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Availability, Costs and Stock-Outs of Essential NCD
Drugs in Three Rural Rwandan Districts
Jean Paul Mukundiyukuri*, Jean Jacques Irakiza†, Naome Nyirahabimana*,
Loise Ng’ang’a*, Paul H. Park‡,§, Gedeon Ngoga*, Ziad El-Khatib*,§,‖, Louis Nditunze†,
Etienne Dusengeyezu†, Christian Rusangwa*, Tharcisse Mpunga†, Joel Mubiligi* and
Bethany Hedt-Gauthier*,§
Background: To reduce the non-communicable diseases (NCDs) burden, the World Health Organization has set a target to reach 80% availability of the affordable essential medicines required to treat
NCDs by 2025.
Objectives: This study described the availability, costs, and stock-outs of essential NCD drugs in three
rural Rwandan districts.
Methods: We retrospectively assessed 54 NCD drugs listed for district hospitals or health centers in the
Rwanda national essential medicines list. Data were collected from three district hospitals and 17 health
centers that host NCD clinics. We extracted data on drug availability, quantity dispensed, costs, stockouts, and the replenishing supplier for these drugs between January 1 and December 31, 2017.
Results: Overall, 71% of essential medicines for health centers and 78% of essential medicines for
district hospitals were available at facilities. Only 15% of health centers experienced a stock-out of
beclomethasone, while 77% experienced at least one stock-out of amlodipine and metformin. The median
length of stock-out ranged from nine to 72 days, and 78% of the stock-outs across all health centers
were replenished by a Non-Governmental Organization (NGO) partner. Except for enoxaparin and metformin, all district hospitals experienced at least one stock-out of each drug. The median length of stockout ranged from 3.5 to 228 days, and 82% of the stock-outs across all district hospitals were replenished
by the Rwandan Ministry of Health (RMOH). The least expensive drug was digoxin ($0.02, Interquartile
range (IQR): 0.01, 0.10), while the most expensive was beclomethasone ($9.35, IQR: 3.00, 13.20).
Conclusions: This study shows the viability of drug-supported NCD care in rural settings of sub-Saharan
Africa. Stock-outs are a challenge; our study emphasizes the importance of the MOH/NGO partnerships
in this context. Medicine costs are also challenging, though, in these districts, drugs are more affordable
through community-based health insurance, government, and NGO partner subsidies.

Introduction
Non-communicable diseases (NCDs), including cardiovascular, diabetes, and chronic respiratory diseases, are
an increasing global health burden. Over 70% of deaths
globally are attributed to NCDs, the majority of which
occur in low- and middle-income countries (LMICs) [1,
2]. In 2016, NCDs accounted for about 46% premature
mortality among the population aged less than 70 years
[3]. Within the next decade, Africa is projected to experi* Partners In Health/Inshuti Mu Buzima, Kigali, RW
†

Ministry of Health, Kigali, RW

‡

Brigham and Women’s Hospital, Boston, US

§

Department of Global Health and Social Medicine, Harvard
Medical School, Boston, US

‖

Department of Public Health Sciences, Karolinska Institutet,
Stockholm, SE

Corresponding author: Jean Paul Mukundiyukuri, BPharm
(muyopa04@gmail.com)

ence the largest relative increase in the population living
with NCDs, with NCDs taking over as the leading cause of
death [4] Without adequate intervention, the increasing
NCD burden will cause additional constraints to health
systems that are notably already overstretched and fragile
[5]. This fragility is even more pronounced in rural areas
where poor case detection, access to care, and documentation of NCDs has led to frequent under-estimation and
under-prioritization of the endemic burden of NCDs.
Despite the increasing NCD burden, most people in
LMICs have poor availability and access to the NCD medicines that are crucial for prevention and treatment [6, 7].
In addition, existing evidence indicates that access and
availability are disproportionate among the rural population compared to the urban population [8] and public facilities compared to private facilities [9]. Thus, the
majority of patients residing in rural Africa and relying
on public facilities for health care remain untreated or
receive delayed NCD treatment.
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In efforts to avert the growing NCD burden, the World
Health Assembly endorsed the global action plan 2013–
2020, which calls for a 25% relative reduction of NCDs
related mortality by 2025. The nine global targets set to
achieve this goal include reaching 80% availability of
affordable essential NCD medicines, in both public and
private facilities [10]. However, there is limited data on
availability, stock-out, and cost of these medicines in rural
sub-Saharan Africa (SSA).
In Rwanda, NCDs are rapidly becoming a major public health concern. In 2013, over 50% of all district hospitals outpatient clinic visits were attributed to NCDs
[11], and in 2016, 45% of all deaths reported in Rwanda
were attributed to NCDs [1]. Notably, 84% of the population in Rwanda resides in rural areas [12], where health
care access and delivery is associated with a multitude
of challenges [13]. To address this, in 2007, the Rwandan
Ministry of Health (RMOH), in collaboration with Partners
In Health/Inshuti Mu Buzima (PIH/IMB), began a novel
NCD program to make care more accessible and affordable in three rural districts. In this study, we describe the
availability of essential NCD drugs at the health facilities
in these districts, the cost of these drugs to health facilities, and stock-outs levels of the drugs during 2017.
Methods

