacy during pregnancy 
observed in this study (defined as 2 or more medica-
tions prescribed) (58.7%) was comparable to the findings 
from a study in the Netherlands (62.4%) [32]. However, 
this was higher than the estimates reported in popula-
tion-based studies from Denmark (42.7%) [33], Ireland 
(29.4%) [12], China (9.2%) [9] and the Netherlands (4.9%) 
[34]. Similarly, the prevalence of polypharmacy for other 
numerical definitions estimated in this study is higher 
than the estimates reported by a Danish study (41.0% ver-
sus 2.7%, for the definition 3+ medication) [11], a North 
American study (27.8% versus 4.9%, for the definition 4+ 

Fig. 2 Polypharmacy (2 or more medications) prevalence trend from 2000 to 2019
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medication) [3] and a Finnish study (2.2% versus 0.2%, for 
the definition 10+ medication) [14].

Several reasons could be attributable to the higher 
prevalence of polypharmacy during pregnancy reported 
in this study. A variety of methods have been used in the 
literature to capture prescription data including phar-
macy records [9, 33, 34], national registries [11, 14, 15] 
and self-reported medication use [6, 12, 35–37]. In this 
study, we captured medications that were prescribed 
based on primary care records, which may or may not 
have been dispensed or taken, whereas in the other stud-
ies whereby pharmacy records or surveys were used, 
medication consumption would have been captured 
more accurately. Some of the studies collected data from 
an earlier time period than this study [11, 14], which 
corresponds with the lower prevalence of polyphar-
macy observed in the earlier period of our study, with 
an increasing trend thereafter. In our study, we included 
vitamins and minerals (apart from folic acid), which are 
commonly taken during pregnancy, although prescrip-
tion for these recorded within primary care is likely to 

reflect therapeutic use (such as therapeutic dose of oral 
iron for iron deficiency) as opposed to supplements, 
which are generally purchased over the counter. These 
prescriptions were excluded from a number of other 
studies [3, 11, 38]. The wide range of prevalence estimates 
reported in the literature may also be attributable to the 
differences in practices and healthcare systems interna-
tionally, such as payment for prescriptions out of pocket 
deterring patients from requesting prescriptions and the 
types of drugs that are available over the counter.

Common medications and the prevalence of their 
prescriptions observed during pregnancy in our study 
are broadly comparable to other previous studies. This 
includes antibiotics and treatments for asthma, allergy 
and anaemia [13, 32, 35]. Some differences in our findings 
from previously published literature [6], such as lower 
prevalence of products used against nausea and vertigo, 
may reflect the purchase of these products over the coun-
ter as opposed to procurement through prescription, 
which are best captured through self-reports and surveys 
than through primary care records as in our study.

Table 2 Top 10 medication categories that were commonly prescribed among all pregnancies and pregnancies of women with 
multimorbidity during first trimester and the entire pregnancy (primary analysis)

NB: Women with complete follow-up throughout the first trimester and through the entire pregnancy were included in the respective cohorts. Medications are 
presented as CPRD-specific BNF medication categories

Period All pregnancies Pregnancies of women with multimorbidity

Medication categories % of 
pregnancies 
prescribed

Medication categories % of 
pregnancies 
prescribed

First trimester (n=812,354) (n=139,471)
Broad‑spectrum penicillins 6.6% Selective serotonin re‑uptake inhibitors (SSRIs) 15.2%

Non‑opioid and compound analgesics 4.5% Selective beta 2 agonists 11.3%

Preparations for vaginal and vulval candidiasis 4.3% Broad‑spectrum penicillins 10.0%

Selective serotonin re‑uptake inhibitors (SSRIs) 4.1% Non‑opioid and compound analgesics 9.1%

Selective beta 2 agonists 3.9% Preparations for vaginal and vulval candidiasis 6.7%

Topical corticosteroids 3.3% Topical corticosteroids 6.3%

Compound alginate preparations 3.3% Thyroid hormones 5.9%

Oral iron 3.2% Compound alginate preparations 5.4%

Products used against nausea and vertigo 2.8% Corticosteroids (for respiratory conditions) 4.8%

