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Abstract 
The objective of this study is to quantify the impact of the COVID-19 pandemic on atten- 
tion deficit hyperactivity disorder (ADHD) medication consumption globally and nationally using 
pharmaceutical sales data from 2014 to 2021 across 47 countries and regions. A seasonal au- 
toregressive integrated moving average model (SARIMA) was applied to the time series until the 
end of 2019 at country level and used for the prediction of the ADHD medication consumption 
in 2020 and 2021. The deviations from the actual to the forecasted sales, which simulate the 
development without the emergence of COVID-19, yield estimates for the pandemic’s impact. 
In 36 of the 47 countries and regions, the actual sales in 2020 were lower than predicted, with 
an average relative drop of 6.2% in defined daily doses (DDD) per 1000 inhabitants per day 
at country-level. In 2021, most countries recorded actually higher ADHD medication use than 
predicted at the end of 2019. On average, the consumption increased per country by 1.60%. 
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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. 
© 2023 The Authors. Published by Elsevier B.V. 
This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

ttention deficit hyperactivity disorder (ADHD) is a com- 
on childhood neurodevelopmental disorder, characterised 
y impairing levels of inattention and/or hyperactivity- 
mpulsivity ( American Psychiatric Association, 2013 ). Up 
o 65% of individuals diagnosed in childhood continue to 
emonstrate ADHD symptoms in adulthood ( Faraone et al., 
006 ). The worldwide prevalence is estimated as 5–
% in children and adolescents ( Polanczyk et al., 2014 ; 
homas et al., 2015 ), and approximately 2.5% in adults 
 Simon et al., 2009 ; Song et al., 2021 ). Although epidemio- 
ogical studies suggests that the prevalence of ADHD is sim- 
lar between different countries ( Polanczyk et al., 2014 ), 
here is significant variation in the rate of diagnosis depend- 
ng on the geographical location ( Polanczyk et al., 2007 ; 
aman et al., 2018 ). No single risk factor is necessary or 
ufficient to cause ADHD. In most cases ADHD arises from 

everal genetic and environmental risk factors that each 
ave a small individual effect and act together to increase 
usceptibility. The multifactorial causation of ADHD is con- 
istent with the heterogeneity of the disorder, which is 
hown by its extensive psychiatric co-morbidity, its mul- 
iple domains of neurocognitive impairment and the wide 
ange of structural and functional brain anomalies associ- 
ted with it ( Faraone et al., 2015 ; Mortimer et al., 2020 ;
ujol-Gualdo et al., 2021 ). ADHD is frequently comorbid 
ith other mental health disorders including anxiety and 
ubstance abuse ( Jensen and Steinhausen, 2015 ; Wilens and 
pencer, 2010 ), and associated with impairments of social, 
cademic and occupational functioning ( American Psychi- 
tric Association, 2013 ; Shaw et al., 2012 ). ADHD sever- 
ty is a risk factor for nicotine use as well as for gaming 
 Schoenmacker et al., 2020 ). 
ADHD treatment recommendations vary across coun- 