Study Setting and Intervention

This study was conducted in three rural Rwandan district hospitals – Butaro, located in the Northern Province
and Kirehe and Rwinkwavu, located in the Eastern Province – and the 17 out of 28 surrounding health centers
that have NCD programs supported by PIH/IMB. The three
district hospitals are under the supervision of the RMOH
and receive regular support from PIH/IMB, a non-governmental organization supporting the healthcare services in
these three districts since 2005. In Rwanda, NCD care is
decentralized to health centers where trained nurses use
standardized treatment protocol to provide follow-up care
for diagnosed NCD patients [14].
Nine of the 17 health centers host NCD clinics 2–3
times a week, and the remaining eight once per week.
These clinics serve stable and mild to moderate NCD cases
(asthma, hypertension, and non-insulin-dependent Type
II diabetes), except for type 1 diabetes mellitus (managed
at hospital level only) and are run by trained NCD nurses
who also receive monthly supervision and mentorship
from the NCD district hospitals nurses. Butaro, Kirehe,
and Rwinkwavu District Hospitals host NCD clinics from
Monday to Friday every week and serve patients with
severe cases of NCDs or patients coming from catchment
areas where the assigned health center does not have an
NCD clinic. The hospital clinics are run by trained NCD
nurses under the supervision of a medical officer. At both
the health centers and hospitals, the clinical staff prescribes drugs as per the NCD protocols [15]. The patients
who require admissions are followed in a hospital internal
medicine service where they are cared for by internists.
Each health center and the hospital have an on-site
pharmacy, which is under the control of the health facility’s administration. The district pharmacy, managed by
the district pharmacist under local district administration,

supplies medicines to both the district hospitals and health
centers in its catchment area. While district hospital pharmacies are headed by pharmacists, health center pharmacies are headed by nurse store managers. Each pharmacy
has two units – the main stock where the products from
the district pharmacy or other sources are stored, and the
dispensing point where patients receive medicines. Store
managers are responsible for the distribution of drugs
to the main stock and dispensing point. Each month, all
pharmacies conduct physical inventory for each stocked
product for further reporting and requisitioning to the
district pharmacy. Accordingly, through monthly active
distribution, the district pharmacy dispatches and delivers
to each health facility depending on requested products
and available stock.
When a district hospital or a health center makes a
request to the district pharmacy, and the requested drugs
are unavailable, the district pharmacy issues a signed
product non-availability form allowing the hospital or
health center to search for other possible sources, such as
private wholesalers or partner organizations such as PIH/
IMB. For each requisition, the health facility pharmacy
pays in cash or receives an order on loan, payable within
thirty days. PIH/IMB donates medicines free of charge.
The cost to the patient is 120% of the cost to the facility;
this is the mark-up margin recommended by the Rwanda
Ministry of Health (RMOH) across all public health facilities in the country [16].
Study Design and Population

In this retrospective study, we reviewed the availability,
costs, and stock-outs (occurrence, length, and replenishment) of 54 Rwandan essential NCD drugs between
January 1, 2017, through December 31, 2017, at Butaro,
Kirehe, and Rwinkwavu District Hospitals and their surrounding health centers. We focused on three main
groups of NCDs – cardiovascular diseases, diabetes, and
chronic respiratory diseases. We included all drugs for
these conditions that were on the Rwanda national essential medicines list (6th edition of 2015) for treatment at
district hospitals or health centers [17]. For cardiovascular
diseases, this included 38 medicines for district hospital
and 11 for health centers (Table 1); for diabetes, this list
included seven medicines for district hospital and six for
health centers; and for chronic respiratory diseases, the
list included five medicines for district hospitals and four
for health centers (Table 2).
Data Collection and Analysis

For each drug of interest, we extracted information from
pharmacy stock-cards on drug formulation and strength,
monthly consumption, drug cost, frequency of stock-outs,
stock-out date, replenishment date, and the supplier who
replenished the stock. Trained data collectors visited each
health facility to retrieve this information onto paper data
collection forms. The data collectors then transferred the
data into an Excel database.
During analysis, we defined availability as to when
medicine had a positive stock-balance verified using the
stock-cards at the health facility at any time within the
study period and calculated the percentage of facilities
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Table 1: Drugs recommended for health facilities for cardiovascular disease care.
Therapeutic class

Drug name

Essential
drug for
HCs

Available in any
of the study HCs
in 2017?

Essential drug
for DHs in
2017

Available in any
of the study DHs
in 2017?

ACE inhibitors

Captopril 12.5 mg, 25 mg
tablets

Yes

Yes,
*12.5 mg

Yes

Yes,
*12.5 mg

Lisinopril 5 mg tablets

No

Yes

Yes

Alpha-blockers

Methyldopa 250 mg

Yes

Yes

Yes

Angiotensin II receptor
antagonist

Losartan 50 mg tablets

No

Yes

Yes

Antiplatelet

Acetylsalicylic Acid
100 mg tablets

Yes

Yes

Yes

Yes

Anticoagulants

Enoxaparin 40 mg/0.4 ml No
injection

_

Yes

Yes

Heparin 5,000; 10,000
units/ml injection

No

_

Yes

Yes,
*10,000 units/ml

Warfarin 1 mg, 5 mg
tablets

No

_

Yes

Yes

Clopidogrel 75 mg,
300 mg tablets

No

_

Yes

No

Atenolol 25 mg, 50 mg,
100 mg tablets

No

_

Yes

Yes,
*25 mg

Carvedilol 6.25 mg,
12.5 mg, 25 mg tablets

No

_

Yes

Yes

Amlodipine 5 mg, 10 mg
tablets

Yes

Yes

Yes

Yes

Nifedipine 10 mg, 20 mg
tablets

No

_

Yes

Yes

Cardiac glycosides

Digoxin 250 μg/ml
injection; 50 μg/ml oral
liquid; 250 μg tablets

No

_

Yes

Yes,
*50 μg/ml

Diuretics

Furosemide 20 mg, 40 mg; Yes
10 mg/ml injection

Yes,
*10 mg/ml

Yes

Yes,
*20 mg

Hydrochlorothiazide
25 mg tablets

Yes

Yes

Yes

Yes

Mannitol 10%, 20%
injection solution

No

_

Yes

Yes

Spironolactone 25 mg
tablets

Yes

Yes

Yes

Yes

Nitrate

Isosorbide dinitrate 5 mg,
20 mg sublingual tablets

No

_

Yes

Yes,
*20 mg

Sympathomimetic

Dopamine 40 mg/ml
injection

No

_

Yes

Yes

Adrenaline 100 mg/ml
(0.1%) injection

No

_

Yes

No

Hydralazine 20 mg/ml
injection

No

_

Yes

Yes

Beta blockers

Calcium channel
blockers

Vasodilator

Yes

* Refers to the formulation/strength of the drug that was unavailable in the facility; HCs: Health centers; DHs: District hospitals.

with drugs available during the study period. We calculated monthly consumption as median units of drugs
dispensed per month. The cost of the drug, defined as
the cost to the health facility, was also the median cost
documented by the facilities during 2017. We collected

the costs in Rwandan Francs and converted to US dollars
($) at the exchange of 850 Rwandan Francs to one United
States Dollar. For tablets, we reported these costs for 100
tablets. We defined stock-out as when medicine recorded
a zero-stock-balance at any point within the study period.
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Table 2: Drugs recommended for health facilities for diabetes and asthma care.
Therapeutic group

Drug name

Essential drug
for HCs?

