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Abstract 

Background:  National essential medicines lists are used to guide medicine reimbursement and public sector medi-
cine procurement for many countries therefore medicine listings may impact health outcomes.

Methods:  Countries’ national essential medicines lists were scored on whether they listed proven medicines for 
ischemic heart disease, cerebrovascular disease and hypertensive heart disease. In this cross sectional study linear 
regression was used to measure the association between countries’ medicine coverage scores and healthcare access 
and quality scores.

Results:  There was an association between healthcare access and quality scores and health expenditure for ischemic 
heart disease (p ≤ 0.001), cerebrovascular disease (p ≤ 0.001) and hypertensive heart disease (p ≤ 0.001). However, 
there was no association between medicine coverage scores and healthcare access and quality scores for ischemic 
heart disease (p = 0.252), cerebrovascular disease (p = 0.194) and hypertensive heart disease (p = 0.209) when country 
characteristics were accounted for.

Conclusions:  Listing more medicines on national essential medicines lists may only be one factor in reducing mor-
tality from cardiovascular disease and improving healthcare access and quality scores.
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Introduction
Approximately 29% of deaths worldwide are from car-
diovascular disease specifically, ischemic heart disease, 
stroke and hypertensive heart disease [1]. The burden of 
these and other non-communicable diseases (NCD) will 
be associated with productivity loss and catastrophic 
healthcare costs [2] which has the potential to signifi-
cantly undermine national macroeconomic development 
[3]. Deaths from cardiovascular disease are amenable to 
healthcare including treatments such as antihyperten-
sives [4].

Following a 2011 United Nations meeting, the 
World Health Organization (WHO) released a briefing 

document which stated that the burden of NCD’s can-
not be reduced without access to essential medicines 
[5]. Essential medicines are those that satisfy the prior-
ity health care needs of the population [6]. The pur-
pose of an essential medicines list is to ensure quality 
medicines are available in a functioning health system, 
in appropriate forms, at affordable prices for both the 
individual and the community [6]. The WHO created a 
Model List of Essential Medicines (WHO Model List) 
which provides recommendations for minimum medi-
cine needs for a basic health-care system. More than 100 
countries have embraced the idea of essential medicines 
and adapted their own national essential medicines list 
(NEML) to address their health care priorities informed 
by their national burden of disease [2]. NEMLs are used 
to guide appropriate use of medicines, as well as medi-
cine selection, reimbursement and public sector pro-
curement [7, 8]. In the public sector, essential medicines 
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are more available than other medicines, suggesting that 
there may be preferential attention from governments 
given to them, therefore carefully selecting and adopt-
ing an NEML is the first step in ensuring equitable access 
to pharmaceutical treatment [2]. Medication availability 
and accessibility plays and important role in address-
ing the burden of NCD’s [3] as evident by a reduction 
in mortality and morbidity in many countries since the 
implementation of essential medicines [9]. Population 
mortality that is amenable to care is assessed by the 
healthcare access and quality (HAQ) score that is avail-
able for 195 countries and that is comprised of 32 causes 
of death including ischemic heart disease, cerebrovascu-
lar disease and hypertensive heart disease [4].

The purpose of this study was to determine the rela-
tionship between listing essential medicines used to 
treat ischemic heart disease, cerebrovascular disease 
and hypertensive heart disease and amenable mortality 
related to these conditions measured by the HAQ score 
[4].

Methods
Dataset sources
All medications, with some exceptions, from countries’ 
NEMLs hosted in the WHO’s National Essential Medi-
cines Lists Repository were extracted and recorded in an 
Excel database [10, 11]. NEMLs for 137 countries were 
identified [10].

We used the 2018 amenable mortality subscores, cal-
culated by measuring age standardized mortality rates, 
for ischemic heart disease, cerebrovascular disease and 
hypertensive heart disease [4].

Inclusion criteria
Countries were included if they had a NEML captured 
by the Global Essential Medicines (GEM) database and 
a HAQ score for ischemic heart disease, cerebrovascular 
disease and hypertensive heart disease.

Data collection
In order to identify which medications were relevant to 
the three causes of interest (ischemic heart disease, cer-
ebrovascular disease and hypertensive heart disease), 
we searched for guidelines for ischemic heart disease, 
cerebrovascular disease and hypertensive heart disease 
on the WHO website in June 2019. Four international 
guidelines distributed by the WHO, an internationally 
recognized health authority, were selected: Prevention 
and Control of Non-communicable Diseases: Guide-
lines for primary health care in low-resource settings 
[12], WHO Package of Essential Non-communicable 
Diseases Interventions for Primary Health Care in 
Low-Resource Settings [13], Technical Package for 

cardiovascular disease management in primary health 
care- evidence-based treatment protocols [7], Tackling 
NCDs: “Best Buys” and other recommended interven-
tions for the prevention and control of non-communi-
cable diseases [14]. Although it is not an internationally 
recognized guideline, additional guidance from the 
American Heart Association’s website was used to 
ensure all relevant medicines were captured [15]. These 
guidelines along with the WHO Model List 20th edition 
[16] were used to identify medicines used for treatment 
of ischemic heart disease, cerebrovascular disease and 
hypertensive heart disease. Guidelines were searched 
using the causes and associated International Classifi-
cation of Diseases 10th revision codes provided by the 
HAQ score [4].