ries, but usually include behavior therapy and medication 
 Faraone et al., 2021 ). Most international guidelines recom- 
end a stepwise approach to manage ADHD in school-aged 
hildren, beginning with psychoeducation and behavioural 
nterventions including parent training, then moving on 
o pharmacological intervention ( NICE, 2019 ; Thapar and 
ooper, 2016 ). In preschool-aged children, the first-line 
reatment is behavioural therapy alone ( NICE, 2019 ). Avail- 
ble guidelines for ADHD treatment in adulthood recom- 
end pharmacological treatment as the first-line ther- 
py ( Bolea-Alamañac et al., 2014 ; Kooij et al., 2019 ; 
ICE, 2019 ). Stimulants (methylphenidate, lisdexamfe- 
amine or dexamfetamine) are the most frequently pre- 
cribed medications, followed by non-stimulants (atomoxe- 
ine or extended release formulations of guanfacine, cloni- 
ine and viloxazine) as second-line pharmaceutical treat- 
25 
ent in children and adolescents ( Bolea-Alamañac et al., 
014 ; Kooij et al., 2019 ; Pliszka et al., 2007 ; Thapar and
ooper, 2016 ; Wolraich et al., 2019 ). Despite largely sim- 
lar management guidelines, ADHD medication use dif- 
ers greatly across countries ( Bachmann et al., 2017 ; 
inshaw et al., 2011 ; Setyawan et al., 2018 ). However, in- 
reasing recognition of ADHD as well as increasing medica- 
ion use have been observed during the last decades across 
ll age groups in numerous countries ( Bachmann et al., 
017 ; Burcu et al., 2016 ; Karlstad et al., 2016 ; Man et al.,
017 ; Raman et al., 2018 ;), which gave rise to concerns 
bout inappropriate prescription of ADHD medications, es- 
ecially in children ( Zito and Burcu, 2017 ), and potential 
verdiagnosis. 
In December 2019, the novel coronavirus was first iden- 

ified from an outbreak in China. Within several weeks, 
t spread worldwide and caused the World Health Organi- 
ation (WHO) to declare it as a pandemic in March 2020 
 WHO, 2020 a). Preventive measures to slow the spread 
f the disease have been implemented nearly worldwide. 
esides vaccinations, containment measures included face 
asks, good respiratory hygiene, quarantines and social dis- 
ancing ( ECDC, 2022 ). As vaccinations were not available 
efore December 2020, non-pharmaceutical measures were 
ssential to slow down the infection rate ( Anderson et al., 
020 ). The near-global governmental social distancing rec- 
mmendations and regulations such as staying at home 
nd keeping distance from others ( WHO, 2020b ), led to 
ockdowns, business restrictions and school closures. These 
nterventions caused not only a large global recession 
 IMF, 2022 ), but also impacted mental health by increas- 
ng anxiety, depression and post-traumatic stress disorder 
ymptoms ( Luo et al., 2020 ; Santomauro et al., 2021 ). Chil-
ren, adolescents and students were particularly vulnera- 
le for the negative effects due to risk factors such as fa- 
ilial conflicts, decreased physical activity and loneliness 

 Manchia et al., 2022 ). Recent studies suggest a negative 
mpact of the pandemic and containment measures on in- 
ividuals with ADHD in form of worsened ADHD symptoms 
 Behrmann et al., 2022 ; Sciberras et al., 2022 ; Shah et al.,
021 ). To our knowledge, no studies to date have investi- 
ated global and country-level patterns of ADHD medication 
se since the COVID-19 pandemic outbreak. The relation be- 
ween psychotropic drugs and COVID-19 is complex; while 
he antidepressant Fluvoxamine reduces the risk of mortal- 
ty for COVID-19, antipsychotics are associated with an in- 
reased risk of severe COVID-19 and mortality ( Fico et al., 
022 ). However, the meta-analysis did not consider the 
ffect of central nervous system (CNS) stimulants on 
OVID-19. 

http://creativecommons.org/licenses/by/4.0/
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This study analysed the ADHD medication use in 47 coun- 
ries and regions from 2014 to 2021. We set out to capture 
ny changes in ADHD medication consumption in 2020 and 
021 due to the pandemic mitigation measures. We also 
dentified countries with the highest and lowest losses in 
he ADHD market compared to the predicted sales in 2020 
nd 2021 under usual, non-pandemic conditions. 