Available in any Essential
Available in any
of the study HCs drug for DHs? of the study DHs
in 2017?
in 2017?

Diabetes medicines

Glibenclamide 5 mg
tablets

Yes

Yes

Yes

Yes

Metformin 500 mg,
800 mg tablets

Yes

Yes,
*800 mg

Yes

Yes,
*800 mg

Long-acting insulins
100 IU/ml injection

Yes

No

Yes

Yes

Intermediate-acting
insulins 30/70, 100 IU/ml
injection

Yes

No

Yes

Yes

Rapid-acting insulins
100 IU/ml injection

Yes

No

Yes

Yes

Gliclazide 30 mg modified- No
release tablets

–

Yes

No

Aminophylline 250
mg/10 ml injection

Yes

Yes

Yes

Yes

Beclomethasone inhaler
50 µg, 250 µg /metered
dose

Yes

Yes

Yes

Yes

Salbutamol inhaler
100 mcg/metered dose

Yes

Yes

Yes

Yes

Salbutamol 5 mg/ml
nebulizer solution

No

–

Yes

Yes

Asthma medicines

* Refers to the formulation/strength of the drug that was unavailable in the facility.

We calculated the average number of stock-outs per facility by summing up the total number of stock-outs across
all facilities and dividing them by the count of facilities
with any stock-out of a given drug. For details on stockouts, we restricted reporting only to the facilities that had
the drug at any point in 2017, as indicated in Table 1 and
Table 2. We analyzed data using Stata/IC version 15.1
(College Station, TX: StataCorp LLC) and present categorical data as frequencies and percentages and continuous
data as average, standard deviations for these averages or
medians and interquartile ranges (IQRs).
Ethics

We received study approval from IMB Research Committee
and ethics approval from the Rwanda National Ethics Committee (Kigali, Rwanda No. 102/RNEC/2018) and Partners
Institutional Review Board (Boston, USA 2013P000047) to
carry out this study. The pharmacists and head administrators approved data collection in their facilities.
Results

Health Centers

Across the 17 included health centers, there were 1,121
(56.8%) cardiovascular disease patients, 202 (10.2%) diabetic patients, and 649 (32.9%) asthma patients in care
as of January 1, 2017 (Table 3). Of the 21 drugs that were
on the Rwanda national essential medicines list for health
centers, 15 (71.4%) drugs were ever available at any of

the 17 health centers in 2017, including nine (81.8%) cardiovascular drugs, two (33.3%) diabetes drugs and four
(100.0%) asthma drugs.
Cardiovascular Drugs

Of the nine cardiovascular drugs available, only four drugs
(44.4%) (captopril 25 mg tablets, acetylsalicylic acid 100
mg tablets, amlodipine 5 mg tablets, and hydrochlorothiazide 25 mg tablets) had at least 80% availability across
health centers, and two (22.2%) (furosemide 20 mg tablets, spironolactone 25 mg tablets) were available at fewer
than half of the health centers during 2017 (Table 4).
Only two drugs (22.2%), namely captopril 25 mg tablets
and hydrochlorothiazide 25 mg tablets, were available at
all 17 health centers at some point in 2017.
Cardiovascular drugs with the highest median monthly
unit dispensed at health centers were captopril 25 mg tablets (median = 700 tablets per month, IQR: 191, 1495), and
hydrochlorothiazide 25 mg tablets (median = 728 tablets per month, IQR: 0, 1091). The following drugs had a
median of zero units per month distributed: acetylsalicylic
acid 100 mg tablets, furosemide 20 mg tablets, furosemide 40 mg tablets, and spironolactone 25 mg tablets. The
least expensive cardiovascular drugs were acetylsalicylic
acid 100 mg tablets ($0.45, IQR: 0.44, 0.54), furosemide
20 mg tablets (US$ 0.41, IQR: 0.41, 0.49) and furosemide
40 mg tablets ($0.49, IQR: 0.42, 1.00). The most expensive
drugs for cardiovascular conditions were spironolactone
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Table 3: Non-communicable disease patients active in study facilities as of January 2017.
Non-communicable
disease Type

Patients in
health centers
n (%)

Cardiovascular
Heart failure
Hypertension

Drugs from the essential
list available in the health
center n (%)

Patients in district
hospitals n (%)

9 (81.8)

880 (64.0)

1121 (56.8)
9 (0.8)

393 (44.7)

1112 (99.2)

487 (55.3)

Diabetes

202 (10.2)

Type 1

–

67 (19.8)

Type 2

131 (64.9)

240 (71.0)

Missing

71 (35.1)

31 (9.2)

Asthma
Total

2 (33.3)

338 (24.6)

Drugs from the essential
list available in district
hospitals n (%)
29 (76.3)

5 (71.4)

649 (32.9)

4 (100.0)

156 (11.4)

5 (100.0)

1972 (58.9)

15 (71.4)

1374 (41.1)

39 (78.0)

25 mg tablets ($5.20, IQR: 5.10, 5.70) and amlodipine 5
mg tablets ($4.20, IQR: 4.20, 6.97).
The percent of health centers that had a drug ever
available that experienced any stock-out in 2017 ranged
from 28.6% for acetylsalicylic acid 100 mg tablets to
86.7% for amlodipine 5 mg tablets (Table 4). The average number of stock-outs ranged from 1.0 (0.0) per
year per facility for spironolactone 25 mg tablets to 3.6
(1.8) per year per facility for hydrochlorothiazide 25
mg tablets. The longest median stock-out length was
for acetylsalicylic acid 100 mg tablets (43 days, IQR:
23, 82).

the 271 observed stock-outs across all NCD drugs at health
centers, 212 (78.2%) were replaced by PIH/IMB.
District Hospitals

Across the three district hospitals included in this study,
there were 880 (64.0%) cardiovascular disease patients,
338 (24.6%) diabetic patients, and 156 (11.4%) asthma
patients in care as of January 1, 2017 (Table 3). Of the 50
drugs that were on the Rwanda national essential medicines list for hospitals, 39 (78.0%) drugs were ever available at any of the three hospitals in 2017, namely 29
(76.3%) cardiovascular drugs, five (71.4%) diabetes drugs
and five (100.0%) asthma drugs.

