PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Armstrong-Hough M, Sharma S, Kishore
SP, Akiteng AR, Schwartz JI (2020) Variation in the
availability and cost of essential medicines for non-
communicable diseases in Uganda: A descriptive
time series analysis. PLoS ONE 15(12): €0241555.
https://doi.org/10.1371/journal.pone.0241555

Editor: Rachel A. Nugent, RTI International,
UNITED STATES

Received: January 6, 2020
Accepted: October 17, 2020
Published: December 23, 2020

Copyright: © 2020 Armstrong-Hough et al. This is
an open access article distributed under the terms
of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: The anonymized raw
data supporting the conclusions of this manuscript
are available in the public data repository
OpenlICPSR at https://www.openicpsr.org/
openicpsr/project/120504/.

Funding: The MacMillan Center of Yale University
and the Yale Global Health Leadership Institute
provided funding to support travel for JIS through
the Hecht-Albert Pilot Innovation Award for Junior
Faculty. Knoema provided funding for data
collection and the development of the data

RESEARCH ARTICLE

Variation in the availability and cost of
essential medicines for non-communicable
diseases in Uganda: A descriptive time series
analysis

Mari Armstrong-Hough'*, Srish Sharma?, Sandeep P. Kishore®*, Ann R. Akiteng®,
Jeremy |. Schwartz®®

1 School of Global Public Health, New York University, New York, NY, United States of America, 2 Wake
Forest School of Medicine, Winston-Salem, NC, United States of America, 3 Arnhold Institute for Global
Health, Icahn School of Medicine at Mount Sinai, New York, New York, United States of America, 4 Young
Professionals Chronic Disease Network, New York, New York, United States of America, 5 Uganda Initiative
for Integrated Management of Non-Communicable Diseases, Kampala, Uganda, 6 Department of Internal
Medicine, Yale School of Medicine, New Haven, Connecticut, United States of America

* mah842@nyu.edu

Abstract

Background

Availability of essential medicines for non-communicable diseases (NCDs) is poor in low-
and middle-income countries. Availability and cost are conventionally assessed using
cross-sectional data. However, these characteristics may vary over time.

Methods

We carried out a prospective, descriptive analysis of the availability and cost of essential
medicines in 23 Ugandan health facilities over a five-week period. We surveyed facility phar-
macies in-person up to five times, recording availability and cost of 19 essential medicines
for NCDs and four essential medicines for communicable diseases.

Results

Availability of medicines varied substantially over time, especially among public facilities.
Among private-for-profit facilities, the cost of the same medicine varied from week to week.
Private-not-for-profit facilities experienced less dramatic fluctuations in price.

Conclusions

We conclude that there is a need for standardized, continuous monitoring to better charac-
terize the availability and cost of essential medicines, understand demand for these medi-
cines, and reduce uncertainty for patients.
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Introduction

Essential medicines are those that are critical to meeting the health needs of a population. The
World Health Organization (WHO) calls for these medicines to be accessible—both available
and affordable [1]. The WHO Model List of Essential Medicines provides a global framework,
which is adapted by individual countries into their own essential medicines lists [1,2]. Yet the
presence of a given medicine on a national list does not ensure access [3-6]. High or inconsis-
tent cost, and low or inconsistent availability, are important barriers to access.

For patients with chronic conditions, such as non-communicable diseases (NCDs), consis-
tent access to medicines is critical and represents specific priority areas of the WHO Global
Monitoring Framework for NCDs [7] and the Sustainable Development Goals [8]. However,
availability and cost may vary across time [9]. Moreover, in some low- and middle-income
countries (LMIC), such as Uganda, variation in availability and cost may be greater among
essential medicines for NCDs than those for communicable diseases (CD) because common
CD medicines are supplied to facilities via a “push” system, while NCD medicines are supplied
via a “pull” system that requires forecasting of facility demand [10].

We and others have shown that the availability of essential medicines for NCD in LMIC is
poor [3,10]. However, the standard methodology for assessing availability and cost of medi-
cines is through cross-sectional, direct observation of a medicine on a pharmacy shelf and doc-
umentation of its cost. This strategy ignores variation over time, potentially contributing to
inaccurate estimates of availability and cost [9]. Moreover, fluctuations may be more pro-
nounced in LMIC compared to high-income countries [10].