. Experimental procedures 

.1. Data sources 

e used quarterly data obtained from IQVIA Multinational Inte- 
rated Data Analysis System (IQVIA MIDAS®). IQVIA MIDAS data 
ombine country-level data, healthcare expertise and therapeutic 
nowledge in 90 + countries to deliver data in globally standard- 
zed forms to facilitate multi-country analyses, a leading source of 
nsight into international market dynamics relating to the distribu- 
ion and use of medicines. 
The database includes the sales of generic and brand products 

nd does not contain individual-level data. Thus, institutional re- 
iew board approval was not required. This study is based on sales 
olume data of ADHD medications from Quarter 1, 2014 to Quarter 
, 2021 of 45 countries and regions ( Table 2 ) including information 
bout the number of sold standard units, the strength, the active 
ubstances and the sales value of each drug. Data of one further 
ountry and one further region (Canada and Hong Kong) are avail- 
ble from Quarter 4, 2016 to Quarter 4, 2021. 
Population estimates of each country and region were obtained 

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

.2. Data analysis 

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

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

here standard.units are the number of sold standard units of each 
edication, strength is the dose of its active substance, DDD is the 
efined daily dose depending on the substance, population is the 
opulation estimate of the country at the time of sales and #days 
s the number of days in the time period. This measure is useful as
t is standardized not only by time but also by population size. In 
ontrast, the sum of sold standard units per person in a time period 
nly takes the population size into account, while the total sales 
alue simply accumulates the sales values of all sold medications in 
 time period. 
We analysed the global and national ADHD medicine consump- 

ion trends in the pre-pandemic period (2014 to 2019) and dur- 
ng the pandemic (2020 to 2021) by calculating absolute and per- 
26 
entage changes. Additionally, time trend coefficients were esti- 
ated by linear regression models using consumption data in DDD 
er 1000 inhabitants per day up to 2019 including an intercept and
ime of sales as regressors. To quantify the impact of the COVID-
9 pandemic, we forecasted the sales volume of the years 2020 
nd 2021 based on the national consumption trends until 2019. 
he impact was assessed by fitting a SARIMA model ( Brockwell and 
avis, 2016 ) and comparing its predictions to the actual sales vol-
me in all three measures (DDD per 1000 inhabitants, standard units 
er person and sales value in Euro). As the US market accounts
or a huge share of the entire ADHD medication market, we not
nly calculated the difference globally in DDD per 1000 inhabitants 
er day, which basically corresponds to an average weighted by 
he countries’ population size, but also unweighted means of the 
elative differences per country as measure of the country-level 
oss. This reflects much better the worldwide picture. Winsorised 
verages were used to avoid strong distortions by outliers. Coun- 
ries with very high and very low losses during the pandemic period 
ere identified. Further, we examined the association between the 
OVID-19 stringency index and the difference of the actual and the 
redicted medication use under non-pandemic conditions by cal- 
ulating Spearman’s correlation coefficient as it is more robust to 
utliers than Pearson. Last, substance-specific analyses were done. 
ome of the substances included in the data set are also approved 
or other medications than ADHD treatment. However, in this study 
nly sales data of medications specifically indicated for the treat- 
ent of ADHD (ATC class N06B) were evaluated. We used R ( R Core
eam, 2022 ), version 4.1.3, for data analysis. 

. Results 

.1. Consumption of ADHD medicines in 47 

ountries and regions before COVID19 pandemic 

n the pre-pandemic period, we found a significant steady 
ncrease ( p < 0.001) in the global annual consumption of 
DHD medicines ( Table 1 ). The rise of consumed DDD per 
000 inhabitants per day from 3.08 in 2014 to 3.67 in 2019 
orresponds to a relative change of 19.0% and a relative 
verage increase of 3.09% annually. From 2019 to 2020 
he consumption level nearly stagnated with a percentage 
rowth of only 0.69%. However, from 2020 to 2021 we found 
 relative increase by 7.47% far above average. See Table S5 
n the Supplement for global annual trends of the consump- 
ion in standard units and sales value. 
Considerable national variation was evident in the con- 

