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ABSTRACT

Objectives This study aims to examine the effects of

the July 2018 worldwide valsartan recall and shortage

on global trends of antihypertensive medication use in 83
countries.

Methods A time-series analysis of monthly purchases

of valsartan, other angiotensin Il receptor blockers (ARBs)
and angiotensin-converting enzyme inhibitors (ACEIs)
across 83 countries from January 2017 to July 2020 was
conducted using the 1QVIA MIDAS database. Trends in
outcomes were investigated globally and by economic
level (developed vs developing economies). The valsartan
recall’s impact on antihypertensive use was assessed with
interventional autoregressive integrated moving average
modelling.

Results Global valsartan utilisation trends decreased
significantly by 15.7% (-61 166 515 SU; p<0.0001),
while global purchases of other ARBs increased by 44.8%
(+958 069 420 SU; p=0.8523) and ACElIs increased by
1.6% (+44 106 747 SU; p=0.1102). Of the 32 developed
countries, 20 (62.5%) showed a decline in 1-month
percentage change in valsartan purchases, whereas only
10 out of 33 developing countries (30.3%) experienced a
decrease in valsartan purchases. Mean 1-month, 3-month
and 6-month percentage changes for developed countries
were —1.2%, —9.3% and —12.2%, respectively, while the
changes for developing countries were 25.0%, 7.3% and
-1.2%.

Conclusions Global valsartan purchases substantially
decreased post-recall, highlighting the far-reaching
impacts of drug shortages. Opposing utilisation trends

by economic level raise concerns of potential distribution
of contaminated medications from developed countries

to developing countries. Concerted actions for equitable
global access to quality medications and mitigation of drug
shortages are needed.

INTRODUCTION

Valsartan, an angiotensin II receptor clocker
(ARB), is a medication commonly used for
the treatment of hypertension and heart
failure.! * On 5 July 2018, the European

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Our data set included a large number of countries
and an extensive observational period of validated
data from 1QVIA MIDAS to provide a holistic analysis
of this global issue.

= A shortcoming of IQVIA-MIDAS data is the limited
data on low-income, developing economies, where
inequality gaps in drug access are greatest.

= This study underestimates the full scope of the
shortage in terms of total units since this analysis
did not include valsartan combination products due
to variability across countries.

= Another limitation is the lack of prescription-level
data, which prevents assessment of patient-level
consumption and discontinuation, patient-switching
to alternatives and pharmacy-level recalls.

Medicines Agency (EMA) issued a recall of all
medicines containing valsartan supplied by
Zhejiang Huahai Pharmaceuticals, following
the detection of an impurity, N-nitrosodime-
thylamine (NDMA)." NDMA is a probable
carcinogen associated with liver toxicity and
the occurrence of many forms of cancer.”
The NDMA impurity is believed to have orig-
inated from unreported changes to Huahai’s
valsartan ~manufacturing process intro-
duced in 2012." * Immediately following the
EMA’s announcement, Novartis, a customer
of Huahai, voluntarily recalled over 2300
batches of valsartan products sent to 23 coun-
tries to protect users from the potentially
carcinogenic contamination.” More than 23
countries across North America and Asia also
issued valsartan recalls, and on 13 July 2018,
the Food and Drug Administration issued a
delayed recall compared with other coun-
tries.””

Recalls intend to protect the public from
potentially harmful drug products. However,

BM)

Choi Y, et al. BMJ Open 2023;13:€068233. doi:10.1136/bmjopen-2022-068233 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-5075-3604
http://orcid.org/0000-0003-1911-6129
http://dx.doi.org/10.1136/bmjopen-2022-068233
http://dx.doi.org/10.1136/bmjopen-2022-068233
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2022-068233&domain=pdf&date_stamp=2023-01-27

despite its intentions, any disruption in drug manufac-
turing can lead to global drug shortages with detrimental
effects on patient health outcomes and healthcare
costs.”™ Evaluating the global impact of the valsartan
recall is essential to understanding the varying effects of
drug shortages on international healthcare systems and
economies and provides a case example of the effects of
disruption in drug access.” However, assessment of world-
wide effects in response to the recall has been limited
with previous studies focusing on the changes in valsartan
use at the national or regional level.'”* This study aims
to investigate the effects of the July 2018 valsartan recall
and subsequent shortage on global utilisation trends
of valsartan, ARBs and angiotensin-converting enzyme
inhibitors (ACEIs) across 83 countries overall, and based
on their economic development status.

