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Abstract

Hypertension is the most significant risk factor for cardiovascular disease and mortality
worldwide, affecting 1.3 billion adults. Global disparities in hypertension control are widening
with low- and middle-income countries (LMIC) having the fastest growing rates of hyperten-
sion and low rates of control. Treatment for hypertension can be challenging, with multiple
drug classes and dosing schedules. Combination antihypertensives have been suggested
as a solution for their efficacy and potential to improve adherence. Global consumption of
combination and non-combination antihypertensives across 75 countries and 2 regions
from 2010 to 2021 was estimated using the IQVIA MIDAS database on pharmaceutical
sales. Consumption rates were standardized using Standard Units (SUs) and analysed by
high-income (HIC), upper-middle income (UMIC), and LMIC income classification. Global
median consumption rate of all antihypertensives per 1000 inhabitants per day increased
from 184.78 SUs in 2010 to 325.6 SUs in 2021, with HICs consistently having the highest
rates. Median consumption rates of combination and non-combination antihypertensives
increased across all country income groups but combination drugs were consumed at a
lower rate and proportion. LMICs consumed a higher percentage of combination antihyper-
tensives relative to non-combination (45.5%) than UMICs (24.3%) and HICs (24.4%) in
2021. While combination antihypertensives may be preferred for their potential for increased
adherence and effectiveness, their global uptake is inconsistent. HICs consume less combi-
nation medication relative to non-combination, despite higher overall consumption rates of
antihypertensives. LMICs show increasing use of combination medications, indicating a
shift towards their use.

Introduction

Hypertension is the most significant risk factor for cardiovascular disease and mortality world-
wide, affecting 1.3 billion adults [1]. Despite approximately 30% of the global population
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suffering from hypertension, only 13.8% of these cases were managed effectively [2-4]. Uncon-
trolled hypertension escalates the risk for overt cardiovascular and kidney disease, and was
responsible for 10.8 million deaths in 2019, predominantly through its attribution to ischemic
heart disease and cerebrovascular disease [5, 6]. Additionally, hypertension prevalence and
control show significant global disparities. Over the last two decades, hypertension rates have
declined in high-income countries but increased in low- and middle-income countries
(LMIC), with over 1 billion of the total hypertension patients in 2019 (82% of total population
with hypertension) residing in LMICs where insufficient access to drugs contributes to low
treatment rates [1].

While pharmacologic agents, such as anti-hypertensive medications, are key for long-term
control, the vast range of available drug classes, doses, and potencies complicate treatment reg-
imens. Most patients require concurrent treatment with multiple antihypertensive medica-
tions for effective control, making adherence difficult [7-9]. One potential solution is
combination antihypertensive medications, which merge two or more hypertension drug clas-
ses into a single pill [9]. These medications not only simplify the treatment regimen but also
provide a stronger blood pressure reduction effect than either medication alone [10, 11]. These
combination pills lower the required dosage of each agent, reducing adverse medication-
related side effects and improving adherence rates [10-12].

The evidence base for combination antihypertensives was established largely in high-
income countries, which were the first to include them in clinical guidelines [10, 12, 13]. There
is limited evidence on the use of combination antihypertensives in middle- or lower-income
countries. To the best of our knowledge, no comprehensive study has previously assessed the
consumption patterns of combination antihypertensives from a global perspective. Given pre-
vious pharmaceutical consumption patterns in wealthier nations [14, 15], our hypothesis is
that high-income countries would have both higher overall rates of antihypertensive medica-
tions and a larger percentage of combination medication use in comparison to their total anti-
hypertensive medication consumption.

To evaluate our hypothesis, we analysed global sales data of combination and non-combi-
nation antihypertensive medicines in 75 countries and 2 regions, representing more than 80%
of the global population, from 2010 to 2021. We calculated the antihypertensive consumption
rates for each country and evaluated the consumption patterns of combination vs single medi-
cation formulations of antihypertensive drugs by country income classification.