Approaches that capture the dynamism of essential medicines availability and cost are
needed [9]. To explore variation over time, we carried out a prospective, descriptive analysis of
the availability and cost of a selection of essential medicines for NCDs in a sample of Ugandan
health facilities over a five-week period. We compared this to a selection of essential medicines
for acute conditions.

Methods
Setting

Uganda faces a double burden of CD and NCDs [11]. Even as rates of tuberculosis and HIV/
AIDS remain high, the burden of NCDs such as cardiovascular disease and diabetes is increas-
ing and expected to grow rapidly [12-15]. In Uganda, healthcare is available in three sectors:
public, private-not-for-profit (PNFP), and private-for-profit (PFP). Within these sectors, facili-
ties are arranged in a referral hierarchy, including a community health worker program
(Health Center I [HCI]), outpatient facilities (HCII through HCIV), general hospitals (GH)
and regional/national referral hospitals [3]. In the public sector, medicines are distributed to
pharmacies, located within health facilities, once every eight weeks [16]. If a medicine goes out
of stock, it is not resupplied until the next shipment. Medicines at public pharmacies are free
of charge, while patients pay out of pocket at private-sector pharmacies.

Sample and data collection

We sampled 23 health facilities representing public, PNFP, and PFP sectors from 209 facilities
that had participated in the 2013 Service Availability and Readiness Assessment (SARA) [3].
We excluded facilities >100km from Kampala, where the population of Uganda is most con-
centrated. We surveyed facility pharmacies in-person up to five times over a five-week period
between 29 August 2016 and 26 September 2016. We recorded availability and cost to patient
of the 19 medicines for diabetes, hypertension, chronic lung disease, and mental health in the

PLOS ONE | https://doi.org/10.1371/journal.pone.0241555 December 23, 2020

2/8


https://doi.org/10.1371/journal.pone.0241555

PLOS ONE

Variation in availability and cost of essential medicines for non-communicable diseases

Essential Medicines and Supplies for Uganda List 2012 [17], the current version at the time of
data collection: metformin, glibenclamide, soluble insulin, isophane insulin, Mixtard insulin,
nifedipine, atenolol, propranolol, captopril, enalapril, lisinopril, losartan, simvastatin, beclo-
methasone inhaler, salbutamol inhaler, salbutamol tablets, fluoxetine, amitriptyline, and diaze-
pam. We collected the same data for four essential medicines used in the management of
acute, infectious conditions: paracetamol, amoxicillin, artemether/lumefantrine, and oral rehy-
dration salts. Availability was documented dichotomously as in stock or out of stock. Cost of
each medicine to patient was documented per tablet or vial. Cost was not standardized to
course of treatment in any way, as treatment may vary by individual patient. We collected data
on facility type, sector, and urban/rural status.

Analysis

This study was designed for a descriptive analysis to support hypothesis generation. The pri-
mary unit of analysis was the presence of medicine in a given facility. From a patient-centered
perspective, the availability of a medicine at their health facility of choice is most important.
Therefore, the trajectory of availability over time at a given facility and correlation within a
facility of availability and cost are informative metrics.

We defined availability as the proportion of listed essential medicines that were present at a
site; if a given medicine was present in any quantity, it was considered available. We calculated
the proportion of observations during which each individual essential medicine was available
by sector. We plotted the trajectory of medicine availability for each facility with three or more
observations using a time series. We tested the hypothesis that week-to-week variations were
greater among public sector clinics than private sector facilities using t-tests of change in avail-
ability during each period. We tested the hypothesis that there is greater variation in availabil-
ity of essential medicines for NCD than essential medicines for acute conditions by comparing
the intra-cluster correlation coefficient (ICC) of essential medicine availability by facility over
time for these two categories of medicines.

We defined variation in cost to patient as the range of fluctuation in price per tablet or vial
in a given facility during the study period. We calculated and produced visualizations of these
within-facility ranges. We also calculated the quantile-based robust standard deviation of med-
icine price over time by facility, a conventional measure used to summarize variation in a set
of values.

Results

We collected 82 observations from 23 unique facilities over a five-week period. Each facility
had between one and five observations; 21 (91%) facilities contributed two or more observa-
tions and the median number of observations was four.

Facility characteristics

We collected observations from five HC-II (22%), nine HC-III (39%), three HC-1V (13%), five
GH (22%), and one referral hospital (4%) (Table 1). Twenty-six percent were public, 35%
PNFP, and 39% PFP. The majority (83%) of facilities were located in an urban area.

