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The deviations strongly correlate with the stringency of anti-pandemic government policies.
The findings suggest that the pandemic led to a substantially lower consumption of ADHD med-
ication in 2020. However, in 2021 the pandemic had an accelerating effect as the increasing

consumption trends are more pronounced than before the pandemic.
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1. Introduction

Attention deficit hyperactivity disorder (ADHD) is a com-
mon childhood neurodevelopmental disorder, characterised
by impairing levels of inattention and/or hyperactivity-
impulsivity (American Psychiatric Association, 2013). Up
to 65% of individuals diagnosed in childhood continue to
demonstrate ADHD symptoms in adulthood (Faraone et al.,
2006). The worldwide prevalence is estimated as 5-
7% in children and adolescents (Polanczyk et al., 2014;
Thomas et al., 2015), and approximately 2.5% in adults
(Simon et al., 2009; Song et al., 2021). Although epidemio-
logical studies suggests that the prevalence of ADHD is sim-
ilar between different countries (Polanczyk et al., 2014),
there is significant variation in the rate of diagnosis depend-
ing on the geographical location (Polanczyk et al., 2007;
Raman et al., 2018). No single risk factor is necessary or
sufficient to cause ADHD. In most cases ADHD arises from
several genetic and environmental risk factors that each
have a small individual effect and act together to increase
susceptibility. The multifactorial causation of ADHD is con-
sistent with the heterogeneity of the disorder, which is
shown by its extensive psychiatric co-morbidity, its mul-
tiple domains of neurocognitive impairment and the wide
range of structural and functional brain anomalies associ-
ated with it (Faraone et al., 2015; Mortimer et al., 2020;
Pujol-Gualdo et al., 2021). ADHD is frequently comorbid
with other mental health disorders including anxiety and
substance abuse (Jensen and Steinhausen, 2015; Wilens and
Spencer, 2010), and associated with impairments of social,
academic and occupational functioning (American Psychi-
atric Association, 2013; Shaw et al., 2012). ADHD sever-
ity is a risk factor for nicotine use as well as for gaming
(Schoenmacker et al., 2020).

ADHD treatment recommendations vary across coun-
tries, but usually include behavior therapy and medication
(Faraone et al., 2021). Most international guidelines recom-
mend a stepwise approach to manage ADHD in school-aged
children, beginning with psychoeducation and behavioural
interventions including parent training, then moving on
to pharmacological intervention (NICE, 2019; Thapar and
Cooper, 2016). In preschool-aged children, the first-line
treatment is behavioural therapy alone (NICE, 2019). Avail-
able guidelines for ADHD treatment in adulthood recom-
mend pharmacological treatment as the first-line ther-
apy (Bolea-Alamanac et al., 2014; Kooij et al., 2019;
NICE, 2019). Stimulants (methylphenidate, lisdexamfe-
tamine or dexamfetamine) are the most frequently pre-
scribed medications, followed by non-stimulants (atomoxe-
tine or extended release formulations of guanfacine, cloni-
dine and viloxazine) as second-line pharmaceutical treat-
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ment in children and adolescents (Bolea-Alamanac et al.,
2014; Kooij et al., 2019; Pliszka et al., 2007; Thapar and
Cooper, 2016; Wolraich et al., 2019). Despite largely sim-
ilar management guidelines, ADHD medication use dif-
fers greatly across countries (Bachmann et al., 2017;
Hinshaw et al., 2011; Setyawan et al., 2018). However, in-
creasing recognition of ADHD as well as increasing medica-
tion use have been observed during the last decades across
all age groups in numerous countries (Bachmann et al.,
2017; Burcu et al., 2016; Karlstad et al., 2016; Man et al.,
2017; Raman et al., 2018;), which gave rise to concerns
about inappropriate prescription of ADHD medications, es-
pecially in children (Zito and Burcu, 2017), and potential
overdiagnosis.