Cephalosporins 2.6% Products used against nausea and vomiting 4.7%

Entire pregnancy (n=774,247) (n=132,391)
Oral iron 30.3% Oral iron 32.5%

Compound alginate preparations 19.1% Broad‑spectrum penicillins 26.0%

Broad‑spectrum penicillins 18.8% Compound alginate preparations 24.7%

Preparations for vaginal and vulval candidiasis 17.6% Preparations for vaginal and vulval candidiasis 23.5%

Non‑opioid and compound analgesics 11.9% Non‑opioid and compound analgesics 19.7%

Topical corticosteroids 8.4% Selective beta 2 agonists 18.4%

Cephalosporins 7.5% Selective serotonin re‑uptake inhibitors (SSRIs) 17.4%

Selective beta 2 agonists 7.3% Topical corticosteroids 13.7%

Osmotic laxatives 7.0% Osmotic laxatives 11.4%

Selective serotonin re‑uptake inhibitors (SSRIs) 4.9% Cephalosporins 10.4%
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Table 3 Top ten common medication pairs that were prescribed among all pregnancies and pregnancies of women with 
multimorbidity during first trimester and the entire pregnancy

Period All pregnancies Pregnancies of women with multimorbidity

Top 10 pairwise combinations 
prescribed

Top 10 pairwise combinations 
prescribed

Top 10 pairwise combinations 
prescribed for two different long-
term conditions

Combinations of 
medication categories

% of 
pregnancies 
prescribed

Combinations of 
medication categories

% of 
pregnancies 
prescribed

Combinations of 
medication categories

% of 
pregnancies 
prescribed

First trimester (n=812,354) (n=139,471)
Corticosteroids (for res‑
piratory conditions)

1.2% Corticosteroids (for res‑
piratory conditions)

3.4% Selective serotonin re‑
uptake inhibitors (SSRIs)

1.8%

Selective beta 2 agonists Selective beta 2 agonists Selective beta 2 agonists

Broad‑spectrum penicil‑
lins

0.8% Selective serotonin re‑
uptake inhibitors (SSRIs)

2.2% Topical corticosteroids 1.4%

Preparations for vaginal 
and vulval candidiasis

Non‑opioid and com‑
pound analgesics

Selective beta 2 agonists

Broad‑spectrum penicil‑
lins

0.8% Broad‑spectrum penicil‑
lins

2.1% Corticosteroids used in 
nasal allergy

1.3%

Non‑opioid and com‑
pound analgesics

Selective beta 2 agonists Selective beta 2 agonists

Broad‑spectrum penicil‑
lins

0.7% Selective serotonin re‑
uptake inhibitors (SSRIs)

1.8% Non‑sedating antihista‑
mines

1.3%

Selective beta 2 agonists Selective beta 2 agonists Selective beta 2 agonists

Emollient skin prepara‑
tions

0.6% Broad‑spectrum penicil‑
lins

1.8% Proton pump inhibitors 1.1%

Topical corticosteroids Selective serotonin re‑
uptake inhibitors (SSRIs)

Selective serotonin re‑
uptake inhibitors (SSRIs)

Non‑opioid and com‑
pound analgesics

0.5% Broad‑spectrum penicil‑
lins

1.7% Selective serotonin re‑
uptake inhibitors (SSRIs)

1.0%

Non‑steroidal anti‑
inflammatory drugs

Non‑opioid and com‑
pound analgesics

Topical corticosteroids

Non‑opioid and 
compound analgesics 
selective

0.5% Non‑opioid and com‑
pound analgesics

1.5% Corticosteroids in 
chronic bowel problems

1.0%

Serotonin re‑uptake 
inhibitors (SSRIs)

Selective beta 2 agonists Selective beta 2 agonists

Compound alginate 
preparations

0.5% Broad‑spectrum penicil‑
lins

1.5% Selective serotonin re‑
uptake inhibitors (SSRIs)

0.8%

Non‑opioid and com‑
pound analgesics

Preparations for vaginal 
and vulval candidiasis

Thyroid hormones

Broad‑spectrum penicil‑
lins

0.4% Emollient skin prepara‑
tions

1.4% Non‑sedating antihista‑
mines

0.7%

Selective serotonin re‑
uptake inhibitors (SSRIs)

Topical corticosteroids Selective serotonin re‑
uptake inhibitors (SSRIs)