Population size, health expenditure and life expectancy 
were retrieved from the Global Health Observatory [17]; 
prevalence for ischemic heart disease, cerebrovascu-
lar disease and hypertensive heart disease was retrieved 
from the Global Burden of Disease Study [1]. Most data 
was for the year 2016; if 2016 data was not available, data 
from the closest year to 2016 was retrieved. Country 
characteristics can be found in Table 1.

Data extraction
Using the identified guidelines for ischemic heart dis-
ease, cerebrovascular disease and hypertensive heart 
disease, medications used to treat these conditions were 
abstracted. If a guideline indicated a therapeutic class of 
medicines, that class was fully expanded to include all 
medicines because medicines within the same chemi-
cal subgroup may be considered therapeutically similar. 
The WHO Model List recognizes interchangeability of 
certain medicines on their list for others within the same 
therapeutic class [16]. Using this principle, 4th level Ana-
tomical Therapeutic Chemical Classification (ATC) codes 
[18] were used to guide which medicines are in the same 
therapeutic class. If a therapeutic class was mentioned 
and specific alternatives were stated, only those medi-
cines were included (no therapeutic class expansion was 
done).

Medicines listed on the WHO Model List or those from 
guidelines appearing on the WHO Model List (in a form 
that is usable for the conditions or cause), with a square 
box symbol, were fully expanded based on the 4th level, 
chemical subgroup of the ATC code to include all medi-
cines within that therapeutic class. If the medicine is not 
denoted with a square box it was not expanded. If spe-
cific medicines considered equivalent were stated, only 
those medicines were included. A medicine coverage 
score was created by summing the number of medicines 
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on a country’s NEML that were also listed on our list of 
medicines used to treat each HAQ cause.

Data analysis
Data was analyzed using IBM SPSS Statistics version 26 
(IBM Corp., 2018), and a p-value ≤ 0.05 was considered 
significant. An ordinary least squares linear regression 
model was used to test the hypothesis that there would be 
a positive relationship between listing medicines (medi-
cine coverage score) and HAQ scores. HAQ score was 
used as the dependent variable and the previously calcu-
lated medicine coverage score was used as the independ-
ent variable. Linear regression results are reported for 
both unadjusted and adjusted with health expenditure, 
population, life expectancy and prevalence as covariates.

Results
In total, 131 countries were included in the analysis 
having both a NEML and HAQ score (Table  1). WHO 
regions represented by countries were the Eastern Medi-
terranean (14 countries), Europe (26 countries), Africa 

(38 countries), the Americas (29 countries), South-
East Asia (13 countries) and the Western Pacific (11 
countries) [17]. Using the World Bank categorization, 
included countries represented a range of income levels 
with 28 low income countries, 40 lower-middle income 
countries, 43 upper middle countries and 20 high income 
countries [19]. Three countries (Democratic Peoples 
Republic of Korea, Somalia and Syrian Arab Republic) 
were excluded from the regression analysis because they 
were missing values for healthcare expenditure.

The total number of medicines identified through 
guideline searches for each cause was 103 medicines for 
ischemic heart disease, 96 medicines for cerebrovascu-
lar disease and 73 medicines for hypertensive heart dis-
ease (see Additional file 1 for list of medicines). Figure 1 
graphs the association between medicine coverage score 
and HAQ score, with health expenditure represented by 
bubble size.

Fig. 1  Medicine Coverage Scores. Bubble size represents health expenditure for 2015 (per capita based on purchasing power parity in international 
dollars); HAQ: healthcare access and quality score
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Ischemic heart disease
For ischemic heart disease, medicine coverage scores 
ranged from 2 to 73 (median: 28, IQR: 23 to 37). Results 
of the unadjusted linear regression model show that list-
ing ischemic heart disease medicines only explained 0.5% 
of the variability in the HAQ scores across countries. 
After adjusting for population size, health expenditure, 
life expectancy and prevalence, approximately 18% of 
differences in the HAQ score for ischemic heart disease 
were explained. In the adjusted regression, there was no 
association between medicine coverage score and HAQ 
score for ischemic heart disease (p = 0.252), however 
other variables showed an association with HAQ score. 
Health expenditure was associated with a 0.011 point 
increase in HAQ score for each additional per capita 
dollar (p < 0.001) and prevalence of ischemic heart dis-
ease was associated with a 0.007 point decrease in HAQ 
score for each additional 100, 000 people diagnosed with 
ischemic heart disease (p < 0.001) (Table 2).