Diabetes and Asthma Drugs

Of the two diabetes and four asthma drugs, two (50.0%)
asthma drugs were available at fewer than half of the
health centers during 2017, namely: Aminophylline
250 mg/10 ml injection and beclomethasone inhaler
50 µg/metered dose (Table 5). Only one anti-diabetic
drug, namely metformin 500 mg tablets, was available at
all 17 health centers at some point in 2017.
Metformin 500 mg tablets had the highest median
monthly unit dispensed at health centers (median =
800 tablets per month, IQR: 0, 1000). The following
anti-asthma drug had a median of zero units per month
dispensed: Aminophyline 250mg/10 ml injection. Antidiabetic glibenclamide 5 mg tablets ($ 0.43 IQR: 0.43,
0.60) were among the least expensive NCD drugs to the
health centers. Among the most expensive NCD drugs
were beclomethasone inhaler 50 µg/metered-dose and
beclomethasone inhaler 250 µg/metered-dose, each costing US$3 (3.00–3.00).
The percent of health centers that had a drug ever available that experienced any stock-out in 2017 ranged from
15.4% for beclomethasone inhaler 250 mcg/metered dose
to 76.3% for metformin 500 mg tablets (Table 5). The average number of stock-outs ranged from 1.0 (0.0) per year
per facility for beclomethasone inhaler 250 mcg/metered
dose to 3.1 (1.9) per year per facility for glibenclamide 5
mg tablets. The shortest median stock-out length was for
salbutamol inhaler 100 mcg (nine days, IQR: 5, 22). For

Cardiovascular Drugs

The drugs with the highest median monthly unit dispensed at the hospital were captopril 25 mg tablets
(median = 13000 tablets per month, IQR: 4750, 16000);
furosemide 40 mg tablets (median = 6000 tablets per
month, IQR: 5000,9000), and nifedipine 20 mg tablets
(median = 5950 tablets per month, IQR: 2140, 13050)
(Table 6). The following drugs had a median of zero units
per month dispensed: ACE inhibitor lisinopril 5 mg tablets, angiotensin II receptor antagonist losartan 50 mg
tablets, anticoagulants enoxaparin 40 mg/0.4ml injection
and heparin 5000 units/ml injection, beta-blocker carvedilol 25 mg tablets, calcium channel blocker nifedipine 10
mg tablets, cardiac glycosidase digoxin 250 µg/ml injection and digoxin 250 µg tablets, diuretic mannitol 20%
injection solution and sympathomimetic dopamine 40
mg/ml injection. The least expensive cardiovascular drugs
to hospitals were digoxin 250 µg tablets ($0.02, IQR:
0.01–0.10) and furosemide 10 mg/ml injection ($0.11,
IQR: 0.07, 0.14) and the most expensive were warfarin 5
mg tablets ($57.00, IQR: 53.71, 57.00), warfarin 1 mg tablets ($29.69, IQR: 28.35, 31.04), and carvedilol 6.25 mg
tablets ($20.85, IQR: 1.43, 40.28).
All hospitals that had a drug experienced at least one
stock-out in 2017 for the following ten drugs: methyldopa
250 mg tablets, acetylsalicylic acid 100 mg tablets, warfarin
1 mg, and 5 mg tablets, atenolol 100 mg tablets, carvedilol

15 (88.2)

12 (70.6)

Acetylsalicylic
acid 100 mg
tablets†

Calcium channel Amlodipine 5
blockers
mg tablets

Amlodipine
10 mg tablets

Antiplatelets

17 (100.0)

Hydrochlorothiazide 25
mg tablets†

3 (17.6)

9 (52.9)

Furosemide
40 mg tablets††

Spironolactone 25 mg
tablets†

2 (11.8)

Furosemide
20 mg tablets

12 (70.6)

0 (0, 15)

728 (0, 1091)

0 (0, 1000)

0 (0, 45)

210 (0, 1000)

106 (0, 700)

0 (0, 1000)

200 (0, 1000)

700 (191, 1495)

Median monthly
consumption
(IQR)

5.20 (5.10, 5.70)

1.18 (0.53, 3.00)

0.49 (0.42, 1.00)

0.41 (0.41, 0.49)

3.21 (3.21, 11.06)

4.20 (4.20, 6.97)

0.45 (0.44, 0.54)

2.50 (2.50, 3.12)

3.12 (2.56, 3.12)

Median cost (US
$) to the health
facility (IQR)*

1 (33.3)

12 (70.6)

6 (66.7)

0 (0.0)

8 (66.7)

13 (86.7)

4 (28.6)

8 (66.7)

12 (70.6)

HCs with any
stock-out
(n, %)

1

43

17

0

17

29

6

25

33

Stock-outs
per facility
(n)

23 (14, 45)

34 (9, 70)

N/A

27 (9, 87)

33 (12, 81)

43 (23, 82)

18 (14, 34)

17 (9, 27)

Median
length of
stock-out in
days (IQR)

1.0 (0.0) 360 (360, 360)

3.6 (1.8)

2.8 (2.1)

N/A

2.1 (1.1)

2.2 (1.0)

1.5 (0.5)

3.1 (2.6)

2.8 (2.0)

Average of
stock-outs
across facilities
n (SD)

0 (0.0)

36 (83.7)

14 (82.3)

N/A

12 (70.6)

22 (75.9)

0 (0.0)

24 (95.8)

26 (78.8)

Stock-outs
replaced by
PIH (n, %)

* For tablets, we reported the cost for 100 tablets.
** One of the stock-outs was replaced from another source/supplier different from PIH or MOH.
†
Missing information on restock-details (supplier and restock-date) for one of the observed stock-outs in the facilities.
††
Missing information on restock-details (supplier and restock-date) for two of the observed stock-outs in the facilities.
HCs: Health centers; IQR: Interquartile range; US $: United States Dollars; SD: Standard Deviation; PIH: Partners In Health; MOH: Ministry of Health; N/A: Not applicable.