Non‑opioid and com‑
pound analgesics

0.4% Selective beta 2 agonists 1.4% Emollient skin prepara‑
tions

0.7%

Preparations for vaginal 
and vulval candidiasis

Topical corticosteroids Selective beta 2 agonists
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NB: Women with complete follow-up throughout the first trimester and through the entire pregnancy were included in the respective cohorts. Medications are 
presented as CPRD-specific BNF medication categories. Combinations of medications that were considered to be prescribed for multimorbidity are medications that 
were used for the long-term physical or mental health conditions defined in our list of 79 conditions

Table 3 (continued)

Period All pregnancies Pregnancies of women with multimorbidity

Top 10 pairwise combinations 
prescribed

Top 10 pairwise combinations 
prescribed

Top 10 pairwise combinations 
prescribed for two different long-
term conditions

Combinations of 
medication categories

% of 
pregnancies 
prescribed

Combinations of 
medication categories

% of 
pregnancies 
prescribed

Combinations of 
medication categories

% of 
pregnancies 
prescribed

Entire pregnancy (n=774,247) (n=132,391)

Compound alginate 
preparations

7.2% Compound alginate 
preparations

9.7% Selective beta 2 agonists 3.7%

Oral iron Oral iron Topical corticosteroids

Broad‑spectrum penicil‑
lins

6.7% Broad‑spectrum penicil‑
lins

9.5% Selective beta 2 agonists 3.2%

Oral iron Oral iron Selective serotonin re‑
uptake inhibitors (SSRIs)

Oral iron 6.4% Oral iron 8.9% Corticosteroids used in 
nasal allergy

3.1%

Preparations for vaginal 
and vulval candidiasis

Preparations for vaginal 
and vulval candidiasis

Selective beta 2 agonists

Broad‑spectrum penicil‑
lins

5.2% Broad‑spectrum penicil‑
lins

8.5% Selective serotonin re‑
uptake inhibitors (SSRIs)

2.3%

Preparations for vaginal 
and vulval candidiasis

Preparations for vaginal 
and vulval candidiasis

Topical corticosteroids

Compound alginate 
preparations

4.7% Broad‑spectrum penicil‑
lins

7.8% Corticosteroids in 
chronic bowel problems

2.3%

Preparations for vaginal 
and vulval candidiasis

Compound alginate 
preparations

Selective beta 2 agonists

Broad‑spectrum penicil‑
lins

4.7% Non‑opioid and com‑
pound analgesics

7.7% Non‑sedating antihista‑
mines

2.2%

Compound alginate 
preparations

Oral iron Selective beta 2 agonists

Non‑opioid and com‑
pound analgesics

4.6% Compound alginate 
preparations

7.5% Emollient skin prepara‑
tions

2.1%

Oral iron Preparations for vaginal 
and vulval candidiasis

Selective beta 2 agonists

Broad‑spectrum penicil‑
lins

3.9% Broad‑spectrum penicil‑
lins

7.4% Proton pump inhibitors 1.8%

Non‑opioid and com‑
pound analgesics

Non‑opioid and com‑
pound analgesics

Selective serotonin re‑
uptake inhibitors (SSRIs)

Compound alginate 
preparations

3.7% Broad‑spectrum penicil‑
lins

7.1% Corticosteroids (for res‑
piratory conditions)

1.7%

Non‑opioid and com‑
pound analgesics

Selective beta 2 agonists Topical corticosteroids

Non‑opioid and com‑
pound analgesics

3.2% Compound alginate 
preparations

7.0% Corticosteroids used in 
nasal allergy

1.6%

Preparations for vaginal 
and vulval candidiasis

Non‑opioid and com‑
pound analgesics

Topical corticosteroids
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Some of the risk factors for polypharmacy during 
pregnancy observed in our study have previously been 
described in other studies by Zhang et al. [9] and Cleary 
et al. [12], including higher maternal age and smoking as 
risk factors for higher number of medications used and 
prescription of US Food and Drug Administration (FDA) 
category D/X medications (with a positive evidence of 
human foetal risk) during pregnancy. However, neither of 
the studies suggested younger maternal age as a risk factor.

Strengths and limitations
This study has important strengths, including the large 
cohort size of 1.5 million eligible pregnancies and 812,354 
of them with complete follow-up of their first trimester, 
from a primary care database that is broadly generalizable 
to the UK. To our knowledge, this is the first study report-
ing on polypharmacy prevalence and common prescrip-
tions, both individually and in pairs during pregnancy (1) 
over the last two decades, (2) within the UK and (3) in a 
sub-cohort of pregnant women with multimorbidity.

