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Abstract

Background Medication reviews in primary care provide an opportunity to review and discuss the safety and appro-
priateness of a person’s medicines. However, there is limited evidence about access to and the impact of routine
medication reviews for older adults in the general population, particularly in the UK. We aimed to quantify the propor-
tion of people aged 65 years and over with a medication review recorded in 2019 and describe changes in the num-
bers and types of medicines prescribed following a review.

Methods We used anonymised primary care electronic health records from the UK's Clinical Practice Research Data-
link (CPRD GOLD) to define a population of people aged 65 years or over in 2019. We counted people with a medi-
cation review record in 2019 and used Cox regression to estimate associations between demographic characteris-
tics, diagnoses, and prescribed medicines and having a medication review. We used linear regression to compare

the number of medicines prescribed as repeat prescriptions in the three months before and after a medication
review. Specifically, we compared the‘prescription count’- the maximum number of different medicines with overlap-
ping prescriptions people had in each period.

Results Of 591,726 people prescribed one or more medicines at baseline, 305,526 (51.6%) had a recorded medica-
tion review in 2019. Living in a care home (hazard ratio 1.51, 95% confidence interval 1.40-1.62), medication review
in the previous year (1.83, 1.69-1.98), and baseline prescription count (e.g. 5-9 vs 1 medicine 1.41, 1.37-1.46) were
strongly associated with having a medication review in 2019. Overall, the prescription count tended to increase
after a review (mean change 0.13 medicines, 95% Cl 0.12-0.14).

Conclusions Although medication reviews were commonly recorded for people aged 65 years or over, there was lit-
tle change overall in the numbers and types of medicines prescribed following a review. This study did not examine
whether the prescriptions were appropriate or other metrics, such as dose or medicine changes within the same class.
However, by examining the impact of medication reviews before the introduction of structured medication review
requirements in England in 2020, it provides a useful benchmark which these new reviews can be compared with.

*Correspondence:

Ruth H. Jack

ruth.jack@nottingham.ac.uk

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


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/s12877-023-04143-2&domain=pdf
http://orcid.org/0000-0002-0147-0712
http://orcid.org/0000-0003-1646-8321
http://orcid.org/0000-0002-2327-3306
http://orcid.org/0000-0002-8875-5779
http://orcid.org/0000-0002-3030-5257
http://orcid.org/0000-0001-9075-927X
http://orcid.org/0000-0001-9720-1180
http://orcid.org/0000-0003-4529-8237
http://orcid.org/0000-0002-2958-915X
http://orcid.org/0000-0001-7591-4438
http://orcid.org/0000-0003-4009-020X

Joseph et al. BMC Geriatrics (2023) 23:435

Page 2 of 12

[ Keywords Medication Review, Polypharmacy, General Practice, Older Adults, Routinely Collected Health Data }

Introduction

The number of people living with multiple chronic con-
ditions is increasing, and with it the number of people
taking multiple medicines [1]. In 2015, the proportion
of people aged 65 years or over taking five or more
medicines ranged from 26% to 40% across 17 European
countries [2]. Polypharmacy (use of multiple medicines)
is associated with several adverse outcomes including
increased risk of adverse drug reactions and other med-
icine-related problems, such as inappropriate prescribing
[3-5], and a negative impact on adherence [6] and qual-
ity of life [7]. Ongoing prescribing of medicines that are
no longer required or no longer appropriate is a problem
recognised in the UK Department for Health and Social
Care’s National Overprescribing Review, which recom-
mends medication reviews as one tool for addressing
inappropriate prescribing [8].

In the United Kingdom (UK), prescribers are expected
to perform regular medication reviews for people pre-
scribed repeat medicines. Between 2004 and 2013,
English general practices were incentivised to perform
medication reviews every 15 months for people pre-
scribed repeat medicines as part of the national Quality
and Outcomes Framework (QOF) [9], and medication
review targets are still included for some conditions (e.g.
heart failure [10]). In general practice, a typical medica-
tion review may involve a consultation with the patient
or a review of medical records [11], and may be led by a
general practitioner (GP), practice-based pharmacist, or
other appropriate healthcare professional. Certain indi-
viduals may be offered a structured medication review,
defined by the National Institute for Health and Care
Excellence (NICE) as ‘a critical examination of a per-
son’s medicines with the objective of reaching an agree-
ment with the person about treatment, optimising the
impact of medicines, minimising the number of medi-
cation-related problems and reducing waste’ [12]. How-
ever, these structured medication reviews are targeted to
specific populations [12, 13], and may not be the experi-
ence of many people prescribed long-term medicines.

As existing evidence focuses on structured medication
reviews, there is little evidence about access to and the
impact of typical medication reviews in the wider UK
population. One cross-sectional study conducted in Swe-
den compared people with and without a recorded medi-
cation review. They found recorded medication reviews
were more common in people with conditions including
type 2 diabetes, hypertension, and depression, and where
medication reviews were incentivised [14].