METHODS

Study design and data source

An interrupted time-series analysis of global antihyperten-
sive medication use between January 2017 and July 2020
was conducted. Monthly purchasing data of valsartan,
ARBs excluding valsartan and ACEIs in 65 countries and
2 regional groups (Central America (n=6 countries) and
French West Africa (n=12 countries)) between July 2014
and September 2020 were obtained from IQVIA MIDAS
(Multinational Integrated Data Analysis System) (online

supplemental appendix A table Al)."”” Venezuela was
excluded from analysis due to hyperinflation. Purchasing
data are expressed in standardised units (SU), which
represents a single tablet/capsule for all antihyperten-
sive medications being studied.'*” IQVIA-MIDAS covers
89.5% of all community-based and hospital-based phar-
macy purchases of registered products.'™® Further
database validation is included in online supplemental
appendix B.

All available purchases of ARBs and ACElIs, including
brands and generics, were extracted. MIDAS dataset
organises medicines based on the Anatomic Therapeutic
Chemical (ATC) classification system by WHO and iden-
tifies drugs based on their 3rd level ATC classification
codes."” Only antihypertensives only single-entity ARBs
and ACEIs are included to minimise differences between
countries and various products that may not be consistent
across global markets. IQVIA-MIDAS supplies aggregated
data and contains no patient-level or facility-level infor-
mation. Hence, this study did not require review by the
institutional ethics board.

Data analysis

Monthly purchases of antihypertensives (valsartan, ARBs,
ACEIs) were analysed in a global context and by economic
development level. Total global purchases were calcu-
lated using data from 83 countries. Countries were then
stratified based on the 2019 United Nations Conference
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Global trends in monthly purchases of valsartan, non-valsartan ARBs and ACEls between Jan 2017 and July 2020 in

83 countries. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker.
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on Trade and Development’s classification of economic
development status.”” ** Sixty-five countries were classi-
fied into two groups: ‘developed economies’ (n=32) and
‘developing economies’ (n=33), which included econo-
mies in transition. Regional groups were excluded from
economic analysis since they included multiple countries
of different economic levels. Changes in valsartan, ARB
and ACE inhibitor purchases were measured between
July and August 2018, globally and by economic level, to
determine changes in utilisation immediately after the
recall. Country-level differences in valsartan purchases
were quantified as percentage changes comparing pre-
recall to postrecall periods for each country. Total
monthly valsartan purchases over 1-month, 3-month and
6-month periods from July 2018 were compared with
the same periods in 2017. Quarterly and biannual totals
were compared on a year-over-year basis to account for
seasonal fluctuations.

Statistical analyses

Interventional-autoregressive integrated moving average
(ARIMA) modelling was used to evaluate the statistical
significance of the valsartan recall on global trends in
antihypertensive use. ARIMA models assess time-series
trends while accounting for seasonality and autocorrela-
tion, which are common in drug utilisation.*' ™ Station-
arity of the data was judged through multiple methods:
the augmented Dickey-Fuller test, analysis of the auto-
correlation function (ACF) and partial ACF plots, and
optimisation of the SD of the series. In the case of non-
stationarity, first-differencing was applied to the series to

-e-All Countries
5000

-e-Developed Countries

achieve stationarity. A step intervention function was used
to analyse immediate changes in valsartan sale trends due
to the recall.** We expected a delayed impact of the recall
on ARB and ACEI purchases, therefore a ramp function
was used to fit these models. The appropriate order of
autoregressive and/or moving average terms to incorpo-
rate in the model was derived from the ACF and partial
ACF plots of the differenced series. Model-fit was deter-
mined using the Ljung-Box test for white noise in order
to analyse the residuals, and comparison of information
criteria such as the Akaike Information Criterion.” P
values less than 0.05 were considered statistically signifi-
cant. All analyses were performed on SAS V.9.4.