Methods

To assess consumption of antihypertensive drugs, we utilized the IQVIA MIDAS database, a
resource previously employed for assessing global antibiotic and opioid usage [14]. IQVIA col-
lects data on antihypertensives using the same approach. The data in the IQVIA MIDAS data-
base originates from the supply chain at the national level, primarily through shipments to
delivery points such as pharmacies, hospitals, and clinics from manufacturers, distributors,
and wholesalers. Sometimes, data is gathered as consumption based on distribution to
patients. The exact data collection point can differ according to the healthcare system and dis-
tribution model of each country. Most data is electronically collected and reported on a
monthly or quarterly basis. We used quarterly sales data for both hospital and retail settings
from 2010 to 2021 across 75 countries and 2 additional regions. Countries included in the 2
regions were: Central America (Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua,
and Panama) and French-speaking west Africa (Benin, Burkina Faso, Cameroon, Chad, Cote
d’Ivoire, Republic of Congo, Guinea, Mali, Niger, Senegal, and Togo).
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We had complete data for 50 countries or regions. For 27 countries, we had complete sales
data for the retail sector but no data from the hospital sector of these countries. However,
within these 27 countries, the retail sector accounted for more than 70% of the antihyperten-
sives market in 20 countries and 60% or more in 3 countries. Therefore, the missing data for
the hospital sector market in these countries is unlikely to substantially impact our consump-
tion rate estimates, trends and key conclusions. We report the retail market share for these 27
countries in S1 Table.

Antihypertensive drugs were included based on the following European Pharmaceutical
Marketing Research Association (EphMRA) Anatomical Therapeutic Chemical 2022 classifi-
cation codes: C2 (antihypertensives), C2A (antihypertensives of non-herbal origin, plain), C2B
(antihypertensives of non-herbal origin, combination with diuretics), C2C Rauwolfia alkaloids
and other antihypertensives of herbal origin, C2D Rauwolfia alkaloids and other antihyperten-
sives of herbal origin in combination with diuretics, C3 Diuretics, C7 beta blockers, C8 cal-
cium antagonists with antihypertensive and/or anti-angina and C9 ACE inhibitors and ATII
inhibitors.

Each antihypertensive drug has unique dosing methods and potency levels. To standardise
potency and dosing across all medications, IQVIA translates volume information into Stan-
dard Units (SUs), a measure of volume created by IQVIA to enable comparison between coun-
tries. The Standard Unit for any medication corresponds to the single-dose unit for that drug,
which could be a single capsule, pill, or a comparable quantity of liquid. The calculation of SUs
depends on the form of the medication and is based on the principle of converting the medica-
tion quantity into a standard measurement. For example, one standard unit for solid dosage
forms equals one tablet or capsule while for liquid dosage forms, an SU may be defined as a
milliliter (ml) or another volume measure that corresponds to a typical dose. The total volume
dispensed is converted into Standard Units based on this measure. Previous studies have used
SUs to standardize dosing across medications and to facilitate comparisons among different
medications [15, 16]. We assumed antihypertension drug consumption as the volume of sales
expressed in SUs. The annual consumption rate of antihypertension drugs was expressed as
SUs per 1000 individuals, using population estimates from the World Bank [17]. Countries
were grouped by income class as high (HIC), upper-middle (UMIC), and low and lower-mid-
dle (LMIC) using the 2016 World Bank income classification.

We assessed the variations in antihypertension drug usage based on two factors: 1) the
change in the annual consumption rate for each country from 2010 to 2021; and 2) the differ-
ences in the median annual consumption rate trends among the three income groups over the
course of the study period. We assessed the differences in trends using the Wald chi-square
test. Additionally, we examined the differences in the usage of combination and non-combina-
tion antihypertensive medications across income groups as a percentage of total antihyperten-
sive medications consumed. We also report these results for the year 2019 to assess sensitivity
to the potential impact of the COVID-19 pandemic in 2020/21.

Statistical analyses were performed using R statistical software, version 4.3.1 (R Foundation).

Results

In 2021, Serbia, Bulgaria, and Hungary had the highest SUs consumed per 1,000 inhabitants
per day (Fig 1). Between 2010 and 2021, Croatia (48.45 SUs), Austria (13.74 SUs), and Lithua-
nia (10.94 SUs) had the greatest increases in the national antihypertensive medication con-
sumption rate.