Diuretics

14 (82.4)

Methyldopa
250 mg
tablets

Alpha-blockers

17 (100.0)

Captopril 25
mg tablets

ACE inhibitors

HCs with drug
available
(n, %) (N = 17)

Type of drugs

Therapeutic
class

Table 4: Availability, consumption, costs, stock-out trends, and replacement of essential cardiovascular drugs at health centers.

0 (0.0)

6 (14.0)

1 (5.7)

N/A

5 (29.4)

7 (20.7)

5 (83.3)

1 (4.2)

7 (21.2)

Stock-outs
replaced by
MOH (n, %)
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17 (100.0)

Metformin 500
mg tablets†

2 (11.8)

13 (76.5)

16 (94.1)

Beclomethasone inhaler 50
mcg/metered
dose

Beclomethasone inhaler
250 mcg/
metered dose

Salbutamol
inhaler 100
mcg/metered
dose

14 (5, 35)

24 (10, 44)

2 (0, 6)

0 (0, 1)

800 (0, 1000)

124 (0, 1000)

Median monthly
consumption (IQR)

1.44 (1.44, 1.85)

3.00 (3.00, 3.00)

3.00 (3.00, 3.00)

–

1.18 (1.17, 1.65)

0.43 (0.43, 0.6)

Median cost (US $)
to the health facility
(IQR)*

11 (68.8)

2 (15.4)

0 (0.0)

–

13 (76.5)

11 (73.3)

HCs with any
stock-out
n (%)

30

2

0

–

34

34

Stock-outs per
facility (n)

2.7 (1.9)

1.0 (0.0)

0.0

–

2.6 (1.6)

3.1 (1.9)

Average of stockouts across
facilities n (SD)

9 (5, 22)

11 (1, 21)

N/A

–

17.5 (9, 35)

29.5 (13, 60)

Median length
of stock-out in
days (IQR)

20 (66.7)

2 (100)

N/A

–

26 (76.5)

30 (90.9)

Stock-outs
replaced by
PIH (n, %)

* For tablets, we reported the cost for 100 tablets.
** One of the stock-outs was replaced from another source/supplier different from PIH or MOH.
†
Missing information on restock-details (supplier and restock-date) for one of the observed stock-outs in the facilities.
††
Missing information on restock-details (supplier and restock-date) for two of the observed stock-outs in the facilities.
HCs: Health centers; IQR: Interquartile range; US $: United States Dollars; SD: Standard Deviation; PIH: Partners In Health; MOH: Ministry of Health; N/A: Not applicable.

1 (5.9)

Aminophylline
250 mg/10 ml
injection

Anti-asthma

15 (88.2)

HCs with drug
available
n (%) (N = 17)

Glibenclamide
5 mg tablets†, **

Anti-diabetes

Type of drugs

Table 5: Availability, consumption, costs, stock-out trends, and replacement of essential diabetes and asthma drugs at health centers.

10 (33.3)

0 (0.0)

N/A

–

7 (20.6)

2 (6.1)

Stock-outs
replaced by
MOH (n, %)
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3

3
3

Enoxaparin
40 mg/0.4ml
injection

Heparin 5,000
units/ml
injection

Warfarin 1 mg
tablets

Warfarin 5 mg
tablets

Anticoagulants

Beta-blockers

1

Acetylsalicylic
acid 100 mg
tablets

Antiplatelet

2
3
3
3
2

Atenolol 50 mg
tablets

Atenolol 100 mg
tablets†

Carvedilol
6.25 mg tablets

Carvedilol
12.5 mg tablets

Carvedilol
25 mg tablets

3

1

Losartan 50 mg
tablets

Angiotensin
II receptor
antagonist

0 (0, 1500)

13000 (4750,
16000)

Median monthly
consumption
(IQR)

0 (0, 500)

200 (0, 400)

500 (0, 1600)

500 (0, 650)

100 (0, 700)

500 (300, 722)

200 (0, 500)

0 (0, 10)

0 (0, 7)

1500 (1000, 2000)

0 (0, 50)

3 2000 (1000, 30000)

3

Lisinopril 5 mg
tablets†

Methyldopa
250 mg tablets

3

Captopril 25 mg
tablets

DHs with
drug available
(n) (N = 3)

Alpha-blocker

ACE inhibitors

Type of drugs

6.06 (1.62, 10.5)

10.15 (10.15,
10.15)

20.85 (1.43,
40.28)

2.57 (2.25, 3.85)

1.87 (1.80, 2.25)

57.00 (53.71,
57.00)

29.69 (28.35,
31.04)

5.97 (5.60, 7.52)

2.95 (2.95, 2.95)

0.45 (0.40, 0.61)

12.6 (12.6, 12.6)

3.25 (3.11, 3.45)

–

2.40 (1.99, 2.54)

Median cost (US
$) to the health
facility (IQR)*

1

2

3

3

2

3

3

2

0

3

1

3

2

2

1

6

4

7

2

11

7

2

–

9

2

5

6

10

1.0 (0.0)

3.0 (2.0)

1.3 (0.5)

2.3 (1.9)

1.0 (0.0)

3.7 (1.9)

2.3 (1.2)

1.0 (0.0)

–

3.0 (0.0)

2.0 (0.0)

1.7 (0.9)

3.0 (1.)