However, our specified definition of polypharmacy 
(prescription of multiple medications, ranging from 2 to 
11 or more medications within a pre-defined pregnancy 
period, either the first trimester or the entire pregnancy 
period) had its limitations. It was not possible to deter-
mine the appropriateness of the medications prescribed 
as the indications for medications are not available in our 
dataset and the size of the cohort would prohibit a case-
by-case examination. We are also unable to determine 
whether medications were prescribed concomitantly. 
Furthermore, our definition of polypharmacy was based 
only on primary care prescriptions, we do not know if the 
medication was actually dispensed and taken [39] and 
we did not capture over the counter and secondary care 
medication that could have over- or under-estimated our 
findings respectively.

Of the pregnancies recorded in the CPRD GOLD preg-
nancy register, 52.4% were excluded based on standard 
practice exclusion criteria due to patient or practice ineli-
gibility at the start of pregnancy. Furthermore, 22.1% of 
pregnancies were excluded due to the incomplete follow-
up of their first trimester. To examine for potential selec-
tion bias, we conducted a sensitivity analysis to include 
all eligible pregnancies with or without complete follow-
up, in which where we observed similar findings.

Clinical and research implication
Polypharmacy is known to be associated with multimor-
bidity in the general population [40, 41]. However, much 
research on polypharmacy has focused on older people [42, 
43], with less attention given to pregnant women and women 
of childbearing age. As observed in our analysis, pregnancy 

is often associated with the prescription of medications 
to manage common pregnancy-related symptoms and ill-
nesses such as pain, nausea and dyspepsia. The need for 
these medications will further add to the medication burden 
for women with multimorbidity who may already be taking 
regular medications for their underlying long-term health 
conditions. This was confirmed in our study findings: the 
prevalence of polypharmacy was considerably higher among 
pregnancies of women with multimorbidity compared to 
all pregnancies in general and the relative difference in their 
prevalence increased with the number of medications con-
sidered in the polypharmacy definition (Fig. 1).

In women with multimorbidity, SSRI was the most pre-
scribed medication during the first trimester (15.2%) and 
the seventh most common medication prescribed during 
the entire pregnancy period (17.4%). Also, among the com-
mon pairs of medication, SSRI was frequently observed. 
This reflects the high prevalence of mental health con-
ditions among pregnant women with multimorbidity 
observed in our previous study [1]. Given the uncertainties 
of antidepressant treatment safety during pregnancy [44], 
and the competing risks of untreated mental health condi-
tions [45], this area warrants further research.

Our findings assessing the risk factors for polypharmacy 
suggested women between the age of 25 and 34 were at the 
lowest risk of polypharmacy during pregnancy, with risk 
increasing with both increasing and decreasing maternal 
age away from the central pregnancy age of 25–34 years. 
Women who were pregnant during their teenage years 
had more than twice the odds of being prescribed multiple 
medications compared to women who were pregnant at the 
age of 30–34. This may be attributable to women below the 
age of 20 being entitled to free prescriptions [46]. Further-
more, teenage pregnant women are more likely to receive 
supplementation for prevention of iron deficiency anaemia 
and treatments for sexually transmitted infections [47].

There is growing recognition that medications for long-
term conditions should be continued during pregnancy 
if it is safe and if the benefit outweighs the risk. Notably, 
the assessment of teratogenic risk is primarily focused on 
the use of individual medications. Less is known about 
the combined effect of medications taken concomitantly 
during pregnancy. To empower women and clinicians, we 
need more research on the effect of combined medications 
taken during pregnancy to the women and the foetus.

Conclusions
The prevalence of polypharmacy has increased over the 
past two decades, particularly in women with multimor-
bidity. Risk factors for polypharmacy include younger or 
older maternal age away from the central pregnancy age 
of 25–34 years, overweight or obese BMI, smoking or 
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history of smoking, higher gravidity, pre-existing mor-
bidities and low socio-economic status. Well-conducted 
pharmaco-epidemiological research is needed to under-
stand the combined effects of multiple medications on 
both maternal and foetal outcomes.
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