The global median consumption rate of all antihypertensive medications per 1,000 inhabi-
tants per day increased from 184.78 SUs in 2010 to 325.6 SUs in 2021. In 2021, 47% of the
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Fig 1. SU consumption rate by country for 2021 in SUs per 1000 inhabitants per day.

https://doi.org/10.1371/journal.pgph.0003698.9001

global SU volume of antihypertensives was consumed by HICs, with 34% and 18% consumed
by UMICs and LMICs, respectively. For all country income classes (LMIC, UMIC, and HIC),
consumption rates consistently increased from 2010 to 2021 (Fig 2). HICs had consistently
higher rates of consumption than UMICs, which in turn had consistently higher rates of con-
sumption than LMICs for the entire study period (52 Table). For LMICs, the median con-
sumption rate in SUs increased from 26.9 SUs [IQR, 24.8] in 2010 to 58.6 SUs [IQR, 40.2] in
2021. For UMICs, the median consumption rate increased from 95.5 SUs [IQR, 112.9] to
179.2 SUs [IQR, 294.1] in 2021. For HICs, the median consumption rate increased from 340.6
SUs [IQR, 123.5] to 396.4 SUs [IQR, 178.2] in 2021. Median consumption rates in HICs in
2021 were more than four times the median consumption rate of LMICs. However, UMICs
experienced the highest growth rate between 2010 and 2021. The consumption rate trends
from 2010 to 2021 significantly differed between LMICS, UMICs, and HICs [Wald chi-square
test, HIC and LMIC: chi2 = 155.74; p value < .001, HIC and UMIC: chi2 = 52.67; p value <
.001, UMIC and LMIC: chi2 = 15.80; p value < .001]. Results for 2019 are reported in S1 Fig.
The median consumption rate of combination antihypertensive medications increased
from 2010 to 2021 for HICs, UMICs, and LMICs (Fig 3A). HICs had the highest median con-
sumption rates consistently across the study period, followed by UMICs and LMICs
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Fig 2. Median consumption rate of all antihypertensive medications from 2010-2021 in SUs, by country income class.

https://doi.org/10.1371/journal.pgph.0003698.9g002

(S3 Table). LMIC median consumption rates nearly quadrupled between 2010 and 2021 (5.9
to 24.9), while UMICs approximately doubled (25.4 to 53.9). Echoing the trend for median
consumption rates of all medications, HICs experienced the lowest percentage increase of all
country income classes.

The median consumption rate of non-combination antihypertensive medications also
increased from 2010 to 2021 for HICs, UMICs, and LMICs (Fig 3B). As with combination
medications, HICs had the highest median consumption rate consistently across the study
period, followed by UMICs and LMICs (54 Table).

Across the entire study period of 2010 to 2021, the median consumption rates of combina-
tion medications were lower than those of non-combination medications for all country
income classes (Fig 3). However, consumption rates of combination medications for all
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Fig 3. Median consumption rate for combination vs non-combination medications from 2010-2021 by country income class.

https://doi.org/10.1371/journal.pgph.0003698.g003

country classes did increase through the study period, though not enough to overtake con-
sumption rates for non-combination medications. For example, in LMICs, median consump-
tion rates of combination medications increased from 5.9 SUs to 24.8 SUs, while non-
combination medications in the same time period increased from 17.2 SUs to 31.7 SUs.

Based on SU volume of all antihypertensive medications in 2010 and 2021, non-combina-
tion medications were the most consumed compared to combination medications in LMICs,
UMICs, and HIC:s (Fig 4). However, LMICs consumed a much higher percentage of combina-
tion drugs (45.5%) than UMICs (24.3%) and HICs (24.4%) in 2021. Between 2010 and 2021,
both LMICs and UMIC:s slightly increased the proportion of combination drugs (43.5% to
45.5% and 22.5% to 24.3%, respectively). By contrast, the proportion of combination antihy-
pertensive drugs consumed in HICs remained unchanged over the study period (24.6 to 24.4).
Results for 2019 are reported in S2 Fig.
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Fig 4. Consumption of combination vs non-combination drugs in 2010 and 2021 by percentage of annual SUs.
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Combination medications were among the top five most sold medications in both 2010 and
2021 for LMICs only (Fig 5). UMICs and HICs did not have any combination medications
among their top 5 medications consumed by volume in both 2010 and 2021. Within the top 10
medications consumed by volume, LMICs had four combination medications, two of which
are WHO EML listed (amlodipine/telmisartan and hydrochlorothiazide/telmisartan). By con-
trast, UMICs and HICs only had one combination medication listed per country class in their
top 10 drugs (Apocynum venetum and hydrochlorothiazide/losartan, respectively).