Typical medication reviews in general practice may
be the only opportunity to check the appropriateness
of medicines for large numbers of people. It is therefore
important that there are no inequalities in access to these
reviews, and that they can result in changes to prescrib-
ing where necessary. The current study explored some of
these issues in a large population-based cohort of older
adults. The study aims were 1) to quantify the numbers
of people aged 65 years or over with a recorded medica-
tion review in 2019, 2) to test for differences in likelihood
of having a medication review by person characteristics,
and 3) to test for changes to the types and numbers of
medicines prescribed before and after a medication
review.

Methods

Design and data source

This was an observational study using electronic health
records (EHR) to capture medication reviews recorded
from 01 January 2019 to 31 December 2019. We focused
on reviews occurring in 2019 as the last complete year
before the introduction of the new Structured Medica-
tion Review guidelines [13]. We used data from the UK’s
Clinical Practice Research Datalink (CPRD GOLD), a
database of anonymised routinely collected primary care
EHR. CPRD patients are representative of the UK pop-
ulation in terms of age and sex, and in 2013 it was esti-
mated that 6.9% of the total UK population were included
[15]. The data are captured as part of routine healthcare
delivery and administration, and include demographic
and lifestyle characteristics, symptoms and diagnoses,
test results, prescriptions issued in primary care, and
other clinical events. Clinical information is coded using
Read codes (v2). We used the CPRD GOLD dataset (May
2022 build) linked with person-level and practice-level
deprivation data (Townsend Score quintile [16], linkage
based on post code).

Study population

The study included people aged 65 years and over in
2019 with at least one year of ‘up-to-standard’ [15] (a
marker of data quality) follow-up in CPRD before 01
January 2019. Individual patient follow-up was from 01
January 2019 to the earliest of death, leaving the practice,
or last practice data collection date. Due to small num-
bers (n=13), we excluded people with missing/unclassi-
fied sex. For the analysis looking at numbers of people
having a medication review, we excluded people with
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no ongoing prescriptions at baseline (defined below)
and censored follow-up at first medication review or
31 December 2019. For the analyses comparing types
and numbers of medicines prescribed before and after
a medication review, we included only people who had
a medication review in 2019 and at least three months’
follow-up after the review. When comparing numbers of
medicines, we also excluded people with no prescriptions
in the three months prior to their medication review, and
with an extreme change in count (more than three stand-
ard deviations (SDs) from the mean — see later).

Medication reviews

Medication reviews recorded during 2019 were identi-
fied using a pre-defined list of Read codes (see Additional
File 1, table S1.1; also available online — see data shar-
ing statement). The code list was developed by searching
the code dictionary for relevant terms. The final list was
approved by the research team, which includes practic-
ing general practitioners (AJA, BI). The first medication
review recorded in 2019 was the event of interest and any
subsequent reviews are not included in the study. Medi-
cation reviews were classified according to the consulta-
tion type (face-to-face, telephone, other) and staff role
(pharmacist, GP, nurse, admin, other) associated with
each record (details in Additional File 1). As a sensitivity
analysis, we used a conservative definition of medication
reviews including only reviews recorded during face-to-
face or telephone consultations, and excluding reviews
for specific medicines/conditions, identified using Read
codes (see Additional File 1, table S1.1).

Prescribed medicines and prescription count

We derived the numbers and types of medicines pre-
scribed at baseline, and in the three months before and
three months after a medication review. Medicines
were classified by drug substance and formulation, Brit-
ish National Formulary (BNF) [17] paragraph, and BNF
chapter, and prescriptions were classified according to
whether they were issued as a repeat prescription (yes/
no). We excluded products in BNF chapters 14 (Immu-
nological Products and Vaccines) and 15 (Anaesthesia),
and non-medicinal products such as dressings, devices,
and garments. The number of prescribed medicines
(referred to as the ‘prescription count’) was defined as
the number of unique medicines with prescriptions that
overlapped for at least one day. The duration of each
prescription was estimated using a similar approach to
Pye et al. [18], using information about quantity pre-
scribed and daily dose, and making different assump-
tions based on drug classes and formulations. Products
with the same drug substance but different formula-
tions were classified separately. The prescription count
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was categorised as 0, 1, 2-4, 5-9, 10-14, 15-20, and
20+ prescribed medicines. Further details are given in
Additional File 1 and the data processing code is avail-
able online (see data sharing statement).