In December 2019, the novel coronavirus was first iden-
tified from an outbreak in China. Within several weeks,
it spread worldwide and caused the World Health Organi-
zation (WHO) to declare it as a pandemic in March 2020
(WHO, 2020a). Preventive measures to slow the spread
of the disease have been implemented nearly worldwide.
Besides vaccinations, containment measures included face
masks, good respiratory hygiene, quarantines and social dis-
tancing (ECDC, 2022). As vaccinations were not available
before December 2020, non-pharmaceutical measures were
essential to slow down the infection rate (Anderson et al.,
2020). The near-global governmental social distancing rec-
ommendations and regulations such as staying at home
and keeping distance from others (WHO, 2020b), led to
lockdowns, business restrictions and school closures. These
interventions caused not only a large global recession
(IMF, 2022), but also impacted mental health by increas-
ing anxiety, depression and post-traumatic stress disorder
symptoms (Luo et al., 2020; Santomauro et al., 2021). Chil-
dren, adolescents and students were particularly vulnera-
ble for the negative effects due to risk factors such as fa-
milial conflicts, decreased physical activity and loneliness
(Manchia et al., 2022). Recent studies suggest a negative
impact of the pandemic and containment measures on in-
dividuals with ADHD in form of worsened ADHD symptoms
(Behrmann et al., 2022; Sciberras et al., 2022; Shah et al.,
2021). To our knowledge, no studies to date have investi-
gated global and country-level patterns of ADHD medication
use since the COVID-19 pandemic outbreak. The relation be-
tween psychotropic drugs and COVID-19 is complex; while
the antidepressant Fluvoxamine reduces the risk of mortal-
ity for COVID-19, antipsychotics are associated with an in-
creased risk of severe COVID-19 and mortality (Fico et al.,
2022). However, the meta-analysis did not consider the
effect of central nervous system (CNS) stimulants on
COVID-19.
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This study analysed the ADHD medication use in 47 coun-
tries and regions from 2014 to 2021. We set out to capture
any changes in ADHD medication consumption in 2020 and
2021 due to the pandemic mitigation measures. We also
identified countries with the highest and lowest losses in
the ADHD market compared to the predicted sales in 2020
and 2021 under usual, non-pandemic conditions.

2. Experimental procedures

2.1. Data sources

We used quarterly data obtained from IQVIA Multinational Inte-
grated Data Analysis System (IQVIA MIDAS®). IQVIA MIDAS data
combine country-level data, healthcare expertise and therapeutic
knowledge in 90+ countries to deliver data in globally standard-
ized forms to facilitate multi-country analyses, a leading source of
insight into international market dynamics relating to the distribu-
tion and use of medicines.

The database includes the sales of generic and brand products
and does not contain individual-level data. Thus, institutional re-
view board approval was not required. This study is based on sales
volume data of ADHD medications from Quarter 1, 2014 to Quarter
4, 2021 of 45 countries and regions (Table 2) including information
about the number of sold standard units, the strength, the active
substances and the sales value of each drug. Data of one further
country and one further region (Canada and Hong Kong) are avail-
able from Quarter 4, 2016 to Quarter 4, 2021.

Population estimates of each country and region were obtained
from the UN World Population Prospects 2019 report (UN, 2019).
The daily stringency index for each country (Ritchie et al., 2020)
is a composite measure of government’s responses to the COVID-19
pandemic published by the Oxford COVID-19 Government Response
Tracker (University of Oxford). It is based on nine response indica-
tors including school closures, workplace closures, and travel bans,
rescaled to a value from 0 to 100 (100 = strictest). Definitions of
the defined daily dose (DDD), which is the assumed average mainte-
nance dose per day for a drug used for its main indication in adults
(WHO, 2022) were obtained by the WHO for each substance.

2.2. Data analysis

First, we calculated the DDD per 1000 inhabitants per day, the sold
standard units (one tablet or capsule for oral solid forms, one tea-
spoon (5 ml) for syrup forms, one ampoule or vial for injectable
forms) per person as well as the total sales value in Euro per year
using the country-level sales volume data. The measure ‘DDD per
1000 inhabitants per day’ was calculated as following:

DDD per 1000 inhabitants per day = sum(1000 * ((standard.units
* strength)/DDD)/population)/#days,

where standard.units are the number of sold standard units of each
medication, strength is the dose of its active substance, DDD is the
defined daily dose depending on the substance, population is the
population estimate of the country at the time of sales and #days
is the number of days in the time period. This measure is useful as
it is standardized not only by time but also by population size. In
contrast, the sum of sold standard units per person in a time period
only takes the population size into account, while the total sales
value simply accumulates the sales values of all sold medications in
a time period.