Discussion

HICs had the highest antihypertensive consumption rate, four times the median rate of LMICs
in 2021. However, UMICs and LMICs consume a higher percentage of combination
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antihypertensive medications, a potentially more effective and clinically recommended first-
line therapy for patients with hypertension. LMICs consumed a higher percentage of combina-
tion medications out of total antihypertensive medications than UMICs and HICs. While
HICs had higher consumption rates of antihypertensive medications, they consumed a lower
proportion of combination medications relative to non-combination antihypertensive drugs.
Therefore, even when clinical consensus broadly exists and recommends single-pill combina-
tion antihypertensive medication for hypertension control, there is inconsistent global uptake
of such recommendations.

Combination antihypertensive medications commonly combine two drugs from different
mechanistic categories to maximize clinical benefit—using two drugs can not only target
hypertension from two different pathophysiological pathways but also reduce the possibilities
of adverse side effects from using a higher dose of one class on its own. Other diseases have
also used combination medications to simplify treatment. Combination medications have pre-
viously been recommended as first-line treatment in other diseases like tuberculosis and HIV.
Like hypertension, tuberculosis and HIV both required consistent dosing of multiple pills a
day, resulting in low patient adherence and logistical complications due to requiring sourcing
of each individual pill. Combination pills for HIV revolutionized implementation of therapy.
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Instead of requiring multiple pills multiple times a day, and requiring providers to individually
prescribe each pill, a combination pill for HIV not only simplified the task required of pre-
scribers but also simplified treatment regimens for patients [18]. Combination pills for HIV
have been shown to increase patient adherence, increasing the likelihood of sustained adher-
ence and HIV viral load control over time [19].

Many of the same advantages that combination medications held for HIV are true for
hypertension treatment. Hypertension is a disease that requires frequent medication dosing
from different classes for most patients. Combination medications not only reduce treatment
complexity but help improve patient adherence. The 2021 WHO guideline for the pharmaco-
logical treatment of hypertension in adults recommended combination therapy (single-pill
combination) as initial treatment [13]. The 2018 European Society of Cardiology/European
Society of Hypertension released new guidelines that emphasize medical professionals to initi-
ate treatment with combination therapy because most patients will not reach target blood pres-
sure measurements with monotherapies [20]. Similarly, the 2017 American College of
Cardiology/American Heart Association guidelines for the management of high blood pres-
sure recommended combination therapy to increase adherence to the medication [21]. Addi-
tionally, there are significant supply-chain advantages to combination drugs where supply
chain costs could be reduced due to simplifications in production, storage and dispensing
[18].

However, actual consumption patterns for combination antihypertensive medications are
not well understood. Previous studies have analysed consumption of antihypertensive drugs,
but have not examined combination hypertensive medication consumption relative to non-
combination antihypertensive drugs [22-26]. With combination antihypertensive medications
now a first-line recommended hypertension medication by multiple clinical body guidelines,
understanding consumption of combination medications relative to non-combination medi-
cations is crucial to devising policy responses for efficient use of existing resources. To our
knowledge, this is the first study to track consumption rates globally for all combination and
non-combination antihypertensive drugs over a decade, demonstrating longitudinal patterns
of consumption as different clinical standards were established.