Cerebrovascular disease
For cerebrovascular disease, medicine coverage scores 
ranged from 1 to 67 (median: 21, IQR 17–31). Results of 
the unadjusted linear regression model show that listing 
cerebrovascular disease medicines explained approxi-
mately 15% of the variation in the HAQ scores. After 
adjusting for covariates approximately 44% of differ-
ences in the HAQ score for cerebrovascular disease were 

explained. In the unadjusted regression, there was an 
association between medicine coverage score and HAQ 
score for cerebrovascular disease (p < 0.001), however 
the relationship was not present when covariates were 
included (p = 0.194). Similar to ischemic heart disease, 
other variables in the adjusted analysis showed a sig-
nificant association with HAQ scores. Health expendi-
ture was associated with a 0.014 point increase in HAQ 
score for each additional per capita dollar (p < 0.001), life 
expectancy was associated with a 0.557 point increase 
with each additional year of life (p = 0.042) and preva-
lence of cerebrovascular disease was associated with a 
0.008 point decrease in HAQ score for each additional 
100, 000 people diagnosed with cerebrovascular disease 
(p = 0.001) (Table 3).

Hypertensive heart disease
For hypertensive heart disease, medicine coverage scores 
ranged from 0 to 54 (median 17, IQR 13–25). Results of 
the unadjusted linear regression model show that listing 
hypertensive heart disease medicines explained approx-
imately 11% of the variation in the HAQ score. Results 
of the adjusted analysis show that approximately 45% 
of differences in HAQ score were explained. Similar to 
cerebrovascular disease, an association between medi-
cine coverage score and the HAQ score was observed for 
hypertensive heart disease (p < 0.001), however the multi-
variate relationship was not present when covariates were 

Table 2  Ischemic Heart Disease: Medicine Coverage Score

R2
unadjusted = 0.005 (F = 0.626, (df 130), p = 0.43). R2

adjusted = 0.176 (F = 5.131, (df 125), p < 0.001)

B, unstandardized coefficient; Beta, standardized coefficient; CI, confidence interval

Variable B 95% CI lower bound 95% CI upper bound Beta P value Pearson correlation

Unadjusted Medicine coverage score 0.109 − 0.164 0.382 0.69 0.43 0.069

Adjusted Medicine coverage score 0.194 − 0.14 0.528 0.123 0.252 0.108

Health expenditure 0.011 0.005 0.017 0.467 < 0.001 0.232

Population − 1.056E−7 0 0 0.001 0.991 − 0.008

Life expectancy 0.058 − 0.636 0.752 0.02 0.869 0.093

Prevalence − 0.007 − 0.01 − 0.004 − 0.49 < 0.001 − 0.108

Table 3  Cerebrovascular disease: medicine coverage score

R2
unadjusted = 0.153 (F = 23.225, (df 130), p < 0.001). R2

adjusted = 0.443 (F = 19.071, (df 125), p < 0.001)

B, unstandardized coefficient; Beta, standardized coefficient; CI, confidence interval

Variable B 95% CI lower bound 95% CI upper bound Beta P-value Pearson correlation

Unadjusted Medicine coverage score 0.565 0.333 0.796 0.391 < 0.001 0.391

Adjusted Medicine coverage score 0.173 − 0.089 0.435 0.117 0.194 0.393

Health expenditure 0.014 0.009 0.018 0.587 < 0.001 0.609

Population − 3.977E−06 0 0 − 0.037 0.596 − 0.092

Life expectancy 0.557 0.02 1.095 0.2 0.042 0.476

Prevalence − 0.008 − 0.013 − 0.004 − 0.319 0.001 0.185
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included (p = 0.209). Other variables in the adjusted anal-
ysis showed a significant association with HAQ scores. 
Health expenditure was associated with a 0.008 point 
increase in HAQ score for each additional per capita dol-
lar (p < 0.001), life expectancy was associated with a 1.371 
point increase with each additional year of life (p < 0.001) 
and prevalence of hypertensive heart disease was associ-
ated with a 0.044 point decrease in HAQ score for each 
additional 100,000 people diagnosed with hypertensive 
heart disease (p < 0.001) (Table 4).