umption of ADHD medicines during the pre-pandemic study 
eriod, ranging from 0.004 DDD per 1000 inhabitants per 
ay in Colombia to 30.54 DDD per 1000 inhabitants per day 
n the US in 2019 ( Fig. 1 ). Generally, the highest levels of
DHD medication use were recorded in North American 
ountries (Canada: 18.1 DDD per 1000 inhabitants per day), 
n Scandinavia (Sweden: 16.8, Norway: 13.3, Denmark: 12.4 
DD per 1000 inhabitants per day), the Netherlands (8.8 
DD per 1000 inhabitants per day) and Australia (8.7 DDD 

er 1000 inhabitants per day). In 26 countries, mainly from 

sia, East Europe and South America, the ADHD medication 
onsumption level was very low ( < 1 in DDD per 1000 inhab-
tants per day). The lowest usage levels besides Colombia 
ere recorded in Bulgaria and the Philippines (both 0.009 
DD per 1000 inhabitants per day), Indonesia (0.013 DDD 

er 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% 

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. 
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nhabitants per day) and Malaysia (0.019 DDD per 1000 
nhabitants per day). 
However, the trends in ADHD medicine consumption were 

omparable across most countries. An increase in ADHD 

edication use was found for all countries except Luxem- 
ourg, Romania and Colombia with average relative annual 
ecreases of 3.22%, 2.61% resp. 11.1% in DDD per 1000 in- 
abitants per day from 2014 to 2019 (Table S1). The high- 
st absolute changes from 2014 to 2019 in DDD per 1000 
nhabitants per day were seen in the Scandinavian coun- 
ries (Sweden + 6.20, Norway + 4.90, Denmark + 4.2, Fin- 
and + 3.2) as well as Australia ( + 3.7). The highest annual 
elative increase in DDD per 1000 inhabitants per day was 
ecorded in Jordan with 67.27%, Lithuania with 58.01% and 
atvia with 48.78%. Time trend estimates by linear regres- 
ion models using quarterly data up to 2019 were signifi- 
ant at the 5% level in all countries and regions with ex- 
eption of Argentina, Korea, Portugal, Romania and Spain. 
he time trend coefficients were estimated positive in 
ll countries except Colombia, Luxembourg, Romania and 
lovakia. 
Besides similar time trends, the same seasonal pattern 
as observable in many countries and regions. Due to 
rug holidays which are mainly during the summer holiday 
eason, medication use often drops in Quarter 3 (see Fig. S1 
n the Supplement). This pattern was seen in 20 coun- 
ries (Austria, Belgium, Canada, Czech Republic, Estonia, 
rance, Germany, Greece, Hungary, Ireland, Italy, Lux- 
c

27 
mbourg, Netherlands, Poland, Portugal, Slovenia, South 
frica, Spain, Switzerland, Turkey) as well as in Australia 
nd Argentina, where the drop in sales is observable in 
uarter 1. 

.2. Substance-specific analyses 

en different active substances in the ADHD medication 
ere recorded in the considered 47 countries and regions: 
mfetamine, armodafinil, atomoxetine, dexamfetamine, 
exmethylphenidate, guanfacine, lisdexamfetamine, 
ethamphetamine, methylphenidate and modafinil. Over- 
ll, the most common substances were amfetamine, 
ethylphenidate and lisdexamfetamine ( Figs. 2 , S2, and 
able S2 in the Supplement), which together account for 
pproximately 90% of the total ADHD medication use. While 
mfetamine and methylphenidate have particularly high 
sage levels in the US, methylphenidate is clearly the most 
ommon in other countries and regions. The usage levels 
f the remaining eight substances were substantially lower. 
he share of each substance on the global consumption 
f ADHD medicine remained quite steady over the study 
eriod. Only lisdexamfetamine seems to have a slight 
ncreasing trend while methylphenidate’s share seems to 
lightly decrease. 
Analogous to the global upward trend of ADHD medicine 

onsumption, 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. 
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evels ( Fig. 2 ). We observed an increase in consumed DDD 

er 1000 inhabitants per day for seven of the ten sub- 
tances, while declines were recorded for armodafinil, dex- 
mfetamine and methamphetamine. Changes over time 
ere significant ( p < 0.001) for all substances except 
exmethylphenidate ( p = 0.37). 