Other variables

Baseline variables were defined with respect to 01 Janu-
ary 2019 and were modelled as binary or categorical
variables, except age (continuous, and categorised into
10-year bands). These variables were: age in 2019, sex,
ethnicity, deprivation (quintile of Townsend Score [16],
person-level if available, otherwise practice-level), prac-
tice region (grouped as Scotland, Wales, Northern Ire-
land, London, rest of England), smoking status, alcohol
intake, body mass index (BMI), having a medication
review in the previous year, whether the person was liv-
ing in a care home, diagnoses mentioned in the Struc-
tured Medication Review guidelines [13], the Quality and
Outcomes Framework [19], or the New Medicine Service
[20], and baseline medicines commonly associated with
medication errors [21]. The diagnoses included were:
atrial fibrillation, cancer, chronic kidney disease, chronic
obstructive pulmonary disease (COPD), coronary heart
disease, dementia, depression, anxiety, diabetes, epilepsy,
heart failure, hypertension, hypothyroidism, learning
disability, mental health disorder (schizophrenia, bipo-
lar affective disorder, or other psychosis), obesity, osteo-
porosis, being on the palliative care pathway, peripheral
arterial disease, rheumatoid arthritis, stroke or transient
ischaemic attack (TIA), asthma, dyslipidaemia, gout,
glaucoma, Parkinson’s disease, benign prostatic hyper-
plasia, urinary incontinence or retention, mobility prob-
lems, thrombosis or thrombophilia, and frailty (severe
frailty, recent fall, recent fracture). Where available, we
used existing Read code lists to define these variables.
These were sourced from the ClinicalCodes repository
[22], the HDR-UK Phenotype Library [23, 24], Open-
Codelists [25], QOF business rules [26], and individual
papers (see Additional File 1). Baseline medicines were
considered present if prescribed on or in the six-months
before 01 January 2019 and included: non-steroidal anti-
inflammatory drugs (NSAIDs), aspirin/antiplatelet medi-
cines, renin-angiotensin system drugs, diuretics, opioids
including combination analgesics, antidepressants, antip-
sychotics, bisphosphonates, benzodiazepines and z-drugs,
gabapentinoids, inhaled long-acting beta-antagonists and
corticosteroids, lithium, and anticholinergic medicines.
Finally, we created indicator variables for medicines with
ongoing prescriptions at baseline (i.e., with start and stop
dates spanning 01 January 2019), at BNF-chapter level.
Further details about how we defined the variables in this
paragraph are given in Additional File 1.
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Analysis - quantifying and describing people who had

a medication review

We summarised the baseline characteristics of the pop-
ulation of people with at least one ongoing prescription
on 01 January 2019. We assessed the association between
baseline characteristics and having a medication review
in 2019 using Cox regression in order to take follow-
up time into account. We performed unadjusted mod-
els, age-sex adjusted models, and multivariable models
including demographic and clinical characteristics, and
tested the proportional hazards assumption by examin-
ing log-log plots of survival and comparing observed and
predicted Kaplan Meier survival plots.

Analysis - comparing medicines prescribed

before and after a medication review

When comparing types of medicines, we included only
medicines flagged as repeat prescriptions to reduce noise
from short-course medicines (e.g., anti-infective medi-
cation), which were overrepresented when considering
medicines prescribed only before or only after a review
(see Additional File 3 Figure S3.4 for results including
all medicines). For simplicity and readability, we refer to
medicines only prescribed before a review as ‘stopped,
medicines only prescribed after a review as ‘started; and
medicines prescribed before and after a review as ‘con-
tinued’ We ranked the twenty medicines most frequently
stopped and/or started after a medication review, and
counted the numbers of people who stopped, started,
or continued each medicine. These results are presented
graphically.

To assess the change in maximum prescription count,
we calculated the difference between maximum prescrip-
tion count after the review and maximum prescription
count before the review. We then excluded people with
a change in count more than three SDs from the mean,
reducing skew when breaking down results by original
prescription count. After confirming the change in pre-
scription count had a Normal distribution, overall (Addi-
tional File 2 Figure S2.1) and for the different levels of the
categorical variables, we used multivariable-adjusted lin-
ear regression to test the association between change in
prescription count and demographic characteristics, pre-
scription count before the review, consultation type, and
staff role.

A ‘missing’ category was used to summarise variables
with missing values (smoking status, alcohol intake, BMI,
ethnicity, consultation type, staff role). Of these vari-
ables, only consultation type and staff role were included
in regression models (using the ‘missing’ category). All
regression models accounted for practice-level cluster-
ing by specifying robust standard errors that allowed
for intragroup correlation. Results are shown with 95%
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confidence intervals (CI) and exact p-values. Data prep-
aration and analyses were performed using Stata MP
v17.0. The Stata do-files to replicate the whole analysis
are available online (see data sharing statement).

Sensitivity analyses

We repeated all analyses using the conservative defini-
tion of medication reviews and assessed change in type
and number of medicines prescribed before and after a
review using different time windows: 6 months before
and after, 3 months before vs 1-4 months after (in order
to account for any gradual changes, such as tapering
medicines before they were stopped), and 1 month before
and after.

Patient and participant involvement

The study team includes three patient and participant
involvement representatives (DB, LG, DW) who helped
define the study aims and who have provided insights on
our study design, methods, and interpretation.