Several limitations should be considered when interpreting these findings. We assumed
sales data to approximate consumption. Some pharmaceuticals that are purchased may not be
used due to a range of distribution and healthcare related factors. Additionally, country-spe-
cific protocols and disease severity classifications may influence drug purchases. This study
also used Standard Units (SUs) to standardize dosing between medications, which is a unit
defined by IQVIA to be one dose of a medication no matter what form (i.e., pill, injection,
powder). This was used to standardize dosing of different classes of medications which all have
different strengths and dosing schedules according to clinical guidelines. This may affect esti-
mates of consumption, as it does not consider how dosing from one medication may change
between medication classes. However, previous studies have also used SUs in studies concern-
ing medication consumption because it allows for standardization and calculation of overall
consumption trends in a uniform way [15, 16, 27]. We also included all types of antihyperten-
sion medications in our analysis to have a robust and well represented picture of consumption.
Regional preferences still exist in prescribing patterns regarding different types of medications
and including all types of medication that could be used for hypertension allowed us to capture
as much global consumption as possible. However, some medications used for blood pressure
also have additional indications (i.e., diuretics used for blood pressure control are also used for
treatment of heart failure) and we were unable to exclude consumption for these additional
indications, although such use is considerably small and may not influence these patterns
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substantially. Lastly, we did not have data on drug costs and therefore could not assess the
impact of price differences between combination and non-combination antihypertensives.

Our findings suggest that existing policies encouraging consumption of combination medi-
cations (clinical guidelines, global purchasing agreements) have worked to encourage con-
sumption of antihypertensives in LMICs but not in UMICs and HICs. Given the efficiency
and efficacy benefits of combination medications in reducing hypertension, UMICs and HICs
have significant room to reduce costs and improve rates of hypertension control by increasing
the use of combination antihypertensive drugs relative to non-combination drugs. In LMICs,
however, rates of all antihypertensive consumption were and remained significantly below
UMICs and HICs, for the duration of the study period.

Supporting information

S1 Table. Retail sector antihypertensives market share for countries with missing hospital
sector data.
(DOCX)

$2 Table. Consumption rates for all antihypertensive drugs, SUs per 1000 inhabitants per
day.
(DOCX)

$3 Table. Consumption rates for combination antihypertensive drugs, SUs per 1000 inhab-
itants per day.
(DOCX)

$4 Table. Consumption rates for non-combination antihypertensive drugs, SUs per 1000
inhabitants per day.
(DOCX)

S1 Fig. SU consumption rate by country for 2019 in SUs per 1000 inhabitants per day.
(TIF)

S2 Fig. Consumption of combination vs non-combination drugs in 2010 and 2019 by per-
centage of annual SUs.
(TIF)

Author Contributions

Conceptualization: Sahan Jayawardana, Allen Campbell, Murray Aitken, Charlotte E.
Andersson, Mandeep R. Mehra, Elias Mossialos.

Data curation: Sahan Jayawardana, Allen Campbell, Murray Aitken.
Formal analysis: Sahan Jayawardana.

Investigation: Sahan Jayawardana.

Methodology: Sahan Jayawardana.

Resources: Allen Campbell, Murray Aitken, Elias Mossialos.
Supervision: Elias Mossialos.

Validation: Elias Mossialos.

Visualization: Sahan Jayawardana.

Writing - original draft: Sahan Jayawardana.

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0003698 September 6, 2024 10/12


http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003698.s001
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003698.s002
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003698.s003
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003698.s004
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003698.s005
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0003698.s006
https://doi.org/10.1371/journal.pgph.0003698

PLOS GLOBAL PUBLIC HEALTH

Global consumption patterns of combination hypertension medication

Writing - review & editing: Sahan Jayawardana, Allen Campbell, Murray Aitken, Charlotte

E. Andersson, Mandeep R. Mehra, Elias Mossialos.

References

1.

10.

1.

12.

13.

14.

15.