5.0 (3.0)

DHs with
StockAverage of
any stock- outs per
stock-outs
out (n)
facility (n) across facilities
n (SD)

Table 6: Availability, consumption, costs, stock-out trends, and replacement of essential cardiovascular drugs at district hospitals.

60 (60, 60)

60 (15, 132)

32 (8, 89)

4 (2, 14)

76 (14, 138)

14 (7, 40)

40 (23, 159)

228 (245, 325)

–

20 (8, 35)

157 (28, 286)

22 (12, 22)

30 (10, 52)

13 (7, 18)

Median length
of stock-out in
days (IQR)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

3 (27.3)

2 (28.6)

0 (0.0)

–

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

Stock-outs
replaced by
PIH (n, %)

(Contd.)

1 (100.0)

6 (100.0)

4 (100.0)

6 (85.7)

2 (100.0)

8 (72.7)

5 (71.4)

1(100.0)

–

9 (100.0)

2 (100.0)

5 (100.0)

5 (83.3)

10 (100.0)

Stock-outs
replaced by
MOH (n, %)
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Nitrate

Diuretics

Cardiac
glycosidase

Calcium
channel blocker

1

3

Mannitol
20% injection
solution

Spironolactone
25 mg tablets
2

2

Mannitol
10% injection
solution†

Isosorbide
dinitrate 5 mg
sublingual
tablets

1

3

Digoxin 250 μg
tablets†

Hydrochlorothiazide 25 mg
tablets

2

Digoxin 250 μg
/ml injection

2

3

Nifedipine
20 mg tablets

Furosemide
10mg/ml
injection

2

Nifedipine
10 mg tablets

3

1

Amlodipine
10 mg tablets

Furosemide 40
mg tablets

3

DHs with
drug available
(n) (N = 3)

Amlodipine
5 mg tablets

Type of drugs

1080 (300, 1980)

2000 (2000, 2985)

0 (0, 5)

1 (0, 5)

1500 (0, 4500)

675 (494, 1050)

6000 (5000, 9000)

0 (0, 0)

0 (0, 2)

5950 (2140, 13050)

0 (0, 250)

2000 (1900, 2350)

1000 (200, 1000)

Median monthly
consumption
(IQR)

3.75 (3.75, 3.75)

5.1 (5.0, 5.6)

2.06 (2.06, 2.06)

2.62 (1.65, 6.26)

1.17 (1.17, 1.17)

0.11 (0.07, 0.14)

0.46 (0.42, 0.49)

0.02 (0.01, 0.10)

0.52 (0.33, 4.48)

1.89 (1.58, 2.43)

2.1 (1.8, 2.5)

11.06 (11.06,
11.06)

4.20 (1.69, 8.90)

Median cost (US
$) to the health
facility (IQR)*

2

3

1

2

1

1

3

3

1

3

1

1

2

6

9

3

3

2

9

12

6

1

8

5

1

8

3.0 (0.0)

3.0 (1.6)

3.0 (0.0)

1.5 (0.5)

2.0 (0.0)

9.0 (0.0)

4.0 (2.2)

2.0 (0.0)

1.0 (0.0)

2.6 (1.2)

5.0 (0.0)

1.0 (0.0)

4.0 (2.0)

DHs with
StockAverage of
any stock- outs per
stock-outs
out (n)
facility (n) across facilities
n (SD)

12 (9, 17)

27 (7, 41)

80 (3, 157)

27 (9, 205)

90 (19, 161)

4 (2, 9)

4 (2, 11)

40 (21, 121)

156 (156, 156)

12 (7, 28)

37 (15, 41)

21 (21, 21)

15 (6, 36)

Median length
of stock-out in
days (IQR)

3 (50.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

1 (11.1)

3 (25.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

Stock-outs
replaced by
PIH (n, %)

(Contd.)

3 (50.0)

9 (100.0)

3 (100.0)

2 (66.7)

2 (100.0)

8 (88.9)

9 (75.0)

5 (83.3)

1 (100.0)

8 (100.0)

5 (100.0)

1 (100.0)

8 (100.0)

Stock-outs
replaced by
MOH (n, %)
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Hydralazine 20
mg/ml injection

Vasodilator

3

3

DHs with
drug available
(n) (N = 3)

20 (2.5, 30)

0 (0, 1.5)

Median monthly
consumption
(IQR)

7.41 (4.73, 7.53)

2.65 (1.47, 2.70)

Median cost (US
$) to the health
facility (IQR)*

2

2

6

3

3.0 (1.0)

1.5 (0.5)

DHs with
StockAverage of
any stock- outs per
stock-outs
out (n)
facility (n) across facilities
n (SD)

15 (9, 44)

59 (45, 103)

Median length
of stock-out in
days (IQR)

1 (16.7)

2 (66.7)

Stock-outs
replaced by
PIH (n, %)

* For Tabs, we reported the cost for 100 tablets.
* For tablets, we reported the cost for 100 tablets.
** One of the stock-outs was replaced from another source/supplier different from PIH or MOH.
†
Missing information on restock-details (supplier and restock-date) for one of the observed stock-outs in the facilities.
††
Missing information on restock-details (supplier and restock-date) for two of the observed stock-outs in the facilities.
HCs: Health centers; IQR: Interquartile range; US $: United States Dollars; SD: Standard Deviation; PIH: Partners In Health; MOH: Ministry of Health; N/A: Not applicable.