We analysed the global and national ADHD medicine consump-
tion trends in the pre-pandemic period (2014 to 2019) and dur-
ing the pandemic (2020 to 2021) by calculating absolute and per-
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centage changes. Additionally, time trend coefficients were esti-
mated by linear regression models using consumption data in DDD
per 1000 inhabitants per day up to 2019 including an intercept and
time of sales as regressors. To quantify the impact of the COVID-
19 pandemic, we forecasted the sales volume of the years 2020
and 2021 based on the national consumption trends until 2019.
The impact was assessed by fitting a SARIMA model (Brockwell and
Davis, 2016) and comparing its predictions to the actual sales vol-
ume in all three measures (DDD per 1000 inhabitants, standard units
per person and sales value in Euro). As the US market accounts
for a huge share of the entire ADHD medication market, we not
only calculated the difference globally in DDD per 1000 inhabitants
per day, which basically corresponds to an average weighted by
the countries’ population size, but also unweighted means of the
relative differences per country as measure of the country-level
loss. This reflects much better the worldwide picture. Winsorised
averages were used to avoid strong distortions by outliers. Coun-
tries with very high and very low losses during the pandemic period
were identified. Further, we examined the association between the
COVID-19 stringency index and the difference of the actual and the
predicted medication use under non-pandemic conditions by cal-
culating Spearman’s correlation coefficient as it is more robust to
outliers than Pearson. Last, substance-specific analyses were done.
Some of the substances included in the data set are also approved
for other medications than ADHD treatment. However, in this study
only sales data of medications specifically indicated for the treat-
ment of ADHD (ATC class NO6B) were evaluated. We used R (R Core
Team, 2022), version 4.1.3, for data analysis.

3. Results
3.1. Consumption of ADHD medicines in 47
countries and regions before COVID19 pandemic

In the pre-pandemic period, we found a significant steady
increase (p < 0.001) in the global annual consumption of
ADHD medicines (Table 1). The rise of consumed DDD per
1000 inhabitants per day from 3.08 in 2014 to 3.67 in 2019
corresponds to a relative change of 19.0% and a relative
average increase of 3.09% annually. From 2019 to 2020
the consumption level nearly stagnated with a percentage
growth of only 0.69%. However, from 2020 to 2021 we found
a relative increase by 7.47% far above average. See Table S5
in the Supplement for global annual trends of the consump-
tion in standard units and sales value.

Considerable national variation was evident in the con-
sumption of ADHD medicines during the pre-pandemic study
period, ranging from 0.004 DDD per 1000 inhabitants per
day in Colombia to 30.54 DDD per 1000 inhabitants per day
in the US in 2019 (Fig. 1). Generally, the highest levels of
ADHD medication use were recorded in North American
countries (Canada: 18.1 DDD per 1000 inhabitants per day),
in Scandinavia (Sweden: 16.8, Norway: 13.3, Denmark: 12.4
DDD per 1000 inhabitants per day), the Netherlands (8.8
DDD per 1000 inhabitants per day) and Australia (8.7 DDD
per 1000 inhabitants per day). In 26 countries, mainly from
Asia, East Europe and South America, the ADHD medication
consumption level was very low (< 1 in DDD per 1000 inhab-
itants per day). The lowest usage levels besides Colombia
were recorded in Bulgaria and the Philippines (both 0.009
DDD per 1000 inhabitants per day), Indonesia (0.013 DDD
per 1000 inhabitants per day), China (0.016 DDD per 1000
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Table 1  Global annual ADHD medicine consumption and percentage change in 47 countries and regions, 2014-21. DDD = defined
daily dose. Source: IQVIA MIDAS Quarterly Sales data Q1 2014-Q4 2021.

2014 2015 2016 2017 2018 2019 2020 2021

Consumption in DDD per 1000 inhabitants per day  3.08 3.27 3.34 3.52 3.57 3.67 3.69 3.97
Relative change 6.17%  2.08% 5.30% 1.57%  2.65% 0.69%  7.47%

DDD per day per 1000 inhabitants [Jj 20 [l 10-20 510 1-5 0-1

Fig. 1 Consumption of ADHD medicines in 47 countries and regions, 2019. White area = no data available. DDD = defined daily
dose. Source: IQVIA MIDAS Quarterly Sales data Q1 2014-Q4 2021.

inhabitants per day) and Malaysia (0.019 DDD per 1000 embourg, Netherlands, Poland, Portugal, Slovenia, South
inhabitants per day). Africa, Spain, Switzerland, Turkey) as well as in Australia

However, the trends in ADHD medicine consumption were and Argentina, where the drop in sales is observable in
comparable across most countries. An increase in ADHD Quarter 1.
medication use was found for all countries except Luxem-
bourg, Romania and Colombia with average relative annual
decreases of 3.22%, 2.61% resp. 11.1% in DDD per 1000 in-
habitants per day from 2014 to 2019 (Table S1). The high-
est absolute changes from 2014 to 2019 in DDD per 1000
inhabitants per day were seen in the Scandinavian coun-
tries (Sweden +6.20, Norway +4.90, Denmark +4.2, Fin-
land +3.2) as well as Australia (+3.7). The highest annual
relative increase in DDD per 1000 inhabitants per day was
recorded in Jordan with 67.27%, Lithuania with 58.01% and
Latvia with 48.78%. Time trend estimates by linear regres-
sion models using quarterly data up to 2019 were signifi-
cant at the 5% level in all countries and regions with ex-
ception of Argentina, Korea, Portugal, Romania and Spain.
The time trend coefficients were estimated positive in
all countries except Colombia, Luxembourg, Romania and
Slovakia.