Patient and public involvement
None.

RESULTS

Global trends

Valsartan

Across the study period (January 2017 to July 2020),
global purchases of valsartan decreased by 15.7% from
390657161 SU to 329490646 SU (difference=—61 166
515) (figure 1). Overall consumption sharply declined
in developed economies (-30.0%) from 223587043
SU to 156567837 SU (difference=-67 019 206), while
developing economies showed an increase (+3.5%) from
166580668 SU to 172375551 SU (difference=+5 794 883)
(figure 2). The changes in monthly purchases were statis-
tically significant globally (p<0.0001) and by economic
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Figure 2 Global trends in monthly purchases of valsartan between January 2017 and July 2020 in 83 countries and by
economic development status (developed: 32 countries; developing: 33 countries).
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Table 1 Changes in antihypertensive purchases between January 2017 and July 2020

Drugs/drug classes January 2017-July 2020 (%) P value July 2018-August 2018 (%)
Valsartan -15.7 <0.0001 -17.9
Developed countries -30.0 <0.0001 -24.4
Developing countries +3.5 0.0079 -9.5
ARBs excluding valsartan* +44.8 0.8532 +12.2
Developed countries +37.6 0.1186 -3.5
Developing countries +50.8 0.5875 +24.3
ACE inhibitors* +1.6 0.1102 -2.7
Developed countries +3.3 0.0003 -3.3
Developing countries -0.7 0.4343 -1.8

*P value derived from ramp intervention function on time series.
TP value derived from step intervention function on time series.

ACE, angiotensin-converting enzyme; ARBs, angiotensin Il receptor blockers.

level (developed: p<0.0001, developing: p=0.0079)
(table 1). Monthly valsartan purchases decreased by
17.9% (=73 567 639 SU) globally from July to August
2018. Specifically, developed countries showed a decline
of 24.4% (-56 616 235 SU), whereas developing econo-
mies only observed a decrease of 9.5% (-16 868 364 SU).

Per cent changes of postrecall valsartan utilisation
compared with pre-recall utilisation based on economic
status, initially decreased in developed economies
and increased in developing economies. 1-month and
3-month per cent changes in valsartan purchases were
-1.2% and -9.3% for developed economies, but 25.0%
and 7.3% for developing economies. Though developed
economies previously showed greater pre-recall valsartan
purchases over their developing counterparts, their
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valsartan use progressively diminished, eventually falling
below developing economies by December 2018. There-
fore, a clear shift in patterns of use between developed
and developing economies is evident.

Non-valsartan ARBs

Overall utilisation trends of non-valsartan ARBs were
similar globally and by economic level. A 44.8% (+957 069
420SU) increase in global ARB purchases was observed,
where developed economies experienced an increase of
37.6% (+365 442 234SU) and developing economies of
50.8% (+588972714SU) (figure 3).In August 2018, global
ARB purchases increased by 12.2% (+322 018 679SU),
and accordingly developing economies observed a 24.3%
(+361 605 323SU) increase, while developed economies
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Figure 4 Global trends in monthly purchases of ACE inhibitors in January 2017 to July 2020 in 83 countries and by economic
development status (developed: 32 countries; developing: 33 countries). ACE, angiotensin-converting enzyme.

showed a 3.5% (-39 589 891 SU) decrease. Throughout
the study period, developing economies showed greater
changes in ARB purchases than developed economies,
as opposed to valsartan and ACEI purchases. In March
2020, all ARB purchases amplified with a 44.8% (+673
060 174SU) global surge compared with February 2020
(developed: 33.5% (+402 562 483 SU), developing: 16.3%
(+268 581 702SU)). However, there was no significant
impact on ARB use in response to the valsartan recall
(table 1).