Results

Quantifying and describing people who had a medication
review

Figure 1 shows the number of people included in each
part of the analysis. The original dataset contained
722,404 males and females aged 65 years and over with
at least one year of up-to-standard follow-up prior to 01
January 2019 (baseline). After excluding 130,678 (18.1%)
people with no ongoing prescriptions on 01 January
2019, 591,726 people remained in the study population
for the first part of the analysis. The median age in this
group was 74 years (interquartile range 70 to 81 years),
and 54.5% were female. Key baseline characteristics are
presented in Table 1, and further clinical details are pre-
sented in Additional File 2 Table S2.1.

Out of the 591,726 people in this part of the analysis,
305,526 (51.6%) had at least one medication review in
2019. Of these, 73.2% had a single medication review.
Considering only the first recorded medication reviews,
45.5% were recorded during face-to-face or telephone
consultations and 67.2% were recorded by GPs (Table 2).

Results of unadjusted, age-sex-adjusted, and multi-
variable-adjusted Cox regression models are shown in
Table 3 (full results for the models are given in Additional
File 2 Table S2.2). In the unadjusted and age-sex adjusted
models, most baseline diagnoses and prescribed medi-
cines were associated with an increased likelihood of
having a medication review (Additional File 2 Table S2.2).
For diagnoses and prescribed medicines, the largest asso-
ciations with having a medication review were for atrial
fibrillation (age-sex adjusted hazard ratio (HR) 1.29, 95%
CI 1.25 to 1.33) and antipsychotics (age-sex adjusted
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Males and females aged 65 years or over with at least
one year of up-to-standard follow-up* in CPRD by n=722,404
01 Jan 2019:
No ongoing prescriptions on 01 Jan 2019: n130,678{ j/%sg nTc?r?tir?:’ti%rl]l(;sv\if;vexigezrorja?/zierxf‘r?fg;z;
Included in analysis quantifying ,I[n(:leusdgsrl:ezince;rl]fsls (rxe)g::?i?)relr(]jg
and describing people who had n=591,726 yp P n=309,207

a medication review in 2019:

before and after a medication
review:

No prescriptions in 3 months before review: n=11,949
Change in count >3SD from mean: n=5311

Included in analysis comparing
numbers of medicines
prescribed before and after a
medication review:

n=291,947

Fig. 1 Flow diagram showing people included in each part of the study. CPRD Clinical Practice Research Datalink, n number of people, SD standard

deviation. *a marker of data quality in CPRD

HR 1.38, 95% CI 1.32 to 1.44), respectively. In the fully
adjusted model, living in a care home (HR 1.51, 95% CI
1.40 to 1.62), medication review in the previous year (HR
1.83, 95% CI 1.69 to 1.98), and increasing prescription
count at baseline (HR for 5-9 medicines vs 1 medicine
1.41, 95% CI 1.37 to 1.46) were most strongly associated
with having a review (Table 3). There was only a weak
association between older age and having a medication
review (HR for 75-84 vs 65-74 years 1.03, 95% CI 1.02 to
1.05), and no association for sex (HR 1.00, 95% CI 0.99 to
1.01 for male vs female). There were differences accord-
ing to UK region, with people at practices in London (HR
0.62, 95% CI 0.47 to 0.81) and the rest of England (HR
0.77, 95% CI 0.65 to 0.91) less likely to have a recorded
medication review than Scotland (the largest group in
this case).

In a sensitivity analysis using the conservative defini-
tion of medication reviews, 142,576 people (24.1% of the
eligible population) had a medication review in 2019. The
Cox regression results were broadly similar to the main
analysis (Additional File 2 Table S2.3). One notable dif-
ference was in the association with practice region: com-
pared to Scotland, people at practices in Wales were more

likely to have a recorded medication review (HR 1.29,
95% CI 1.10 to 1.50) and people at practices in Northern
Ireland less likely (HR 0.66, 95% CI 0.49 to 0.90). There
was no significant difference between people at practices
in London or the rest of England and people at practices
in Scotland.

Medicines prescribed before and after medication reviews
As shown in Fig. 1, 309,207 people who had a medication
review in 2019 and at least three months of follow-up
after their medication review were included in this part
of the analysis. Characteristics of these people are sum-
marised in Additional File 2, Table S2.4.