.3. Consumption of ADHD medicines in 47 

ountries and regions during/after COVID19 

andemic 

tarting in Quarter 2 of 2020, at the onset of the COVID-19 
andemic, almost all countries saw a plunge in the use of 
DHD medications of varying length and severity ( Fig. 3 ). 
n China, where the pandemic occurred a few months be- 
ore it spread globally, we observed a sharp drop of sales in 
he first quarter. The annual percentage increase in global 
DHD medication consumption was much smaller from 2019 
o 2020 than in all previous years ( Table 1 ). However, the 
elative increases from 2020 to 2021 in turn were remark- 
bly high. Similar observations were made at the country- 
evel in most countries and regions (Table S1). Comparing 
he trends per substance ( Fig. 2 ), we observed a slight 
rop in the second quarter of 2020 as well, especially 
or amfetamine, methylphenidate, lisdexamfetamine and 
exmethylphenidate. 
To quantify the impact of the COVID-19 pandemic on 

DHD medication use, we calculated the difference be- 
ween the actual sales in 2020–2021 and the predicted sales 
nder normal, non-pandemic conditions for each country. 
sing the previous year sales volume of 2019 as refer- 
nce values for the predicted sales in 2020 would not take 
nto account the largely significant national trends. There- 
ore, a seasonal autoregressive integrated moving average 
SARIMA) model of order (1, 1, 1) × (1, 1, 1) 4 was fitted using 
he Maximum-Likelihood method for each country based on 
heir quarterly sales during 2014 Q1 to 2019 Q4. The model 
stimates provided reliable forecasts for 2020 and 2021, 
28 
rojecting previous trends in the medication consumption 
nder the assumption of constant conditions, i.e., no emer- 
ence of a worldwide pandemic and far-reaching mitigation 
easures. Fig. 4 shows the actual quarterly sales (DDD per 
000 inhabitants per day) form 2014 to 2019, the SARIMA 
orecast based on this data for 2020–2021, and the actual 
ales in 2020 and 2021. The reliability of SARIMA forecasts as 
 prediction method was shown using retrospective analyses 
n the pre-pandemic period. When predicting similarly the 
ight quarters of 2018 and 2019 by fitting a SARIMA model to 
ata from 2014 to 2017, we found high forecast accuracy for 
ll target values, likewise when predicting 2019 only based 
n the respective past. For details see Table S3 and Fig. S3 
n the Supplement. 
To calculate the predicted ADHD medication use in 2020 

nd 2021 under the assumption of unchanged conditions, we 
tted a SARIMA model using the quarterly sales volume data 
rom 2014 to 2019 and predicted the following eight quar- 
ers for each of the 47 countries and regions separately. The 
esulting predicted ADHD medicine consumption in DDD per 
000 inhabitants per day as well as their absolute and rel- 
tive difference to the actual consumption per country are 
ound in Table 2 . In 2020, the first year of the pandemic, we
ound lower actual consumption than predicted in 36 of the 
7 countries and regions. The unweighted 95%-winsorised 
ean yields an average relative loss of 6.2% per country. 
ighest relative losses were recorded in Argentina ( −32%), 
hilippines ( −31%) and Romania ( −27%). The greatest ab- 
olute losses were seen in Canada ( −0.67 DDD per 1000 in- 
abitants per day), Portugal ( −0.48 DDD per 1000 inhab- 
tants per day) and Norway ( −0.46 DDD per 1000 inhab- 
tants per day). Only few countries recorded significantly 
reater consumption in 2020 than predicted: Netherlands 
nd Greece (both + 5%), Taiwan ( + 7%), Malaysia ( + 13%),
atvia ( + 24%) and Colombia ( + 109%). Colombia is a se-
ere outlier in several ways: Firstly, the consumption pat- 
ern was steadily decreasing until 2019, in strong contrast 
o the worldwide trend. Secondly, Colombia recorded the 
owest level of ADHD medicine consumption in our study. 
hus, this extremely high percentage difference has little 
elevance. The largest absolute gains compared to the pre- 
icted consumption were found in the Netherlands ( + 0.47 
DD per 1000 inhabitants per day), Sweden ( + 0.42 DDD per 
000 inhabitants per day) and Australia ( + 0.2 DDD per 1000 
nhabitants per day). Generally, we found stronger impact of 
OVID-19 in form of greater relative deviations between ac- 
ual and predicted ADHD medication use in countries with a 
ow consumption level. In regions with high usage levels like 
orth America, Scandinavia and Australia, the losses in 2020 
ere fairly low ( Fig. 5 ). Globally, the annual ADHD medica- 
ion use in 2020 was 3.69 DDD per 1000 inhabitants per day 
nd thus 0.13 lower than the prediction of 3.82, correspond- 
ng to a relative loss of 3.31% in 2020. 
In 2021, the inhibiting effect of the pandemic on the 