Besides similar time trends, the same seasonal pattern
was observable in many countries and regions. Due to
drug holidays which are mainly during the summer holiday
season, medication use often drops in Quarter 3 (see Fig. S1
in the Supplement). This pattern was seen in 20 coun-
tries (Austria, Belgium, Canada, Czech Republic, Estonia,
France, Germany, Greece, Hungary, Ireland, Italy, Lux-

3.2. Substance-specific analyses

Ten different active substances in the ADHD medication
were recorded in the considered 47 countries and regions:
amfetamine, armodafinil, atomoxetine, dexamfetamine,
dexmethylphenidate,  guanfacine, lisdexamfetamine,
methamphetamine, methylphenidate and modafinil. Over-
all, the most common substances were amfetamine,
methylphenidate and lisdexamfetamine (Figs. 2, S2, and
Table S2 in the Supplement), which together account for
approximately 90% of the total ADHD medication use. While
amfetamine and methylphenidate have particularly high
usage levels in the US, methylphenidate is clearly the most
common in other countries and regions. The usage levels
of the remaining eight substances were substantially lower.
The share of each substance on the global consumption
of ADHD medicine remained quite steady over the study
period. Only lisdexamfetamine seems to have a slight
increasing trend while methylphenidate’s share seems to
slightly decrease.

Analogous to the global upward trend of ADHD medicine
consumption, most substances also show increasing usage
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Fig. 2 Quarterly global consumption of ADHD medicine by sub-
stance, 2014-2021. DDD = defined daily dose. Source: IQVIA MI-
DAS Quarterly Sales data Q1 2014-Q4 2021.

levels (Fig. 2). We observed an increase in consumed DDD
per 1000 inhabitants per day for seven of the ten sub-
stances, while declines were recorded for armodafinil, dex-
amfetamine and methamphetamine. Changes over time
were significant (p < 0.001) for all substances except
dexmethylphenidate (p = 0.37).

3.3. Consumption of ADHD medicines in 47
countries and regions during/after COVID19
pandemic

Starting in Quarter 2 of 2020, at the onset of the COVID-19
pandemic, almost all countries saw a plunge in the use of
ADHD medications of varying length and severity (Fig. 3).
In China, where the pandemic occurred a few months be-
fore it spread globally, we observed a sharp drop of sales in
the first quarter. The annual percentage increase in global
ADHD medication consumption was much smaller from 2019
to 2020 than in all previous years (Table 1). However, the
relative increases from 2020 to 2021 in turn were remark-
ably high. Similar observations were made at the country-
level in most countries and regions (Table S1). Comparing
the trends per substance (Fig. 2), we observed a slight
drop in the second quarter of 2020 as well, especially
for amfetamine, methylphenidate, lisdexamfetamine and
dexmethylphenidate.

To quantify the impact of the COVID-19 pandemic on
ADHD medication use, we calculated the difference be-
tween the actual sales in 2020-2021 and the predicted sales
under normal, non-pandemic conditions for each country.
Using the previous year sales volume of 2019 as refer-
ence values for the predicted sales in 2020 would not take
into account the largely significant national trends. There-
fore, a seasonal autoregressive integrated moving average
(SARIMA) model of order (1, 1, 1) x (1, 1, 1), was fitted using
the Maximume-Likelihood method for each country based on
their quarterly sales during 2014 Q1 to 2019 Q4. The model
estimates provided reliable forecasts for 2020 and 2021,
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projecting previous trends in the medication consumption
under the assumption of constant conditions, i.e., no emer-
gence of a worldwide pandemic and far-reaching mitigation
measures. Fig. 4 shows the actual quarterly sales (DDD per
1000 inhabitants per day) form 2014 to 2019, the SARIMA
forecast based on this data for 2020-2021, and the actual
sales in 2020 and 2021. The reliability of SARIMA forecasts as
a prediction method was shown using retrospective analyses
in the pre-pandemic period. When predicting similarly the
eight quarters of 2018 and 2019 by fitting a SARIMA model to
data from 2014 to 2017, we found high forecast accuracy for
all target values, likewise when predicting 2019 only based
on the respective past. For details see Table S3 and Fig. S3
in the Supplement.