Variation in medicine availability and cost

Essential medicines for NCDs were available at 44% of all study visits, while EM for acute con-
ditions were available at 93% of visits. The proportion of visits in which a medicine was present
varied by medicine and by sector (Fig 1). Presented as a time series, the proportion of essential
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Table 1. Characteristics of facilities.

Facility type N (%)
HC-1I 5(21.7)
HC-III 9(39.1)
HC-1IV 3(13.0)
General Hospital 5(21.7)
Referral 1(4.4)

Managing Authority
Public 6(26.1)
Private-non-profit 8 (34.8)
Private-for-profit 9 (39.1)

Location
Urban 19 (82.6)
Rural 4(17.4)

https://doi.org/10.1371/journal.pone.0241555.t001

medicines available fluctuated within clinics over the five-week period of observation (Fig 2).
The proportion of facilities stocking each specific essential medicine varied over time and by
medicine (S1 Fig). Variation in availability over time within the same facility was not signifi-
cantly different among essential medicines for NCDs (intra-facility correlation coefficient
(ICC) 0.68, 95% CI 0.49-0.83) and essential medicines for acute conditions (ICC 0.20, 95% CI
0.04-0.61).

Fluctuations in availability were significantly greater among public sector facilities than
among PNFP or PFP facilities between Week 1 and Week 2 (p = 0.0002), but not during other
periods. This is visually evident in Fig 2; public sector facilities show sharp increases and
decreases in number of medicines available. There was no significant difference between pub-
lic and private sector facilities for change in availability during the subsequent periods. This
may be attributable to missing data in some subsequent periods: up to 10 missing observations

Essential Medicines
Sactar Amoxicillin
Public Private for Profit Private not for Profit B Artemether Lumefantrine
Il Oral Rehydration Solution
I Paracetamol
Atenolol
Captopril
M Enalapril
M Lisinopril
M Losartan
Il Nifedipine
M Propranolol

£ 70% M simvastatin
Beclomethasone Inhaler
M salbutamol Inhaler
60% M salbutamol Tablet
Amitriptyline
oca M Diazepam
o I Fluoxetine
Glibenclamide
0% Insulin Isophane
M insulin Mixtard
3 M insulin Soluble
30% M Metformin

Fig 1. Proportion of visits in which essential medicines were present, by sector. Proportion of visits in which each
listed essential medicine was available is depicted by the colored bars and compared by sector (Public, Not for Profit,
and Private Not for Profit). The color of each bar corresponds to a specific essential medicine, depicted in the key to
the right of the graph.

https://doi.org/10.1371/journal.pone.0241555.g001
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Sector
Public Private for Profit Private not for Profit

—

~G

Listed Essential Medicines Present (%)

Week Week Week

Fig 2. Change in total availability of essential medicines over 5 weeks, by sector. These time series plots show the
week-by-week shifts in the proportion of essential medicines available by facility, broken down by sector. Each colored
line represents one facility; movement on the y axis from week to week indicates change in the proportion of listed
essential medicines available in the facility.

https://doi.org/10.1371/journal.pone.0241555.9002

for each period, or 43% of the total sample of 23 facilities. Alternatively, this may be attribut-
able to the periodicity of public sector resupply.

More than half of medicines experienced major price fluctuations, which we defined as at
least doubling in cost to patient one or more times over the five-week study period (Fig 3).
Variation over five weeks in cost to patients was lower in PNFP facilities, with robust standard
deviations ranging from UGX 50-704 (approximately US$0.01-$0.19). Among PFP facilities,
robust standard deviations in cost of available medicines ranged from UGX 37-17,050
(approximately US$0.01-$4.55).

Essential Medicines

Sector / Facility Amoxicillin

Private for Profit Private not for Profit
8 c 0 E|F|H J K L M| N OFP

[l Artemether Lumefantrine
M Oral Rehydration Solution
M Paracetamol

Atenolol

Captopril

20000

I M Lisinopril
10000 L] I Losartan
M Nifedipine
Il Propranolol
5000 Beclomethasone Inhaler

M salbutamol Inhaler

M salbutamol Tablet
Amitriptyline

2000

M Diazepam
M Fluoxetine
I I Glibenclamide
1000 [l insulin Soluble
I I I N vetormin
500 I [

i ‘II" || il I|‘||'
\h |

50

Range of Price (UGX)