DHD medicine consumption ceased: The unweighted, win- 
orised mean yields a positive deviation of 1.60% per coun- 
ry compared to expectations. Only 17 of the 46 countries 
nd regions showed lower actual medication use than pre- 
icted, with the highest relative losses in Romania ( −32%), 
outh Africa and the Philippines (both −25%) and highest 
bsolute losses in South Africa ( −0.55 DDD per 1000 inhab- 
tants 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. 3 Quarterly ADHD consumption in three countries before (2014–2019) and during the COVID-19 pandemic (2020–2021). Out- 
break of the pandemic is marked as dashed red line in 2020, Quarter 1. DDD = defined daily dose. Source: IQVIA MIDAS Quarterly 
Sales data Q1 2014–Q4 2021. 

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. 
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er day) and Turkey ( −0.23 DDD per 1000 inhabitants per 
ay). In most countries, actual ADHD medicine consump- 
ion in 2021 exceeded predicted consumption. The greatest 
elative positive deviations were found in Malaysia (36%), 
reece (24%) and Jordan (18%), the greatest absolute ex- 
esses in the Netherlands ( + 1.68 DDD per 1000 inhabitants 
er day), Australia ( + 1.23 DDD per 1000 inhabitants per day) 
nd Finland ( + 0.87 DDD per 1000 inhabitants per day). The 
gain extreme percentage difference in Colombia ( + 353%) 
an be considered as outlier for the above reasons. Globally, 
he actual ADHD medication consumption of 3.97 DDD per 
000 inhabitants per day exceeds the forecasted consump- 
ion by 0.02 DDD per 1000 inhabitants per day correspond- 
ng to a percentage difference of about 0.37%. Averaging 
he winsorised relative differences across all countries per 
uarter ( Fig. 6 ) revealed that consumption started to drop 
n Quarter 2 of 2020, where the loss is also the greatest with 
pproximately 18% on average. In the following three quar- 
ers the average loss becomes smaller until the second quar- 
er of 2021, where the actual consumption starts to exceed 
he predictions. In Quarter 4 of 2021 the actual medication 
se was on average 8.5% greater than predicted. 

.4. Correlation between the median stringency 

ndex and ADHD medicine consumption 

e found negative associations between the median strin- 
ency index and the relative difference between the actual 
30 
nd the predicted sales volume of each country. We calcu- 
ated Spearman’s correlation coefficient per year and over- 
ll and tested for significance (Table S4 in the Supplement). 
his yielded a significant overall correlation estimate of 
0.34 ( p < 0.001). In 2020 the association is particularly 
trong achieving a correlation of −0.51 ( p < 0.001), in 2021 
t reduced to −0.22 ( p = 0.003). Fig. 7 illustrates the nega-
ive correlation in Quarter 1 and 2 of 2020: the greater the 
tringency index, i.e., the stricter the anti-pandemic regu- 
ations, the greater the relative decrease in ADHD medica- 
ion use compared to the forecasts. We found particularly 
trong correlation between the mean quarterly school clo- 
ure index and the ADHD medicine use with an overall esti- 
ate of −0.39 ( p < 0.001). In 2020, the Spearman correla-
ion coefficient is even −0.55 ( p < 0.001), in 2021 it reduces
o −0.25 ( p < 0.001). 