Discussion
The number of medicines used to treat cerebrovascu-
lar disease and hypertensive heart disease included in 
national essential medicines lists was associated with 
amenable mortality, but the association was not present 
when country characteristics such as health spending 
were accounted for.

Our findings suggest that increases in a country’s 
health expenditure may improve HAQ scores for cardio-
vascular disease. Fullman et al., (2018) found that health 
spending per capita was strongly correlated with HAQ 
Index performance, however there was a large variation 
in score within similar levels of spending [4]. Govern-
ment spending as a fraction of total health spending was 
also positively correlated with HAQ Index performance 
[4]. Per-capita health expenditure is inadequate to pay for 
basic healthcare interventions in some low-income coun-
tries [20, 21]. For the countries included in this study, 62 
countries’ (of the 131 total countries; one country had 
no data) per-capita government expenditure on health 
was less than the minimum required for basic effective 
public-health system [20]. A modest increase in public 
spending, efficient resource use and an investment in 
prevention programs is necessary for addressing inequity 
in healthcare [21]. It is also possible that higher health-
care spending would allow countries to purchase a better 
selection of medicines which may, in turn, lead to better 
health outcomes or higher spending could increase the 
availability of essential medicines.

We suspect that barriers within the healthcare system 
are particularly important for cardiovascular health. 
Inequity exists within the implementation of cost-effec-
tive interventions and the provision of care for cardio-
vascular disease predominantly in low-income countries 
where health systems may not be adequately equipped 
for providing chronic disease care [21]. For example, in 
Kenya, cardiovascular medicines can only be prescribed 
by physicians, [22] however it can be difficult for patients 
to access physicians due to a lack of effective referral net-
works [23] and a shortage of physicians making it diffi-
cult to contend with the disease burden [22]. Therefore, 
patients may be entering the healthcare system but not 
receiving proper cardiovascular care.

Other factors, such as quality of care, may impact 
mortality from cardiovascular disease. A study of 137 
low- and middle-income countries found that amena-
ble mortality outcomes were predominantly due to poor 
quality healthcare (84% of cardiovascular deaths amena-
ble to healthcare), while the remaining 16% was due to 
non-utilization of healthcare [24]. This study shows that 
cardiovascular deaths for people entering the health-
care system are predominantly driven by poor quality of 
care. Therefore quality of care may account for some of 
the observed differences in amendable mortality and this 
would attenuate any real relationship between medicine 
selection and health outcomes.

Strengths and limitations
This was the first study we are aware of to compare 
NEML medications listings for cardiovascular diseases 
on a large scale. As a cross-sectional study, it would be 
inappropriate to draw causal conclusions about a rela-
tionship between medicine coverage scores and HAQ 
scores. Studying these associations over time may help 
solidify the conclusions drawn in this cross-sectional 
study. Applying a global medicine coverage score cal-
culation represents a number of challenges. The score 
does not account for medicines that are therapeutically 
interchangeable within a class; theoretically, only one 

Table 4  Hypertensive heart disease: medicine coverage score

R2
unadjusted = 0.109 (F = 15.846, (df 130), p < 0.001). R2

adjusted = 0.454 (F = 19.963, (df 125), p < 0.001)

B, unstandardized coefficient; Beta, standardized coefficient; CI, confidence interval

Variable B 95% CI lower bound 95% CI upper bound Beta P-value Pearson correlation

Unadjusted Medicine coverage score 0.621 0.312 0.929 0.331 < 0.001 0.331

Adjusted Medicine coverage score 0.204 − 0.116 0.524 0.11 0.209 0.324

Health expenditure 0.008 0.004 0.013 0.346 < 0.001 0.533

Population 2.073E−06 0 0 0.019 0.782 − 0.009

Life expectancy 1.371 0.829 1.913 0.484 < 0.001 0.554

Prevalence − 0.044 − 0.063 − 0.026 − 0.402 < 0.001 0.084
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medicine in the class needs to be present for treatment, 
and the others are redundant. However, listing more 
than one medicine in a class can be beneficial in certain 
circumstances, for example in the case of drug recalls 
or shortages. In addition, there are no guidelines for the 
number of medicines needed in a class for proper cov-
erage so we opted to include any that were listed in the 
country score. Although there are limitations to creating 
a medicine coverage score, our approach that was based 
on total medicines listed on NEMLs, allowed for an over-
all score that could be compared across many countries. 
The HAQ Index and GEM database both have their own 
limitations, which can be found in their respective arti-
cles [4, 10].

Conclusions
The number of medicines relevant to cardiovascular dis-
ease included in NEMLs is associated with amenable car-
diovascular mortality but this association is not present 
when accounting for country attributes such as national 
healthcare spending. Country attributes may influ-
ence essential medicine listing which can impact health 
outcomes.
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