Figure 2 shows the twenty medicines most frequently
stopped or started in the three months after compared to
three months before a medication review (see Additional
File 2 Figure S2.5 for the corresponding statistics). This
figure is restricted to tablets, but a version including all
formulations is provided in Additional File 3. For the med-
icines shown, most people had prescriptions both before
and after a medication review. From this list, four medi-
cines were slightly more frequently stopped than started
(aspirin, simvastatin, bendroflumethiazide, and warfarin).
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Table 1 Characteristics of the study population as of 01 January 2019

Medication review in 2019

No Yes Whole study population
Overall count (number of people) 286,200 305,526 591,726
Age group (years) in 2019
65-74 149,168 (52.1%) 147,918 (48.4%) 297,086 (50.2%)
75-84 96,114 (33.6%) 110,534 (36.2%) 206,648 (34.9%)
85-94 36,970 (12.9%) 43,127 (14.1%) 80,097 (13.5%)
95+ 3,948 (1.4%) 3,947 (1.3%) 7,895 (1.3%)
Sex
Male 130,550 (45.6%) 138,847 (45.4%) 269,397 (45.5%)
Female 155,650 (54.4%) 166,679 (54.6%) 322,329 (54.5%)
Ethnicity
Asian/British Asian 2,201 (0.8%) 2,184 (0.7%) 4,385 (0.7%)
Black/Black British 569 (0.2%) 484 (0.2%) 1,053 (0.2%)
Mixed 282 (0.1%) 229 (0.1%) 511 (0.1%)
Other 1,072 (0.4%) 1,033 (0.3%) 2,105 (0.4%)
White 143,017 (50.0%) 140,015 (45.8%) 283,032 (47.8%)
Missing 139,059 (48.6%) 161,581 (52.9%) 300,640 (50.8%)
Townsend Score quintile
Quintile 1 (least deprived) 42,823 (15.0%) 44,588 (14.6%) 87,411 (14.8%)
Quintile 2 50,671 (17.7%) 7 (17.1%) 102,788 (17.4%)
Quintile 3 80,077 (28.0%) 05 (28.5%) 167,182 (28.3%)
Quintile 4 74,446 (26.0%) 79,073 (25.9%) 153,519 (25.9%)
Quintile 5 (most deprived) 38,183 (13.3%) 42,643 (14.0%) 80,826 (13.7%)
Practice region
Scotland 101,940 (35.6%) 132,131 (43.2%) 234,071 (39.6%)
Wales 74,115 (25.9%) 94,792 (31.0%) 168,907 (28.5%)
Northern Ireland 23,214 (8.1%) 22,205 (7.3%) 45419 (7.7%)
London 12,984 (4.5%) 6,523 (2.1%) 19,507 (3.3%)
Rest of England 73,947 (25.8%) 49,875 (16.3%) 123,822 (20.9%)
Number of ongoing prescriptions at baseline
1 42,825 (15.0%) 24,454 (8.0%) 67,279 (11.4%)
2-4 114,980 (40.2%) 106,088 (34.7%) 221,068 (37.4%)
5-9 101,209 (35.4%) 130,820 (42.8%) 232,029 (39.2%)
10-14 23,437 (8.2%) 37,335 (12.2%) 60,772 (10.3%)
15-19 3,338(1.2%) 6,028 (2.0%) 9,366 (1.6%)
20+ 411(0.1%) 801 (0.3%) 1,212 (0.2%)
Medication review in previous year (2018) 120,457 (42.1%) 207,071 (67.8%) 327,528 (55.4%)
Living in a care home 3,892 (1.4%) 7,569 (2.5%) 11,461 (1.9%)
Medicines prescribed in the 6 months prior to baseline
NSAIDS (non-steroidal anti-inflammatory drugs) 21,485 (7.5%) 23,446 (7.7%) 44,931 (7.6%)
Oral anticoagulants 26,574 (9.3%) 39,351 (12.9%) 65,925 (11.1%)
Aspirin/antiplatelet medicines 67,694 (23.7%) 84,330 (27.6%) 152,024 (25.7%)
Renin-angiotensin system drugs 108,410 (37.9%) 133,328 (43.6%) 1,738 (40.9%)
Diuretics 64,005 (22.4%) 82,012 (26.8%) 146,077 (24.7%)
Opioids (including combination painkillers) 65,708 (23.0%) 83,406 (27.3%) 149,114 (25.2%)
Antidepressants 53,880 (18.8%) 71,215 (23.3%) 125,095 (21.1%)
Antipsychotics 4,803 (1.7%) 6,622 (2.2%) 11,425 (1.9%)
Bisphosphonates 16,805 (5.9%) 20,572 (6.7%) 37,377 (6.3%)
Benzodiazepines and Z-drugs 20,085 (7.0%) 26,171 (8.6%) 46,256 (7.8%)
Gabapentinoids 12,944 (4.5%) 19,134 (6.3%) 32,078 (5.4%)
Inhaled long-acting beta-antagonists and corticosteroids 36,131 (12.6%) 47,782 (15.6%) 83,913 (14.2%)
Lithium 470 (0.2%) 697 (0.2%) 1,167 (0.2%)
Anticholinergic medicines 49,935 (17.4%) 64,667 (21.2%) 114,602 (19.4%)

Results are count (column percent)
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Table 2 Characteristics of first medication reviews recorded per
person in 2019