To calculate the predicted ADHD medication use in 2020
and 2021 under the assumption of unchanged conditions, we
fitted a SARIMA model using the quarterly sales volume data
from 2014 to 2019 and predicted the following eight quar-
ters for each of the 47 countries and regions separately. The
resulting predicted ADHD medicine consumption in DDD per
1000 inhabitants per day as well as their absolute and rel-
ative difference to the actual consumption per country are
found in Table 2. In 2020, the first year of the pandemic, we
found lower actual consumption than predicted in 36 of the
47 countries and regions. The unweighted 95%-winsorised
mean yields an average relative loss of 6.2% per country.
Highest relative losses were recorded in Argentina (—32%),
Philippines (—31%) and Romania (—27%). The greatest ab-
solute losses were seen in Canada (—0.67 DDD per 1000 in-
habitants per day), Portugal (—0.48 DDD per 1000 inhab-
itants per day) and Norway (—0.46 DDD per 1000 inhab-
itants per day). Only few countries recorded significantly
greater consumption in 2020 than predicted: Netherlands
and Greece (both +5%), Taiwan (+7%), Malaysia (+13%),
Latvia (+24%) and Colombia (+109%). Colombia is a se-
vere outlier in several ways: Firstly, the consumption pat-
tern was steadily decreasing until 2019, in strong contrast
to the worldwide trend. Secondly, Colombia recorded the
lowest level of ADHD medicine consumption in our study.
Thus, this extremely high percentage difference has little
relevance. The largest absolute gains compared to the pre-
dicted consumption were found in the Netherlands (+0.47
DDD per 1000 inhabitants per day), Sweden (+0.42 DDD per
1000 inhabitants per day) and Australia (+0.2 DDD per 1000
inhabitants per day). Generally, we found stronger impact of
COVID-19 in form of greater relative deviations between ac-
tual and predicted ADHD medication use in countries with a
low consumption level. In regions with high usage levels like
North America, Scandinavia and Australia, the losses in 2020
were fairly low (Fig. 5). Globally, the annual ADHD medica-
tion use in 2020 was 3.69 DDD per 1000 inhabitants per day
and thus 0.13 lower than the prediction of 3.82, correspond-
ing to a relative loss of 3.31% in 2020.

In 2021, the inhibiting effect of the pandemic on the
ADHD medicine consumption ceased: The unweighted, win-
sorised mean yields a positive deviation of 1.60% per coun-
try compared to expectations. Only 17 of the 46 countries
and regions showed lower actual medication use than pre-
dicted, with the highest relative losses in Romania (—32%),
South Africa and the Philippines (both —25%) and highest
absolute losses in South Africa (—0.55 DDD per 1000 inhab-
itants per day), Belgium (—0.39 DDD per 1000 inhabitants
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Table 2 Actual and expected annual ADHD medicine consumption in 2020 and 2021, absolute and relative difference per country
in DDD per 1000 inhabitants per day.