. Discussion 

his study reports ADHD medication sales volumes for 47 
ountries and regions. We compared global trends and 
oted a mean annual consumption increase of 3.09% in 
DD per 1000 inhabitants per day in the pre-pandemic pe- 
iod from 2014 to 2019. Consumption declines were only 
ecorded in three countries. The comparable trends across 
ost countries are similar to previously published research 

 Bachmann et al., 2017 ; Man et al., 2017 ). The observation
f strong variation in the prevalence of ADHD medication 
se with markedly higher usage levels in North America and 
orth European countries is in line with previous studies 
 Bachmann et al., 2017 ; Raman et al., 2018 ). Consistent 
ith treatment guidelines, the most common substances 
ere amfetamine, methylphenidate and lisdexamfetamine. 
In the second quarter of 2020, when measures aimed at 

reventing the spread of the Coronavirus were taken, we 
bserved a drop in medication consumption in most coun- 
ries disrupting the previous trends. In 2020, 36 of the 47 
ountries and regions recorded lower consumption in DDD 

er 1000 inhabitants per day than predicted. On average, 
onsumption was 6.20% below the predictions at country- 
evel with particularly high losses in the second quarter. In 
021, the impact of the pandemic seems to be largely di- 
inished. Only seventeen countries recorded fewer actual 
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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. 
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ales than predicted. On average, ADHD medication con- 
umption exceeded expectations by 1.60% per country. The 
ositive deviations from the predictions were highest in the 
ourth quarter of 2021. Generally, the impact of the pan- 
emic was higher in regions with a low consumption level. 
n North American and Scandinavian countries, which have 
he highest levels of ADHD medication usage, the losses in 
020 were fairly low. Globally, the actual annual consump- 
ion of 3.69 DDD per 1000 inhabitants per day was 0.13 be- 
ow the prediction, corresponding to a relative loss of 3.31% 

n 2020. In 2021, the actual annual consumption of 3.97 
DD per 1000 inhabitants per day exceeds the forecast by 
.37%. 
The losses during the studied pandemic period strongly 

egatively correlated with the stringency index, especially 
31 
n 2020, indicating that greater preventive measures led 
o lower consumption of medications for ADHD. This might 
e for several reasons: firstly, mitigation measures included 
tay at home recommendations leading to fewer health care 
isits and thus to fewer prescriptions. Additionally, a de- 
line of healthcare workers due to quarantine regulations 
nd terminations caused a shortage of skilled professionals 
 Gohar et al., 2020 ), as well as supply chain problems, im-
eding the access to ADHD prescriptions. Secondly, the con- 
umption drops in 2020 might also be explained by parental 
ecision to reduce ADHD medication dosages during school 
losures, analogous to drug holidays ( Segenreich, 2022 ). 
his idea is supported by the strong correlation of school 
losures and consumption losses in 2020. Decreased medica- 
ion intake could diminish or cancel out the positive impact 



S. Gimbach, D. Vogel, R. Fried et al. 

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. 
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f methylphenidate on hyperactivity and inattention as its 
ffects are limited to the days on which the patient takes 
he medication ( Tamminga et al., 2021 ). 
In 2021, when containment measures were scaled back, 

he consumption of ADHD medications returned to and even 
xceeded the level one would have expected if the pre- 
andemic trends had continued without disruptive events. 
ossible causes are a backlog from patients who had not re- 
eived sufficient treatment in 2020 or the general increase 
f mental health issues, including the worsening of ADHD 

ymptoms ( Panda et al., 2021 ), which might lead to greater 
edication demand. Recent meta-analyses also showed 
hat higher levels of social withdrawal, which occurred 
s consequence of the COVID19 containment measures, 
ecreased the likelihood of symptom remission in patients 
ith major psychiatric disorders ( Olivia et al., 2022 ). 
ig. 7 Correlation between the median stringency index and the
onsumption in Quarter 1 (Q1) and Quarter 2 (Q2) of 2020. DDD = d
014–Q4 2021. 