Count Percent
Consultation type
Face to face 129,678 42.4%
Telephone 9,600 3.1%
Other 166,056 54.4%
Missing 192 0.1%
Staff role
Pharmacist 48,930 16.0%
GP (general practitioner) 205,296 67.2%
Nurse 25,954 8.5%
Other 16,689 5.5%
Admin 3,873 1.3%
Missing 4,784 1.6%
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The other medicines shown were more often started than
stopped. Some medicines made the list due to being pre-
scribed to large numbers of people at any time (e.g., ator-
vastatin, omeprazole, simvastatin). Other medicines were
prescribed to fewer people in total, but a higher propor-
tion of people started or stopped them compared to other
medicines. These included vitamins/supplements (e.g.,
colecalciferol, folic acid, ferrous fumarate), alendronic
acid, ranitidine, apixaban, and warfarin. Additional figures
showing results for sensitivity analyses, plus breakdowns
at BNF chapter level and for named drug groups, are pro-
vided in Additional File 3. A sensitivity analysis using the
strict definition of medication reviews had very similar
results to the main analysis (Additional Figure 3 S3.12).
Similarly, increasing the time window around the reviews
did not have a big impact on the findings. With the
shorter window (one month before and after the review),
the proportions of people who stopped or started individ-
ual medicines were notably larger (likely reflecting refill
frequencies slightly longer than one month).

Table 3 Association between baseline characteristics and having a medication review in 2019, Cox regression

Hazard ratios (95% confidence intervals), p-value

Unadjusted Age-sex adjusted Fully adjusted?
Age group, years (vs 65-74)
75-84 1.13(1.11, 1.15), p<0.001 1.13(1.11, 1.15), p<0.001 1.03(1.02, 105) p<0.001
85-94 1.22(1.19,1.26), p<0.001 1.22(1.19, 1.26), p<0.001 1.04 (1.01, 1.06), p=0.006
95+ 1.26 (1.20, 1.32), p<0.001 1.26 (1.20, 1.33), p<0.001 1.02 (O 97,1.07), p=0.516
Female vs male 1.01(0.99, 1.02), p=0.315 0.99 (0.98,1.01), p=0.304 1.00 (0.99, 1.01), p=0.781
Townsend quintile (vs 1 — least deprived)
Quintile 2 0.99(0.81,1.21), p=0.935 0.99 (0.81,1.22), p=0.938 0.94(0.80,1.11), p=0.477
Quintile 3 1.03 (0.85, 1.25), p=0.756 1.03 (0.85, 1.25), p=0.754 0.97 (O 84,1.12), p=0.678
Quintile 4 1.02 (0.82, 1.26), p=0.891 1.02 (0.82, 1.26), p=0.870 0.96 (0.81, 1.13), p=0.594
Quintile 5 - most deprived 1.04 (0.84, 1.30), p=0.700 1.05 (0.84, 1.30), p=0.669 0.98 (O 82,1.15), p=0.776
Practice region (vs Scotland)
Wales 1.01(0.87,1.17), p=0.904 01(0.87,1.17), p=0.942 0.99(0.87,1.13), p=0.913
Northern Ireland 0.82 (0.64,1.06), p=0.131 0.82 (0.64, 1.06), p=0.128 0.81 (0.65, 1.01), p=0.064
London 0.54 (0.39,0.74), p<0.001 0.53(0.38,0. 74) p<0.001 0.62 (0.47,0.81), p=0.001
Rest of England 0.72 (0.58,0.88), p=0.001 71(0.58,0.87), p=0.001 0.77 (0.65,0.91), p=0.003
Number of ongoing prescriptions at baseline
(vs 1)
2-4 145 (1.42,1.49), p<0.001 1.44(1.41,1.48), p<0.001 1.27 (1.24,1.30), p<0.001
5-9 1.88 (1.81, 1.95), p<0.001 1.84(1.77,1.92), p<0.001 141 (1.37,1.46), p<0.001
10-14 2.25(2.14,2.37), p<0.001 2.20(2.09, 2. 32) p<0.001 1.48(1.43,1.55), p<0.001
15-19 2.51(2.35,2.67), p<0.001 246 (2.31,2.63), p<0.001 1.51(1.44,1.59), p<0.001
20+ 2.83(2.56,3.13), p<0.001 1(2.54,3.11), p<0.001 1.64 (1.49,1.80), p<0.001
Medication review in previous year 2.05(1.89,2.21), p<0.001 2.03(1.88, 2.20), p<0.001 1.83 (1.69, 1.98), p<0.001
Living in a care home 1.98 (1.83, 2.15), p<0.001 1.87 (1.73, 2.03), p<0.001 1.51(1.40, 1.62), p<0.001