Angiotensin-converting enzyme inhibitors

ACEI consumption did not change substantially after
the valsartan recall (figure 4). Global ACEI purchases
increased by 1.6% (+44 106 747SU) (developed: 3.3% (+52
199 501 SU), developing: -0.7% (-8 685 338 SU)) across
the study period. Monthly ACEI purchases decreased by
2.7% (-77 063 592 SU) in August 2018. Utilisation trends
in ACEI were statistically significant for developed econo-
mies (p=0.0003), but not globally (p=0.1102) or for devel-
oping economies (p=0.4343) (table 1). ACEI purchases
also increased in March 2020 (global: 36.4% (+996 274
287SU), developed: 37.5% (+583 516 420SU), devel-
oping: 35.0% (+410 212 368SU)).

Trends in valsartan sales by country

In July 2018, 20 out of 32 (62.5%) developed economies
had reductions in 1 month (July-Aug) valsartan purchases
relative to July 2017 (figure 5A). The largest decreases were
observed in Czech Republic (-74.5%), Austria (-72.9%)
and Norway (-52.2%) (online supplemental appendix
A table A2). The countries with developed economies

with the greatest increases in purchases were Finland
(169.1%), Ireland (75.2%) and Estonia (41.1%) (online
supplemental appendix A table A3). Of the 12 developed
economies that experienced increased 1-month per cent
change, 9 countries had sustained growths of valsartan
purchases indicated by 6-month per cent changes. In July
2018, 23 out of 33 (70%) countries with developing econ-
omies showed increased l-month valsartan purchases
(figure 5B). The largest increases were in Kazakhstan
(487.3%), Thailand (99.4%) and South Korea (85.7%),
and the greatest reductions were in Peru (-89.9%), Paki-
stan (-61.1%) and Puerto Rico (-45.4%).

For developed economies, the 3-month and 6-month
per cent changes showed gradually declining trends
(figure bA) (online supplemental appendix A table A2).
For developing economies, increased purchases were
observed in 21 countries for the 3-month period and
18 countries for the 6-month period (online supple-
mental appendix A table A3). On average, the I-month
per cent change was —1.2% in developed economies but
+25.04% for developing economies (online supplemental
appendix C figure CI). The 3-month and the 6-month
changes in total valsartan purchases in developed econo-
mies were —9.3% and -12.2%, respectively, and +7.3% and
-1.2%, respectively, in developing economies (online
supplemental appendix C figures C2 and C3).

DISCUSSION
Global valsartan utilisation significantly dropped after
the valsartan recall, and results revealed divergence in
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valsartan purchasing across economic levels. Importantly,
developed economies exhibited a significant decrease
in valsartan use after the global recall, while developing
economies showed slightly increased valsartan use. The

reduction in global valsartan purchases demonstrates
the farreaching global impacts due to the globalisation
of drug supply chains and in turn their increased vulner-
ability to disruptions. Moreover, the opposing trends in
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valsartan utilisation by economic level indicate the dispro-
portionate burden of drug shortages on developing econ-
omies as well as the potential for contaminated drugs
from developed economies being discarded in devel-
oping economies. Inequality in drug utilisation across
economies may be inevitable during shortages, leaving
developing economies to face the brunt of this burden
(online supplemental appendix D).

This study highlights the global implications of multi-
national drug manufacturing processes that previous
studies have attributed to globalisation.”” The valsartan
recall triggered declining trends in valsartan purchases
globally and in developed economies, with increased
usage of non-valsartan ARB. Gradual recalls as health
authorities updated the affected lots and as other manu-
facturers in China and India detected similar impurities
in late 2018, may also account for the lack of recupera-
tion in valsartan use.?*?” With globalisation of drug manu-
facturing favouring outsourcing to developing countries
with cheaper costs and higher production efficiency,
China accounts for 40% of global active pharmaceutical
ingredient manufacturing and plays a leading role as the
sole-source for many medications.* Yet, this high concen-
tration exacerbates the risks of supply chain disturbances
and drug shortages.*" Although many studies have
discussed issues stemming from global manufacturing
and drug shortages, little is understood about the causes
to the complexity and opaqueness of global supply
chains.®?#***% The increase in uncertainty behind short-
ages is concerning—for example, the causes behind USA
drug shortages in 2020 were 51% unknown,” suggesting
the lack of transparency in the pharmaceutical industry.