32 
We found no structural changes in the distribution of ac- 
ive substances in 2020 or 2021 compared to the previous 
ears, only a slight drop in the second quarter of 2020 for 
ost substances. 
Other studies which aimed to examine the medication 

se during the COVID19 pandemic also found a decline in 
sychotropic drug use in Canadian children and adolescents 
n 2020 ( Leong et al., 2022 ), and an increase in rates of
sychotropic treatment with hypnotics, antidepressants and 
sychostimulants for Danish youths with and without psy- 
hiatric disorder in March 2020 to June 2022 ( Bliddal et al., 
022 ). Both suggested similar potential underlying causes as 
e conjectured. Kuitunen (2022) found an increase in the 
revalence of psychostimulants users in Finnish pediatric 
hildren already in the third and fourth quarter of 2020, 
hile we found that the consumptions were lower than pre- 
icted. However, the study only compared the consumption 
f 2020 to 2019 without taking the pre-pandemic growing 
rends into account. 
We conducted analogous analyses based on standard units 

nd sales value in Euro as consumption measure. The quali- 
ative conclusions are the same. Details are given in Tables 
5, S6 and S7 in the Supplement. The sales value from ADHD
edication sales decreased throughout 2014 to 2019 annu- 
lly by 1.06% on average (see Table S5 in the Supplement). 
his is caused by a decline in the United States, whose sales 
olume accounts for approximately 80% of the global sales. 
he growth of the US ADHD market was mainly driven by 
ow-cost generic drugs, which leads to descending sales val- 
es. Outside the US, we recorded a sharp increase in the 
nnual sales value of 120% in the pre-pandemic period. In 
020 annual sales value suffered a loss of 10.09% per coun- 
ry on average compared with the predictions (Table S7 in 
he Supplement). Globally, it was 0.004% lower than pre- 
icted. In 2021 the global sales value was 6.48% greater than 
redicted, however, the unweighted, winsorised mean per 
ountry still revealed a loss of 1.99% per country. 
 relative difference of actual and predicted ADHD medicine 
efined daily dose. Source: IQVIA MIDAS Quarterly Sales data Q1 
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To our knowledge, this study is the first to quantify the 
ffect of COVID-19 pandemic induced restrictions on the 
se of ADHD medications. The use of international pharma- 
eutical sales data enabled an analysis of global trends and 
hanges in the ADHD medication consumption before and 
uring the pandemic. However, the sales data do not con- 
ain individual-level treatment data which are needed to 
easure trends by age, gender or appropriateness of pre- 
cribing. For this reason, we cannot draw any conclusions 
egarding overuse, underuse or misuse. In the past there has 
een clear evidence that ADHD medications are also used 
ff-label ( Faraone et al., 2020 ; Sinita and Coghill, 2014 ). As 
his study only evaluates sales data of ADHD medications, 
he prevalence of ADHD was not taken into account. How- 
ver, medication consumption measured as active substance 
uantity per day standardized by population size serves as 
uitable proxy. 
Further research is warranted to describe the impact of 

he pandemic restrictions on ADHD prevalence and medi- 
ation trends in children and adults, as well as the con- 
equences for mental health, well-being and functioning 
n the academic, social and/or workplace domains, after 
he social distancing measures. Moreover, prescribers and 
ealth care systems should develop procedures that can 
aintain patients on medications prescribed for ADHD dur- 

ng pandemics and other events that disrupt access to typi- 
al care pathways. 
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