2020 2021

Consumption Difference Consumption Difference

actual expected absolute relative actual expected absolute relative
Global 3.69 3.82 —0.13 —3.31% 3.97 3.95 0.02 0.37%
Argentina 0.13 0.19 —0.06 —31.95% 0.17 0.20 —0.03 —14.69%
Australia 10.23 10.03 0.20 1.99% 12.62 11.39 1.23 10.78%
Austria 1.06 1.10 —0.04 —3.59% 1.24 1.21 0.03 2.97%
Belgium 3.57 4.02 —0.45 —11.05% 3.93 4.32 —0.39 —8.99%
Brazil 0.87 1.01 —0.14 —13.68% 1.16 1.11 0.05 5.01%
Bulgaria 0.01 0.01 —0.00 —9.34% 0.01 0.01 0.00 0.79%
Canada 19.14 19.81 —0.67 —3.41% 21.45 21.20 0.25 1.17%
China 0.02 0.02 —0.00 —21.88% 0.03 0.03 0.00 2.77%
Colombia 0.01 0.00 0.01 108.51% 0.01 0.00 0.01 353.11%
Croatia 0.03 0.04 —0.01 —7.53% 0.05 0.04 0.01 3.62%
Czech Republic 0.79 0.88 —0.09 —10.67% 0.86 0.95 —0.09 —9.45%
Denmark 13.43 13.46 —0.03 —0.16% 15.53 14.73 0.80 5.42%
Estonia 1.00 0.97 0.03 2.47% 1.24 1.30 —0.06 —4.33%
Finland 6.69 6.60 0.09 1.41% 8.61 7.74 0.87 11.21%
France 0.85 0.90 —0.05 —6.34% 1.01 0.98 0.03 2.8%
Germany 3.25 3.31 —0.06 —1.69% 3.46 3.51 —0.05 —1.34%
Greece 0.13 0.12 0.01 5.12% 0.16 0.13 0.03 24.33%
Hong Kong 2.23 2.53 —0.30 —11.64% 2.67 2.74 —0.07 —2.55%
Hungary 0.21 0.22 —0.01 —7.98% 0.25 0.25 —0.00 —0.16%
Indonesia 0.01 0.01 —0.00 —12.88% 0.01 0.01 0.00 4.76%
Ireland 1.81 1.83 —0.02 —0.58% 2.10 2.02 0.08 4.08%
Italy 0.07 0.09 —0.02 —14.88% 0.09 0.10 —0.01 —10.18%
Japan 1.69 1.74 —0.05 —2.61% 1.94 1.93 0.01 0.47%
Jordan 0.03 0.03 —0.00 —10.7% 0.04 0.04 0.01 18.13%
Korea 1.04 1.06 —0.02 —2.17% 1.31 1.15 0.16 14.49%
Latvia 0.16 0.13 0.03 24.16% 0.16 0.14 0.02 14.47%
Lithuania 0.10 0.10 —0.00 —6.34% 0.12 0.12 0.00 5.96%
Luxembourg 2.17 2.26 —0.11 —4.28% 2.32 2.19 0.13 5.83%
Malaysia 0.02 0.02 0.00 12.61% 0.03 0.02 0.01 36.27%
Mexico 0.41 0.44 —0.03 —6.35% 0.39 0.42 —0.03 —6.45%
Netherlands 9.73 9.26 0.47 5.04% 11.40 9.71 1.69 17.35%
Norway 14.38 14.84 —0.46 —3.09% 17.05 16.72 0.33 1.96%
Philippines 0.01 0.01 —0.00 —31.43% 0.01 0.01 —0.00 —24.98%
Poland 0.32 0.35 —0.03 —8.28% 0.41 0.38 0.03 8.4%
Portugal 2.30 2.77 —0.47 —17.27% 2.73 2.93 —0.20 —6.9%
Romania 0.13 0.18 —0.05 —27.17% 0.14 0.20 —0.06 —31.83%
Singapore 0.50 0.50 —0.00 —0.73% 0.52 0.53 —0.01 —1.95%
Slovakia 0.18 0.20 —0.02 —10.24% 0.18 0.21 —0.03 —14.09%
Slovenia 0.53 0.61 —0.08 —13.26% 0.62 0.64 —0.02 —3.13%
South Africa 1.59 2.03 —0.44 —21.87% 1.60 2.14 —0.54 —25.49%
Spain 3.26 3.47 —0.21 —6.12% 3.66 3.63 0.03 0.87%
Sweden 18.53 18.12 0.41 2.30% 20.17 19.38 0.80 4.12%
Switzerland 6.17 6.11 0.06 1.06% 7.01 6.37 0.64 10.11%
Taiwan 1.29 1.20 0.09 6.85% 1.45 1.28 0.17 13.31%
Turkey 1.12 1.36 —0.24 —17.68% 1.23 1.46 —0.23 —15.84%
UK 2.83 2.92 —0.09 —2.83% 3.23 3.11 0.12 3.76%
us 30.52 31.34 —0.82 —2.64% 32.09 31.99 0.10 0.33%
@ (winsorized) —6.20% 1.60%

DDD = defined daily dose. Source: IQVIA MIDAS Quarterly Sales data Q1 2014-Q4 2021.
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Fig. 4 Predicted and actual global quarterly consumption of
ADHD medication. DDD = defined daily dose. Source: IQVIA MI-
DAS Quarterly Sales data Q1 2014-Q4 2021.

per day) and Turkey (—0.23 DDD per 1000 inhabitants per
day). In most countries, actual ADHD medicine consump-
tion in 2021 exceeded predicted consumption. The greatest
relative positive deviations were found in Malaysia (36%),
Greece (24%) and Jordan (18%), the greatest absolute ex-
cesses in the Netherlands (+1.68 DDD per 1000 inhabitants
per day), Australia (+1.23 DDD per 1000 inhabitants per day)
and Finland (+0.87 DDD per 1000 inhabitants per day). The
again extreme percentage difference in Colombia (+353%)
can be considered as outlier for the above reasons. Globally,
the actual ADHD medication consumption of 3.97 DDD per
1000 inhabitants per day exceeds the forecasted consump-
tion by 0.02 DDD per 1000 inhabitants per day correspond-
ing to a percentage difference of about 0.37%. Averaging
the winsorised relative differences across all countries per
quarter (Fig. 6) revealed that consumption started to drop
in Quarter 2 of 2020, where the loss is also the greatest with
approximately 18% on average. In the following three quar-
ters the average loss becomes smaller until the second quar-
ter of 2021, where the actual consumption starts to exceed
the predictions. In Quarter 4 of 2021 the actual medication
use was on average 8.5% greater than predicted.