2 Adjusted for variables shown plus baseline diagnoses and clinical indicators, and medicines prescribed in 6 months prior to baseline (see Additional File 2 Table 52.2

for the complete list)
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I Prescribed after only (started)
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Fig. 2 Medicines most frequently started or stopped after a medication review. These results are sorted by percentage started, are based on a study
population of 309,207 people, and include only tablets prescribed as a repeat prescription. The time periods of interest are the three months

before and three months after a medication review

When comparing the change in maximum pre-
scription count, we further excluded people with no
prescriptions in the three months before the review
(n=11,949), and people with a change in maximum
prescription count more than three standard devia-
tions from the mean (#=5311), meaning 291,947
people remained in the analysis. The median (inter-
quartile range) maximum prescription count was the
same before and after a review (5, 3 to 8 medicines).
The mean difference in maximum prescription count
after compared with before a review was 0.13 (95% CI
0.12 to 0.14, P<0.001), indicating a small but statisti-
cally significant increase in count. Categorised pre-
scription count before/after a review is summarised in
Additional File 2, Table S2.6. Table 4 shows the results

of multivariable linear regression adjusting for demo-
graphic characteristics and features of the medica-
tion review. Most factors had very small associations
with change in prescription count. On average, peo-
ple with a maximum prescription count of 10 or more
medicines in the three months before a review had a
lower count after the review (represented graphically
in Additional File 2 Figure S2.2).

A sensitivity analysis using the strict definition of medi-
cation reviews, which included 136,139 people, found
similar results, with a mean difference in maximum pre-
scription count after compared with before the review of
0.15 (95% CI 0.14 to 0.16, P<0.001). Increasing the time
window around the medication review did not affect the
results (six months pre- and post-review, mean change
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Table 4 Multivariable-adjusted linear regression for change in
maximum prescription count

Coefficient (95% Cl), p-value

Age group (years)
65-74 reference
75-84 0.04 (0.03,0.05), p<0.001
85-94 0.04 (0.03, 0.06), p<0.001
95+ -0.03 (-0.07,0.02), p=0.270
Sex
Male reference
Female -0.01 (-0.02,-0.01), p=0.002

Original prescription count
1 0.30(0.28,0.32), p<0.001

2-4 0.14 (0.13,0.15), p<0.001
5-9 reference

10-14 -0.21 (-0.22,-0.19), p<0.001
15-19 -0.42 (-047,-0.38), p<0.001
20-24 -0.55 (-0.69, -0.40), p<0.001

Practice region

reference

0.05 (0.03,0.07), p<0.001

Northern Ireland 0.12 (0.09,0.14), p<0.001

London 0.07 (0.00, 0.13), p=0.058
0.02 (0.00, 0.05), p=0.031

Scotland
Wales

Rest of England
Consultation type

Face-to-face reference

Telephone -0.01 (-0.04, 0.03), p=0.674

Other -0.02 (-0.04,-0.01), p<0.001

Missing 0.04 (-0.15,0.22), p=0.715
Staff role

General practitioner reference

Pharmacist -0.05 (-0.07,-0.03), p<0.001
Nurse 0.00 (-0.02, 0.02), p=0.863
Other -0.04 (-0.06, -0.01), p=0.008
Admin 0.02 (-0.01, 0.06), p=0.207
Missing 0.01 (-0.10,0.12), p=0.804

Townsend Quintile

Quintile 1 (least deprived) reference

Quintile 2 0.02 (-0.01, 0.06), p=0.208
Quintile 3 0.01 (-0.02, 0.04), p=0.380
Quintile 4 0.02 (-0.02, 0.05), p=0.306
Quintile 5 (most deprived) 0.03 (0.00, 0.07), p=0.056
Intercept 0.06 (0.02,0.09), p=0.001

The outcome is change in maximum prescription count in the three months
after vs three months before a medication review. Negative coefficients indicate
a decrease in prescription count after the review, and vice versa. The model is
adjusted for the factors shown in the table. Cl confidence interval

0.17 (95% CI 0.16 to 0.17, P<0.001), three months pre-
and one to four months post-review, mean change 0.09
(95% CI 0.08 to 0.10, P<0.001)). However, with a shorter
time window (one month pre- and post-review), the mean
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change in prescription count was -0.48 (95% CI -0.54 to
-0.42, P<0.001), indicating a decrease in count on average.

Discussion
Approximately half (51.6%) of people aged 65 years or
older who had at least one ongoing prescription at base-
line had a medication review recorded in 2019. Living in
a care home, baseline prescription count, and having a
medication review in the previous year were the strong-
est predictors of having a medication review in 2019.
There was little overall change in terms of both the types
and the numbers of medicines prescribed in the three
months before and after a medication review. On aver-
age, the maximum prescription count tended to increase
slightly after a review. However, this varied according
to the number of medicines prescribed before a review,
and the average maximum count decreased in those pre-
scribed 10 or more medicines before the review.