Dopamine
40 mg/ml
injection

Sympathomimetic

Type of drugs

5 (83.3)

1 (33.3)

Stock-outs
replaced by
MOH (n, %)
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6.25 mg tablets, nifedipine 20 mg tablets, digoxin 250 µg
tablets, furosemide 40 mg tablets and spironolactone 25
mg tablets (Table 6). For facilities with any stock-outs,
the average number of stock-outs ranged from 1.0 (0.0)
per year per facility for heparin 5000 units/ml injection,
atenolol 50 mg tablets, carvedilol 25 mg tablets, amlodipine 10 mg tablets, and digoxin 250 µg/ml injection to
9.0 (0.0) per year per facility for furosemide 10 mg/ml
injection. The shortest stock-outs were for atenolol 100
mg tablets, furosemide 40 mg tablets and furosemide
10 mg/ml injection (median = four days, IQR: 2,14) and
the longest stock-outs was for heparin 5000 units/ml
injection (median = 228 days, IQR: 245, 325). The RMOH
replenished the supply for 50% or more of almost all district hospital stock-outs except for dopamine 40mg/ml
injection.
Diabetes and Asthma Drugs

The drug with the highest average monthly unit dispensed
was metformin 500mg tablets (median = 5000 tablets
per month, IQR: 4000, 5300) (Table 7). Only one antiasthma drug had a median consumption of zero units per
month, namely beclomethasone inhaler 50 µg/metered
dose. Anti-asthma drugs were among the least expensive
NCD drugs, namely aminophylline 250 mg/10ml injection ($0.23, IQR: 0.18, 0.24) and the most expensive drug,
namely beclomethasone inhaler 250 µg/metered dose
($9.35 IQR: 3.00, 13.20).
All the three hospitals experienced at least one stockout in 2017 for glibenclamide 5mg tablets and aminophylline 250 mg/10ml injection (Table 7). For facilities with
any stock-outs, the average number of stock-outs ranged
from 1.0 (0.0) per year per facility for rapid-acting insulin 100 IU/ml injection vial and beclomethasone inhaler
50 mcg/metered dose to 4.5 (0.5) per year per facility for
Intermediate-acting insulins 30/70, 100 IU/ml injection
vial. The shortest stock-outs were for anti-diabetic glibenclamide 5 mg tablets (median = 7 days, IQR: 4, 11), and
the longest stock-outs were for beclomethasone inhaler
50 mcg/metered dose (median = 61 days, IQR: 61, 61). The
RMOH replenished the supply for 50% or more of almost
all district hospital stock-outs except for rapid-acting insulin 100 IU/ml injection, vial beclomethasone inhaler 250
mcg/metered-dose, and salbutamol 5 mg/ml nebulizer
solution. For the 196 observed stock-outs across all NCD
drugs and district hospitals, 161 (82.1%) were replenished
by the RMOH.
Discussion
In this study, we describe the availability, consumption,
cost, and stock-out of essential NCD medicines in three
rural districts in Rwanda. Of the essential NCD medicines
recommended in the Rwanda national essential medicines list, 71.4% were available in the health centers while
78.0% were available in the district level hospitals. These
levels are slightly below the WHO’s 80% availability target for essential NCD medicines by 2025 but are generally higher when compared to the 7.5–54.4% reported by
other studies conducted in LMICs [6, 8, 9, 18]. This higher
availability of NCD drugs in our study setting can be
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attributed to the integration of NCD care into the primary
health care facility level and accompaniment of a partner
NGO [11, 19].
Despite the overall higher availability, some essential
NCD drugs were not at all available during the study
period. For example, insulins that are recommended at
the health center level in the essential medicine list were
not available. However, the national guidelines for the
management of NCDs recommend the administration
of insulin at the hospital level [17], and health center
nurses are not trained in insulin administration, which
may explain the non-availability of insulins at health centers. Nevertheless, medicines like warfarin and insulins are
critical to be made consistently available to reduce the risk
of mortality in post-cardiac surgery and Type I diabetes
mellitus (T1DM) patients, respectively, which is an all too
frequent problem across LMICs. Further, the inconsistent
supply of medicines may cause inappropriate prescription
where patients may not access comprehensive care within
one health facility and lead to poor treatment adherence
among patients [20] or may encourage patients to seek
alternative treatment options such as traditional medicines [21]. Strategies to ensure all essential NCD drugs
availability, such as streamlining a well-coordinated
national quantification procurement and distribution
system as it was done for HIV/AIDS drugs; public-private
partnership for optimizing the supply of NCDs drugs; and
reimbursement by health insurers at all level of health
facilities are recommended.
Although availability is generally high in our study settings, nearly all drugs, both at the health centers and district hospitals, recorded at least one stock-out during the
study period, stock-out rates tended to be higher for drugs
with higher median consumption. Studies have shown
that medicines stock-outs are common in SSA [22, 23],
and can be attributed to several factors such as distance to
the drug repositories (district pharmacy/warehouse), ineffective communication, inadequate financing, inefficient
supply system, and poor quantification of medicines [22,
24, 25]. The challenges of stock-outs could be overcome
by involving all actors in the health supply chain and putting in place strategies to address gaps in the system and
engender the necessary options for reforms. Those strategies could include, among others, strengthening existing
medicines supply chain management system through
careful selection of cost-effective medicines, a transparent
procurement system with the prequalification of reliable
suppliers, accurate and timely reporting system on medicines consumption, adequate financing, performance
monitoring, and compliance by both health system staff
and suppliers [26–29].
Drug costs can make NCD treatment inaccessible to
rural African patients. What we report in this paper are
the costs of these drugs to the health facilities. In Rwanda,
the costs to the patients in both public and private health
facilities are set at a maximum of 20% margin over the
facility cost, as instructed by the RMOH [16, 30]. However,
it is important to note that patients in these districts often
do not pay the full price as 97% of Rwandans have Mutual
Health Insurance [12], which typically covers 90% of the

2

3

3

3

Intermediate-acting insulins
30/70, 100 IU/ml injection

Long-acting insulins
100 IU/ml injection**

Metformin 500 mg tablets

Rapid-acting insulins 100 IU/
ml injection**

1

3

3

1

Beclomethasone inhaler 50
mcg/metered dose†

Beclomethasone inhaler 250
mcg/metered dose

Salbutamol inhaler 100 mcg/
metered dose

Salbutamol 5 mg/ml
nebulizer solution

25 (5, 40)

56 (39, 60)

20 (12, 33)

0 (0, 31)

2.5 (0, 26.5)

30 (20, 43)

5000 (4000,
5300)