Zhou B, Carrillo-Larco RM, Danaei G, Riley LM, Paciorek CJ, Stevens GA, et al. Worldwide trends in
hypertension prevalence and progress in treatment and control from 1990 to 2019: a pooled analysis of
1201 population-representative studies with 104 million participants. The Lancet. 2021; 398: 957—980.
https://doi.org/10.1016/S0140-6736(21)01330-1 PMID: 34450083

Olsen MH, Angell SY, Asma S, Boutouyrie P, Burger D, Chirinos JA, et al. A call to action and a life-
course strategy to address the global burden of raised blood pressure on current and future genera-
tions: the Lancet Commission on hypertension. The Lancet. 2016; 388: 2665—-2712. https://doi.org/10.
1016/S0140-6736(16)31134-5 PMID: 27671667

Ferdinand KC, Reddy TK, Vo TN. Global interventions in hypertension: new and emerging concepts.
Current Opinion in Cardiology. 2021; 36: 436. https://doi.org/10.1097/HC0O.0000000000000866 PMID:
33871401

Zhou B, Perel P, Mensah GA, Ezzati M. Global epidemiology, health burden and effective interventions
for elevated blood pressure and hypertension. Nat Rev Cardiol. 2021; 18: 785-802. https://doi.org/10.
1038/s41569-021-00559-8 PMID: 34050340

Murray CJL, Aravkin AY, Zheng P, Abbafati C, Abbas KM, Abbasi-Kangevari M, et al. Global burden of
87 risk factors in 204 countries and territories, 1990-2019: a systematic analysis for the Global Burden
of Disease Study 2019. The Lancet. 2020; 396: 1223—-1249. https://doi.org/10.1016/S0140-6736(20)
30752-2 PMID: 33069327

Mittal BV, Singh AK. Hypertension in the Developing World: Challenges and Opportunities. American
Journal of Kidney Diseases. 2010; 55: 590-598. https://doi.org/10.1053/j.ajkd.2009.06.044 PMID:
19962803

Benjamin IJ, Kreutz R, Olsen MH, Schutte AE, Lopez-Jaramillo P, Frieden TR, et al. Fixed-dose combi-
nation antihypertensive medications. The Lancet. 2019; 394: 637—-638. https://doi.org/10.1016/S0140-
6736(19)31629-0 PMID: 31320200

Chow CK, Teo KK, Rangarajan S, Islam S, Gupta R, Avezum A, et al. Prevalence, Awareness, Treat-
ment, and Control of Hypertension in Rural and Urban Communities in High-, Middle-, and Low-Income
Countries. JAMA. 2013; 310: 959-968. https://doi.org/10.1001/jama.2013.184182 PMID: 24002282

Salam A, Huffman MD, Kanukula R, Hari Prasad E, Sharma A, Heller DJ, et al. Two-drug fixed-dose
combinations of blood pressure-lowering drugs as WHO essential medicines: An overview of efficacy,
safety, and cost. The Journal of Clinical Hypertension. 2020; 22: 1769-1779. https://doi.org/10.1111/
jch.14009 PMID: 32815663

DiPette DJ, Skeete J, Ridley E, Campbell NRC, Lopez-Jaramillo P, Kishore SP, et al. Fixed-dose com-
bination pharmacologic therapy to improve hypertension control worldwide: Clinical perspective and
policy implications. The Journal of Clinical Hypertension. 2019; 21: 4-15. https://doi.org/10.1111/jch.
13426 PMID: 30480368

Marinier K, Macouillard P, de Champvallins M, Deltour N, Poulter N, Mancia G. Effectiveness of two-
drug therapy versus monotherapy as initial regimen in hypertension: A propensity score-matched cohort
study in the UK Clinical Practice Research Datalink. Pharmacoepidemiology and Drug Safety. 2019;
28: 1572—-1582. https://doi.org/10.1002/pds.4884 PMID: 31482621

Gupta AK, Arshad S, Poulter NR. Compliance, Safety, and Effectiveness of Fixed-Dose Combinations
of Antihypertensive Agents. Hypertension. 2010; 55: 399-407. https://doi.org/10.1161/
HYPERTENSIONAHA.109.139816 PMID: 20026768

Guideline for the pharmacological treatment of hypertension in adults. Geneva: World Health Organi-
zation; 2021. Available: http://www.ncbi.nim.nih.gov/books/NBK573631/