Although just over half of the people in the study had
some form of medication review, only 45.5% of reviews
were during consultations with patients (face-to-face or
by telephone). No differences were observed in the like-
lihood of having a medication review in terms of age,
sex, and deprivation, but we found differences according
to practice region. This may reflect different healthcare
policies in each of the four countries in the UK (England,
Northern Ireland, Scotland, and Wales). We were unable
to draw any useful conclusions regarding differences by
ethnicity as the proportion of missing data was too high.
Other primary care datasets might have more complete
ethnicity data, and this could be explored for future stud-
ies. There is limited existing research into the routine
provision of primary care medication reviews for older
adults in the UK general population. Our study provides
evidence that medication reviews are being recorded in
primary care, with higher rates in more complex patients
(e.g., people living in care homes, and people with higher
prescription counts).

Comparing the medicines prescribed before and after
a medication review, there was little change overall in the
types and numbers prescribed. For the whole study pop-
ulation, the number of medicines increased on average,
and although the difference was small (mean increase
of 0.13 medicines), it would add up to large numbers
of new medicines on a population scale. However, we
cannot directly attribute the change to the medication
review based on this study. The only factor having a nota-
ble impact on the number of medicines prescribed was
the original prescription count: people prescribed more
medicines before the review were more likely to have a
reduced prescription count after the review, and vice
versa. Trials and meta-analyses have shown that inter-
ventions similar to structured medication reviews tend
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to lead to a reduction in the total number of medicines
prescribed [27-30]. In contrast, our study explored the
impact of typical medication reviews delivered in a real-
world setting on prescribed medicines. This study was
not designed to assess the appropriateness of prescrib-
ing, and it is possible that no changes were required to
the majority of prescriptions. Our results suggest that
the medication reviews captured in this study, recorded
in the primary care setting, do not necessarily lead to
reductions in the numbers of medicines prescribed at
the population-level, although they may have an impact
for people prescribed a greater number of medicines. A
different approach may be needed if implementation of
the National Overprescribing Review [8] is to be success-
ful. NHS England’s investment in pharmacists in primary
care to undertake structured medication reviews may
help with this, although this will need to be evaluated by
future studies.

This study focused on the change in types and numbers
of prescribed medicines. Further research could study
other outcomes, including other changes to prescribed
medicines (e.g., changes in dose or formulation, chang-
ing medicines within the same class, or reductions in
potentially inappropriate prescribing), clinical outcomes
such as hospitalisation rates, and outcomes impor-
tant to patients, such as side-effects and problems with
adherence [7, 31]. Considering changes to prescribed
medicines, it would be useful to compare our results to
a group of people who did not have a medication review
over the same time frame. As our study was set before
the introduction of requirements for targeted structured
medication reviews [13], our results could be used as a
baseline to review the impact of this change.

This was a large, population-based study, representing
real-world practice. Although some regions (e.g., the East
Midlands) were not represented in the study dataset, the
results should be broadly generalisable to the UK popula-
tion. The dataset provides an almost complete record of
prescriptions issued in primary care. We grouped medi-
cines by drug substance and formulation, allowing us to
count unique medicines.

The limitations of the study include lack of detail about
the medication reviews captured in the dataset. Due
to the nature of the dataset, medication reviews were
defined using a pre-specified list of clinical codes and
while we could group the reviews by consultation type
and staff role, we have no detail about whether these
were brief medical record reviews or an in-depth discus-
sion between clinician and patient. The study is unlikely
to include medication reviews occurring outside general
practice, such as in community pharmacies or second-
ary care. In addition, there is likely to be some misclas-
sification in our definition of prescription count, which
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required us to estimate a prescription duration for the
full range of prescribed medicines. This may particularly
affect non-tablet formulations (e.g., inhalers, creams)
and medicines used ‘as required. However, we know the
prescriptions included were issued within a similar time
frame (+/- three months of the medication review) and
our results should be comparable to other methods of
defining polypharmacy (e.g., total number of medicines
prescribed in a fixed time window). The dataset does not
include medicines obtained outside primary care, includ-
ing secondary care prescriptions and over-the-counter
medicines. Finally, in common with other studies using
routinely collected data, there may be misclassification
in all variables due to missing, incomplete, or inaccurate
information, which could introduce a degree of impreci-
sion in our estimates.

Conclusions

We found 51.6% of people aged 65 years or older with
at least one ongoing prescription at baseline had a
medication review recorded in 2019. We found no
important differences in likelihood of having a medi-
cation review by several demographic characteristics;
however, there was regional variation. On average, for
the whole study population, there was a small increase
in the maximum number of medicines prescribed after
a review. This differed by prescription count before the
review, with people prescribed more medicines before
the review more likely to have a decrease in count after
the review. Overall, we found little change in the type
of medicines prescribed before and after a review.
The results provide some reassurance that medication
reviews are being recorded in UK primary care and
may be useful in reducing the number of medicines for
people with a large number of prescribed medicines.
Further research is needed to evaluate the impact of
medication reviews on other aspects of prescribing
practice and medicine use.
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