3.4. Correlation between the median stringency
index and ADHD medicine consumption

We found negative associations between the median strin-
gency index and the relative difference between the actual
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and the predicted sales volume of each country. We calcu-
lated Spearman’s correlation coefficient per year and over-
all and tested for significance (Table S4 in the Supplement).
This yielded a significant overall correlation estimate of
—0.34 (p < 0.001). In 2020 the association is particularly
strong achieving a correlation of —0.51 (p < 0.001), in 2021
it reduced to —0.22 (p = 0.003). Fig. 7 illustrates the nega-
tive correlation in Quarter 1 and 2 of 2020: the greater the
stringency index, i.e., the stricter the anti-pandemic regu-
lations, the greater the relative decrease in ADHD medica-
tion use compared to the forecasts. We found particularly
strong correlation between the mean quarterly school clo-
sure index and the ADHD medicine use with an overall esti-
mate of —0.39 (p < 0.001). In 2020, the Spearman correla-
tion coefficient is even —0.55 (p < 0.001), in 2021 it reduces
to —0.25 (p < 0.001).

4. Discussion

This study reports ADHD medication sales volumes for 47
countries and regions. We compared global trends and
noted a mean annual consumption increase of 3.09% in
DDD per 1000 inhabitants per day in the pre-pandemic pe-
riod from 2014 to 2019. Consumption declines were only
recorded in three countries. The comparable trends across
most countries are similar to previously published research
(Bachmann et al., 2017; Man et al., 2017). The observation
of strong variation in the prevalence of ADHD medication
use with markedly higher usage levels in North America and
North European countries is in line with previous studies
(Bachmann et al., 2017; Raman et al., 2018). Consistent
with treatment guidelines, the most common substances
were amfetamine, methylphenidate and lisdexamfetamine.

In the second quarter of 2020, when measures aimed at
preventing the spread of the Coronavirus were taken, we
observed a drop in medication consumption in most coun-
tries disrupting the previous trends. In 2020, 36 of the 47
countries and regions recorded lower consumption in DDD
per 1000 inhabitants per day than predicted. On average,
consumption was 6.20% below the predictions at country-
level with particularly high losses in the second quarter. In
2021, the impact of the pandemic seems to be largely di-
minished. Only seventeen countries recorded fewer actual
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2020
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Fig. 5 Percentage difference of actual and predicted ADHD medication consumption in 47 countries and regions in DDD per 1000
inhabitants per day in 2020 and 2021. Gray area = no data available. DDD = defined daily dose. Source: IQVIA MIDAS Quarterly Sales

data Q1 2014-Q4 2021.

sales than predicted. On average, ADHD medication con-
sumption exceeded expectations by 1.60% per country. The
positive deviations from the predictions were highest in the
fourth quarter of 2021. Generally, the impact of the pan-
demic was higher in regions with a low consumption level.
In North American and Scandinavian countries, which have
the highest levels of ADHD medication usage, the losses in
2020 were fairly low. Globally, the actual annual consump-
tion of 3.69 DDD per 1000 inhabitants per day was 0.13 be-
low the prediction, corresponding to a relative loss of 3.31%
in 2020. In 2021, the actual annual consumption of 3.97
DDD per 1000 inhabitants per day exceeds the forecast by
0.37%.

The losses during the studied pandemic period strongly
negatively correlated with the stringency index, especially
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in 2020, indicating that greater preventive measures led
to lower consumption of medications for ADHD. This might
be for several reasons: firstly, mitigation measures included
stay at home recommendations leading to fewer health care
visits and thus to fewer prescriptions. Additionally, a de-
cline of healthcare workers due to quarantine regulations
and terminations caused a shortage of skilled professionals
(Gohar et al., 2020), as well as supply chain problems, im-
peding the access to ADHD prescriptions. Secondly, the con-
sumption drops in 2020 might also be explained by parental
decision to reduce ADHD medication dosages during school
closures, analogous to drug holidays (Segenreich, 2022).
This idea is supported by the strong correlation of school
closures and consumption losses in 2020. Decreased medica-
tion intake could diminish or cancel out the positive impact
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Fig. 6 Mean relative difference between actual and predicted
ADHD medicine consumption (in DDD per 1000 inhabitants per
day) per quarter, 2020-2021. DDD = defined daily dose. Source:
IQVIA MIDAS Quarterly Sales data Q1 2014-Q4 2021.

of methylphenidate on hyperactivity and inattention as its
effects are limited to the days on which the patient takes
the medication (Tamminga et al., 2021).