Jayawardana S, Forman R, Johnston-Webber C, Campbell A, Berterame S, Joncheere C de, et al.
Global consumption of prescription opioid analgesics between 2009—-2019: a country-level observa-
tional study. eClinicalMedicine. 2021; 42. https://doi.org/10.1016/j.eclinm.2021.101198 PMID:
34820610

Boeckel TPV, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin SA, et al. Global antibiotic consump-
tion 2000 to 2010: an analysis of national pharmaceutical sales data. The Lancet Infectious Diseases.
2014; 14: 742-750. https://doi.org/10.1016/S1473-3099(14)70780-7 PMID: 25022435

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0003698 September 6, 2024 11/12


https://doi.org/10.1016/S0140-6736%2821%2901330-1
http://www.ncbi.nlm.nih.gov/pubmed/34450083
https://doi.org/10.1016/S0140-6736%2816%2931134-5
https://doi.org/10.1016/S0140-6736%2816%2931134-5
http://www.ncbi.nlm.nih.gov/pubmed/27671667
https://doi.org/10.1097/HCO.0000000000000866
http://www.ncbi.nlm.nih.gov/pubmed/33871401
https://doi.org/10.1038/s41569-021-00559-8
https://doi.org/10.1038/s41569-021-00559-8
http://www.ncbi.nlm.nih.gov/pubmed/34050340
https://doi.org/10.1016/S0140-6736%2820%2930752-2
https://doi.org/10.1016/S0140-6736%2820%2930752-2
http://www.ncbi.nlm.nih.gov/pubmed/33069327
https://doi.org/10.1053/j.ajkd.2009.06.044
http://www.ncbi.nlm.nih.gov/pubmed/19962803
https://doi.org/10.1016/S0140-6736%2819%2931629-0
https://doi.org/10.1016/S0140-6736%2819%2931629-0
http://www.ncbi.nlm.nih.gov/pubmed/31320200
https://doi.org/10.1001/jama.2013.184182
http://www.ncbi.nlm.nih.gov/pubmed/24002282
https://doi.org/10.1111/jch.14009
https://doi.org/10.1111/jch.14009
http://www.ncbi.nlm.nih.gov/pubmed/32815663
https://doi.org/10.1111/jch.13426
https://doi.org/10.1111/jch.13426
http://www.ncbi.nlm.nih.gov/pubmed/30480368
https://doi.org/10.1002/pds.4884
http://www.ncbi.nlm.nih.gov/pubmed/31482621
https://doi.org/10.1161/HYPERTENSIONAHA.109.139816
https://doi.org/10.1161/HYPERTENSIONAHA.109.139816
http://www.ncbi.nlm.nih.gov/pubmed/20026768
http://www.ncbi.nlm.nih.gov/books/NBK573631/
https://doi.org/10.1016/j.eclinm.2021.101198
http://www.ncbi.nlm.nih.gov/pubmed/34820610
https://doi.org/10.1016/S1473-3099%2814%2970780-7
http://www.ncbi.nlm.nih.gov/pubmed/25022435
https://doi.org/10.1371/journal.pgph.0003698

PLOS GLOBAL PUBLIC HEALTH

Global consumption patterns of combination hypertension medication

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Sood N, De Vries H, Gutierrez |, Lakdawalla D, Goldman D. The effect of regulation on pharmaceutical
revenues: experience in nineteen countries. Health Aff (Millwood). 2009; 28: 10.1377/hlthaff.28.1.w125.
https://doi.org/10.1377/hlthaff.28.1.w125 PMID: 19088100

World Bank. Population estimates and projections. The World Bank Group; 2020. Available: https://
databank.worldbank.org/home.aspx

Gilks CF, Crowley S, Ekpini R, Gove S, Perriens J, Souteyrand Y, et al. The WHO public-health
approach to antiretroviral treatment against HIV in resource-limited settings. The Lancet. 2006; 368:
505-510. https://doi.org/10.1016/S0140-6736(06)69158-7 PMID: 16890837

Airoldi M, Zaccarelli M, Bisi L, Bini T, Antinori A, Mussini C, et al. One-pill once-a-day HAART: a simplifi-
cation strategy that improves adherence and quality of life of HIV-infected subjects. Patient Prefer
Adherence. 2010; 4: 115-125. https://doi.org/10.2147/ppa.s10330 PMID: 20517472