Fig 3. Range of cost to patient over time by clinic and sector. Each bar represents the range in cost of a single
medicine within a single clinic over the five-week observation period. Only medicines that experienced any change in
price during the five-week study period are included. Abbreviations: UGX, Ugandan Shillings.

https://doi.org/10.1371/journal.pone.0241555.g003
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Discussion

We found that variation in availability was greater among public sector facilities than among
PFP and PNEFP facilities. In the public sector facilities, more than half of essential medicines
alternated in and out of stock during the five-week observation period. We also found that
week-to-week fluctuations in the cost of essential medicines were substantial and that PFP
facilities had the greatest variations in cost. When medicines are unavailable in public facilities,
patients are likely to seek them in private facilities, where they are faced with new costs. More-
over, while PFP facilities are the most likely to have essential medicines for NCD in stock, sub-
stantial changes in price from week to week introduce uncertainty for patients and can limit
access. Others have noted variation over time in private sector cost to consumer for anti-
malarials using waves of data spaced months or years apart [18]. However, we are not aware of
any other study that has examined granular data capable of showing week-to-week variations
in cost-to-consumer of a range of essential medicines. The considerable week-to-week varia-
tion in cost we observed could be the result of clinic proprietors turning to dynamic pricing
models to ensure profit in a setting where supply chains may be inconsistent and availability
uncertain. Further research must be done to understand the mechanisms driving short-term
variation in the patient cost of essential medicines by engaging the proprietors of private sector
clinics.

Variations in availability and cost have implications for patient engagement in care. Most
medicines for NCDs must be taken regularly over long periods of time. Even in settings where
medicines are consistently available, patient adherence to prescription medicines for chronic
conditions can be challenging to establish and sustain [19-21]. Inconsistent availability signifi-
cantly impacts patient adherence to NCD medicines [22,23]. We propose that uncertainty
regarding the week-to-week availability or cost of medicines is likely to impair initiation or
continuation of treatment, patients’ motivation to adhere to treatment, and patients’ engage-
ment in care. This is especially the case for patients who face other access barriers such as dis-
trust of the medical system, transportation costs, and competing time commitments.

Such week-to-week variations in availability and cost are not captured by the cross-sec-
tional methods typically used to assess access to essential medicines. We have previously
shown that cross-sectional assessments can be used to examine disparities in availability of
essential medicines [3]. However, given that Ugandan public sector facilities are supplied in
bimonthly cycles, the availability of essential medicines can range dramatically. As time since
the most recent shipment increases, the number of stocked essential medicines declines and
patients may need to shop several facilities, including private sector facilities, to secure medi-
cines—or go without.

Together, these findings point to a need for supply chain management systems that track
medicine availability and cost in real-time. To maximize transparency for health system plan-
ners, such systems should be incorporated into national health management information sys-
tems, alongside epidemiologic surveillance data to guide evidence-based distribution of
resources. Allowing citizens to access these data in a user-friendly format would provide an
additional layer of transparency, facilitating informed decisions about their care-seeking
behavior.

This study had some limitations. First, we collected data for only a five-week period, so we
were unable to examine the effect of seasonality or cyclical delivery schedules on availability.
Second, the relatively small sample size, nonrandom sampling strategy, and partially missing
data limited our time series analysis to description and was not sufficient to support a multi-
variable model. Third, our dichotomous approach to medicine availability is a crude measure
and cannot detect low stocks, which may be a pervasive problem. Finally, we collected data in
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the central region of Uganda, which is the most prosperous region of the country; availability
of medicines is likely to be higher in this region than in others, resulting in an over-optimistic
estimate of availability over time. However, to our knowledge, this is the first published analy-
sis to prospectively describe the dynamism of availability and cost of essential medicines in a
LMIC. We also demonstrate how dynamic data on availability and cost of medicines can be
collected and analyzed.

Conclusion

Availability and cost of essential medicines in Uganda can vary sharply within the same facility
from week to week. There is a need for standardized, continuous monitoring to better charac-
terize the availability and patient cost of essential medicines, understand demand for these
medicines, and reduce uncertainty for patients by stabilizing availability and cost.

Supporting information

S1 Fig. Change in availability by essential medicine over 5 weeks, by sector. These time
series plots show the week-by-week shifts in the proportion of facilities stocking specific essen-
tial medicines, broken down by sector. Each colored line represents one essential medicine;
movement on the y axis from week to week indicates change in the proportion of facilities for
which that medicine was available.
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