43 (30, 50)

22 (10, 41)

2500 (2000,
40000)

5.60 (5.60, 5.65)

2.56 (2.30, 2.58)

9.35 (3.00, 13.20)

3.00 (3.00, 3.00)

0.23 (0.18, 0.24)

4.65 (4.62, 5.48)

1.70 (1.61, 1.81)

4.90 (4.65, 5.47)

5.45 (4.94, 7.36)

0.59 (0.42, 0.76)

Median cost (US
$) to the health
facility (IQR)*

1

2

1

1

3

2

0

2

2

3

DHs with any
stock-out (n)

3

4

2

1

5

2

–

8

9

8

Stock-outs per
facility (n)

3.0 (0.0)

2.0 (1.0)

2.0 (0.0)

1.0 (0.0)

1.7 (0.5)

1.0 (0.0)

–

4.0 (1.0)

4.5 (0.5)

2.7 (0.9)

Average of
stock-outs
across facilities
n (SD)

26 (10, 35)

11 (7, 15)

19 (15, 23)

61 (61, 61)

37 (13, 46)

27 (0, 54)

–

8 (2, 13)

10 (6, 15)

7 (4, 11)

Median length
of stock-out in
days (IQR)

3 (100.0)

1 (25.0)

2 (100.0)

0 (0.0)

0 (0.0)

1 (50.0)

–

3 (37.5)

2 (22.2)

0 (0.0)

Stock-outs
replaced by
PIH (n, %)

* For Tabs, we reported the cost for 100 tablets.
* For tablets, we reported the cost for 100 tablets.
** One of the stock-outs was replaced from another source/supplier different from PIH or MOH.
†
Missing information on restock-details (supplier and restock-date) for one of the observed stock-outs in the facilities.
††
Missing information on restock-details (supplier and restock-date) for two of the observed stock-outs in the facilities.
HCs: Health centers; IQR: Interquartile range; US $: United States Dollars; SD: Standard Deviation; PIH: Partners In Health; MOH: Ministry of Health; N/A: Not applicable.

3

Aminophylline 250 mg/10 ml
injection

Anti-asthma

3

DHs with drug
Median
available (n)
monthly
(N = 3)
consumption
(IQR)

Glibenclamide 5 mg tablets

Anti-diabetes

Type of drugs

Table 7: Availability, consumption, costs, stock-out trends, and replacement of essential diabetes and asthma drugs at district hospitals.

0 (0.0)

3 (75.0)

0 (0.0)

0 (0.0)

5 (100.0)

0 (0.0)

–

4 (50.0)

7 (77.8)

8 (100.0)

Stock-outs
replaced by
MOH (n, %)
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cost of drugs for patients. This type of insurance scheme is
largely unavailable in most other SSA countries. Even with
this subsidy, the insurance co-pay of 10% can be prohibitive to people from a low socio-economic background. To
alleviate this financial burden and promote drug access,
the government of Rwanda provides 100% medical coverage which is also not available in most other SSA countries,
including prescription drugs, to the poorest identified
through the national Ubudehe systems families who do
not own a household and can hardly afford basic needs.
Given the chronic nature of the NCDs, patients incur
additional financial burden to acquire the lifelong treatment drugs. We, therefore, recommend that the government extends the 100% medical coverage to population
in subsequent categories especially for vital drugs such as
insulins. In addition, organizations like the World Health
Organization (WHO), Ministries of Health and other partners should focus on strategies that enhance universal
access to NCD medicines such as providing free insulin to
T1DM patients who are dependent on exogenous insulin
for normal metabolism.
The study findings suggest that the availability and
stock-out patterns of the essential NCD medicines in
Rwanda vary across health center and district hospitals.
Though more patients were seen at health centers, the
availability of medicines was higher at district hospitals
than health centers. That might justify the reason why
consumptions were noted greater at hospitals than health
centers. Further, stock-outs were noted 1.4 times at health
centers than hospitals (271 stock-outs across all health
centers and 196 across hospitals). This might be related
to the different supply channels used by those facilities
levels, health conditions managed at each health facility
level, management capabilities of pharmacy managers at
the facility level.
There are several limitations that should be considered
in interpreting our results. First, these facilities are supported by an NGO, and the results may not generalize to
other settings of SSA. In addition, the use of secondary
data collected from logistics tools (stock-cards and price
lists) limited the type of information we could obtain for
our study. Due to time constraints, we were unable to
check whether no discrepancy existed between the actual
stock on hand and the balance on the stock card. Also, we
were unable to collect information on whether alternative
formulations were used during stock-outs, the reasons for
stock-outs, and the actual costs to patients. We also used
any positive stock balance as a lack of stock-out, although
this balance might have been low for some drugs. Although
we did not compare the stock values in-stock cards with
the physical stock, the pharmacy staff completes regular
inventory audits to ensure the accuracy of the stock card
information. This information, along with studies on the
correct prescribing of NCD medicines and patient adherence to NCD drugs, needs further investigation.
Conclusions
The availability, stock-out, and cost of medicines are still
a challenge in providing NCD services in sub-Saharan
Africa. The few studies to date have focused on urban or
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tertiary facilities. Our results show that NCD drugs can
be available in rural and decentralized facilities, but with
frequent stock-outs. Countries must intensify efforts and
strengthen health supply chain management systems
up to lower health facility levels. Partner organizations
can help both strengthen systems and also supply medicines when the national supply chain has failed. Other
programs can learn about making drugs affordable by
studying the community-based insurance scheme in
Rwanda that provides free drugs to the very poor and
a fixed 10% co-payment to the rest of the population.
WHO and other partners should provide more advocacy for less expensive NCD drugs – especially insulins
– which should be free for Type 1 diabetes mellitus and
promote the manufacturing of affordable generic insulins. We also recommend follow up studies on determinants of drug availability and affordability, the alignment
of national treatment guidelines and essential medicines
list, and modify insurance benefits designs to mitigate
prescription drug cost burdens for diabetes Type 1 diabetes mellitus patients.
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