Bergler-Klein J. What's new in the ESC 2018 guidelines for arterial hypertension. Wien Klin
Wochenschr. 2019; 131: 180-185. hitps://doi.org/10.1007/s00508-018-1435-8 PMID: 30715608

2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood Pressure in Adults: A Report of the American
College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines | Hyper-
tension. [cited 5 Aug 2023]. Available: https://www.ahajournals.org/doi/full/10.1161/HYP.
0000000000000065

XuH, HeY, XuL, Yan X, Dai H. Trends and patterns of five antihypertensive drug classes between
2007 and 2012 in China using hospital prescription data. CP. 2015; 53: 430—437. https://doi.org/10.
5414/CP202243 PMID: 25828638

Kucan M, Mrsic-Pelcic J, Vitezic D. Antihypertensive Drugs in Croatia: What Changes the Drug Usage
Patterns? Clinical Therapeutics. 2018; 40: 1159-1169. https://doi.org/10.1016/j.clinthera.2018.05.018
PMID: 30017168

Rouette J, McDonald EG, Schuster T, Brophy JM, Azoulay L. Treatment and prescribing trends of anti-
hypertensive drugs in 2.7 million UK primary care patients over 31 years: a population-based cohort
study. BMJ Open. 2022; 12: e057510. https://doi.org/10.1136/bmjopen-2021-057510 PMID: 35688595

Huang L-Y, Shau W-Y, Chen H-C, Su S, Yang M-C, Yeh H-L, et al. Pattern analysis and variations in
the utilization of antihypertensive drugs in Taiwan: a six-year study. Eur Rev Med Pharmacol Sci. 2013;
17: 410-419. PMID: 23426547

Sundbgll J, Adelborg K, Mansfield KE, Tomlinson LA, Schmidt M. Seventeen-Year Nationwide Trends
in Antihypertensive Drug Use in Denmark. American Journal of Cardiology. 2017; 120: 2193-2200.
https://doi.org/10.1016/j.amjcard.2017.08.042 PMID: 29054274

Coghlan R, Stephens P, Mwale B, Siyanga M. A new approach to gathering pharmaceutical market
data to support policy implementation and access to medicines: as demonstrated by malaria medicines
in Zambia. Malaria Journal. 2018; 17: 444. https://doi.org/10.1186/s12936-018-2594-9 PMID:
30497504

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0003698 September 6, 2024 12/12


https://doi.org/10.1377/hlthaff.28.1.w125
http://www.ncbi.nlm.nih.gov/pubmed/19088100
https://databank.worldbank.org/home.aspx
https://databank.worldbank.org/home.aspx
https://doi.org/10.1016/S0140-6736%2806%2969158-7
http://www.ncbi.nlm.nih.gov/pubmed/16890837
https://doi.org/10.2147/ppa.s10330
http://www.ncbi.nlm.nih.gov/pubmed/20517472
https://doi.org/10.1007/s00508-018-1435-8
http://www.ncbi.nlm.nih.gov/pubmed/30715608
https://www.ahajournals.org/doi/full/10.1161/HYP.0000000000000065
https://www.ahajournals.org/doi/full/10.1161/HYP.0000000000000065
https://doi.org/10.5414/CP202243
https://doi.org/10.5414/CP202243
http://www.ncbi.nlm.nih.gov/pubmed/25828638
https://doi.org/10.1016/j.clinthera.2018.05.018
http://www.ncbi.nlm.nih.gov/pubmed/30017168
https://doi.org/10.1136/bmjopen-2021-057510
http://www.ncbi.nlm.nih.gov/pubmed/35688595
http://www.ncbi.nlm.nih.gov/pubmed/23426547
https://doi.org/10.1016/j.amjcard.2017.08.042
http://www.ncbi.nlm.nih.gov/pubmed/29054274
https://doi.org/10.1186/s12936-018-2594-9
http://www.ncbi.nlm.nih.gov/pubmed/30497504
https://doi.org/10.1371/journal.pgph.0003698