Trends in valsartan purchases were dissimilar across
economies, demonstrating the gaps in access to medicine
and use. Differences can be due to variations in country-
level response to drug recalls and shortages, which is
strongly linked to economic development.”*** The mild
decrease in developed economies can be attributed to
their greater stability and resilience of drug supply chains.
Developing economies experienced a 25.0% increase in
valsartan use, whereas developed economies showed a
1.22% decrease over 1 month after the recall. The larger
increasing trend for non-valsartan ARBs in developing
economies is concerning, since generic irbesartan and
losartan were also recalled globally in 2018 and 2019.%°%’
The drastic increase in developing economies may alarm-
ingly suggest the use of potentially contaminated drugs
that were discarded by countries with developed econo-
mies. Developing economies often use inexpensive drugs
when pressures of cost and unavailability of medicines are
high. Substandard and falsified medications account for
25% of medicine consumed in low/middle-income coun-
tries, explaining the increase in valsartan use in devel-
oping economies.”

The causes of drug shortages are multifactorial'® and
require considerations of economic level, healthcare
system management and generic market share of each
country.” Reasons may include differences in medicine

procurement (regional vs fragmented), national pharma-
ceutical market, domestic manufacturing and legislation
for pharmaceutical industries. While recalls and shortages
pervade globally, discrepancies in national regulatory
policies and actions can widen the gap among countries.
Efforts by regulatory agencies to protect drug supply
chains are especially important, as pharmaceutical regu-
lations vary across countries. As implementation depends
on national authorities,” ineffective regulations and
weak enforcement capacities in one nation may corrupt
the global supply chain.” Irrespective of the cause, drug
shortages result in global impacts with acute and chronic
consequences.

Global impacts of the valsartan shortage highlight the
urgent need for a coordinated system that ensures drug
access for all patients. Although extensive measures for
drug shortage mitigation are placed in the USA and Euro-
pean countries, they are scarce in developing economies,
thus preventing a complete understanding of the under-
lying mechanisms of ongoing shortages. Even more, with
the pharmaceutical industry and political power deeply
entangled, achieving equitable global access to medi-
cations 1s complex.38 Therefore, research to identify
the priorities of international stakeholders and unpre-
dictable risks within the multinational stages of supply
chains is critical to preventing disruptions. Harmonised
action and communication with cross-national collabo-
ration for a globalised response has been recommended
by numerous organisations and studies to prevent drug
shortages.” ** % With in-depth knowledge and specific
mitigation strategies, we will be able to navigate the
unpredictability of current global drug supply chains
and respond to their disruptions. Moreover, ARBs have
been associated with increased cancer risk even prior
to the 2018 NMDA contamination. Several other ARBs
including irbesartan and losartan have also been recalled
due to carcinogenic impurities."” *' However, the extent
of these recalls was not as broad as the valsartan recall
and therefore we focused on the valsartan recall and its
impact on utilisation of related ARBs for the purpose of
this study. Although, future research should further study
the relationship between cumulative exposure to ARBs
and cancer risk to better understand their implications
for patient drug use and safety.

Our study has several limitations that warrant discus-
sion. First, IQVIA-MIDAS data on low-income, devel-
oping economies, where inequality gaps in drug access
are greatest, are limited.” Second, this analysis did not
include valsartan combination products due to variability
across countries. Because combination products were a
part of the recall,” %7 this study underestimates the full
scope of the shortage in terms of total units. Another
limitation is the lack of prescription-level data, which
prevents assessment of patientlevel consumption and
discontinuation, patient-switching to alternatives and
pharmacy-level recalls.
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CONCLUSION

Drug shortages have grown as a global threat in frequency,
intensity and duration. Importantly, the major vulner-
ability of global supply chains to disruptions caused by
drug manufacturing and quality issues is highlighted by
steep, persistent decreases in global valsartan purchases.
The unequal impacts of drug recalls and subsequent
shortages across countries and especially economic levels
emphasise the need for multisector collaboration at both
national and international levels. Unified action with
shared goals to safeguard adequate supplies of medica-
tions for all populations is essential. Future research in
creating sustainability and resilience through various
modalities is necessary to prevent further burden on the
healthcare system.
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