In 2021, when containment measures were scaled back,
the consumption of ADHD medications returned to and even
exceeded the level one would have expected if the pre-
pandemic trends had continued without disruptive events.
Possible causes are a backlog from patients who had not re-
ceived sufficient treatment in 2020 or the general increase
of mental health issues, including the worsening of ADHD
symptoms (Panda et al., 2021), which might lead to greater
medication demand. Recent meta-analyses also showed
that higher levels of social withdrawal, which occurred
as consequence of the COVID19 containment measures,
decreased the likelihood of symptom remission in patients
with major psychiatric disorders (Olivia et al., 2022).

Q12020

0.25
KOR

0.00

o . HKG ITA
5

-0.25

Relative difference of actual and expected ADHD
medication use in DDD per 1000 inhabitants per day

40 60

80

We found no structural changes in the distribution of ac-
tive substances in 2020 or 2021 compared to the previous
years, only a slight drop in the second quarter of 2020 for
most substances.

Other studies which aimed to examine the medication
use during the COVID19 pandemic also found a decline in
psychotropic drug use in Canadian children and adolescents
in 2020 (Leong et al., 2022), and an increase in rates of
psychotropic treatment with hypnotics, antidepressants and
psychostimulants for Danish youths with and without psy-
chiatric disorder in March 2020 to June 2022 (Bliddal et al.,
2022). Both suggested similar potential underlying causes as
we conjectured. Kuitunen (2022) found an increase in the
prevalence of psychostimulants users in Finnish pediatric
children already in the third and fourth quarter of 2020,
while we found that the consumptions were lower than pre-
dicted. However, the study only compared the consumption
of 2020 to 2019 without taking the pre-pandemic growing
trends into account.

We conducted analogous analyses based on standard units
and sales value in Euro as consumption measure. The quali-
tative conclusions are the same. Details are given in Tables
S5, S6 and S7 in the Supplement. The sales value from ADHD
medication sales decreased throughout 2014 to 2019 annu-
ally by 1.06% on average (see Table S5 in the Supplement).
This is caused by a decline in the United States, whose sales
volume accounts for approximately 80% of the global sales.
The growth of the US ADHD market was mainly driven by
low-cost generic drugs, which leads to descending sales val-
ues. Outside the US, we recorded a sharp increase in the
annual sales value of 120% in the pre-pandemic period. In
2020 annual sales value suffered a loss of 10.09% per coun-
try on average compared with the predictions (Table S7 in
the Supplement). Globally, it was 0.004% lower than pre-
dicted. In 2021 the global sales value was 6.48% greater than
predicted, however, the unweighted, winsorised mean per
country still revealed a loss of 1.99% per country.
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0.25
GRC
A
SWE
0.001 rwn Jen KOR e~ NLB,
. . FIN ‘aDyK"e
H
BB ey * oBR L
ATe AN, e
. .
R TORA MSE‘S(L
czE *® 5
A
-0.25 SVN HUN o BHlL
o  HKGGprT ITA
EST ® SGPCHN ZAF
L] . L .
ROU ARG
JOR
.
40 60 80

Median stringency index

Fig. 7 Correlation between the median stringency index and the relative difference of actual and predicted ADHD medicine
consumption in Quarter 1 (Q1) and Quarter 2 (Q2) of 2020. DDD = defined daily dose. Source: IQVIA MIDAS Quarterly Sales data Q1

2014-Q4 2021.
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To our knowledge, this study is the first to quantify the
effect of COVID-19 pandemic induced restrictions on the
use of ADHD medications. The use of international pharma-
ceutical sales data enabled an analysis of global trends and
changes in the ADHD medication consumption before and
during the pandemic. However, the sales data do not con-
tain individual-level treatment data which are needed to
measure trends by age, gender or appropriateness of pre-
scribing. For this reason, we cannot draw any conclusions
regarding overuse, underuse or misuse. In the past there has
been clear evidence that ADHD medications are also used
off-label (Faraone et al., 2020; Sinita and Coghill, 2014). As
this study only evaluates sales data of ADHD medications,
the prevalence of ADHD was not taken into account. How-
ever, medication consumption measured as active substance
quantity per day standardized by population size serves as
suitable proxy.

Further research is warranted to describe the impact of
the pandemic restrictions on ADHD prevalence and medi-
cation trends in children and adults, as well as the con-
sequences for mental health, well-being and functioning
in the academic, social and/or workplace domains, after
the social distancing measures. Moreover, prescribers and
health care systems should develop procedures that can
maintain patients on medications prescribed for ADHD dur-
ing pandemics and other events that disrupt access to typi-
cal care pathways.
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