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Background: During the 2020 COVID-19 lockdown, patients included in the Interprofessional Medication Adherence Program 
(IMAP) in Switzerland continued to use electronic monitors (EMs) that registered daily drug-dose intake. We aimed to understand to 
what extent patients’ medication implementation (ie, the extent to which the patient took the prescribed medicine), measured with 
EMs, was impacted by the lockdown.
Methods: Patients participating in the IMAP were diagnosed with diabetic kidney disease (DKD), solid cancer, human immunodefi-
ciency virus (HIV) and miscellaneous long-term diseases (MLTD). Patient implementation was defined through a proxy: if all patient 
EMs were opened at least once daily, implementation was considered active (=1), and no implementation was considered (=0) otherwise. 
Implementation before (from December 2019 to March 2020), during (March to June 2020) and after (June to September 2020) the 
lockdown was compared. Subanalyses were performed according to the patients’ diseases. Subanalyses were performed in patients who 
used at least one EM in 2018–2019 during the same periods (defined as winter, spring and summer). The logistic regression models used 
to estimate medication implementation according to the period were fitted using generalized estimating equations.
Results: In 2020, patient implementation (n = 118) did not differ significantly before versus during (OR = 0.98, 95% CI: 0.84–1.15, 
p = 0.789) and before versus after (OR = 0.91, 95% CI: 0.79–1.06, p = 0.217) the lockdown. These findings remained stable when 
separately analyzing the implementation of patients with HIV (n = 61), DKD (n = 25) or MLTD (n = 22). Too few patients with cancer 
were included (n = 10) to interpret the results. In 2019, the implementation of 61/118 (51.7%) patients was significantly lower during 
summertime versus wintertime (OR = 0.73, 95% CI: 0.60–0.89, p = 0.002).
Conclusion: Medication implementation remained steady before, during and after the lockdown in 2020. The IMAP before, during and after 
the lockdown may have supported the adherence of most patients, by ensuring continuity of care during periods of routine disturbances.
Keywords: SARS-CoV-2, COVID-19, medication adherence, patient compliance, implementation adherence, electronic adherence 
monitoring, interprofessional adherence intervention

Introduction
Medication nonadherence in patients with chronic diseases is a major economic and public health concern.1 

Medication adherence is the extent to which a patient manages a prescription, whether the medication is 
prescribed according to shared decision-making or not. It is characterized by initiation (whether the patient 
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takes the first dose), implementation (daily treatment intake) and discontinuation (prematurely stopping the 
treatment).2 Persistence describes the time between initiation and discontinuation. Adherence can be affected by 
more than 700 determinants,3 including social support, access to medication,4 communication with health care 
providers (HCPs), and socioeconomic or employment status, which were impacted by the lockdown due to the 
Coronavirus disease (COVID)-19 pandemic.

Indeed, during the COVID-19 lockdown in Switzerland, from March to June 2020, the Swiss authorities strongly 
recommended that the population stay at home: working from home was mandatory; schools, social and cultural places 
were closed; social gatherings were prohibited, including in nursing homes; only essential shops were accessible; and 
Swiss frontiers were closed for nonworkers.

Literature about patients’ medication adherence during this period is scarce and often measured by retro-
spective self-reports.5–7 Adherence during lockdown varied according to the monitored treatment, the disease and 
the patient’s perceived risk: in a German study, 84% of patients with inflammatory rheumatic diseases treated with 
immunomodulatory therapies reported that they continued the treatment, and only 3% discontinued treatment. 
Patients’ behaviour towards medication management remained stable before, during and after the lockdown.8 The 
adherence of patients with asthma and chronic obstructive pulmonary disease in the USA, evaluated through 
electronic monitors (EM) during the first 7 days of January 2020 and compared to the last 7 days of March 2020, 
increased from 54% to 62%.9 In India, patients who missed their medical appointments in a glaucoma clinic 
during the lockdown answered a questionnaire by phone call regarding their medication adherence. In total, 57% 
were considered non-adherent. Barriers to adherence were medicine supply issues, financial difficulties and no 
perceived effectiveness of the antiglaucoma medications.10 To our knowledge, no longitudinal adherence data are 
available on patients’ adherence in Switzerland during the lockdown.

The aim of the CovADH (Covid and ADHerence to medication) study is to analyze EM data of patients included in 
the Interprofessional Medication Adherence Program (IMAP)11 to describe patients’ medication implementation before, 
during and after the 2020 lockdown. We hypothesized that medication implementation was impacted during and after the 
lockdown compared to before the lockdown.

Methods
The CovADH study is a retrospective analysis that combines the anonymous databases of several prospective studies and 
cohorts from the IMAP. The local ethics committee (Vaud, Switzerland) authorized the CovADH study to be run after the 
anonymization of the databases. All included patients signed either the IMAP-specific informed consent form or the 
Swiss HIV (Human Immunodeficiency Virus) cohort study (SHCS)-specific informed consent form, which allows 
researchers to use patients’ adherence data for research purposes.

The IMAP runs routinely at the outpatient community pharmacy of the Center for Primary Care and Public 
Health (Unisanté, Lausanne, Switzerland)11 and at the Department of Infectious Diseases of the University 
Hospital in Bern (Inselspital, Bern, Switzerland). Patients included are mostly adults, able to manage their 
treatment on their own (ie, do not receive home care services) and without any major cognitive impairment. 
The IMAP consists of repeated one-on-one motivational interviews between a patient and an HCP to support 
medication self-management and adherence.12,13 Patients included in IMAP use at least one EM (MEMS and 
MEMS AS; AARDEX Group, Sion, Switzerland), each of which contains a patient’s medication. EMs register the 
date and hour of each opening in real time as a proxy of drug intake. During the lockdown, the IMAP 
organization was adapted to avoid patients coming to the pharmacy (eg, medications were mailed, interventions 
were delivered by phone or in person to patients known to have adherence issues).14

The following IMAP participants were included in the CovADH database: patients with diabetic kidney 
disease (DKD) from the PANDIA-IRIS study,15 patients with solid cancer from the OpTAT study,16 participants 
of the SHCS and patients with miscellaneous long-term diseases (MLTD) (eg, hypertension, diabetes, heart 
diseases, renal failure). To be eligible for inclusion, participants had to use one or more EMs during the lockdown 
(the minimum monitored period was 47 days).
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As the combined database is anonymous, patient daily regimens and the expected number of daily EM 
openings were not known. Thus, patients’ implementation was defined through a proxy: if all EMs used by 
a patient were opened at least once daily, medication implementation was considered as active (=1) and no 
implementation was considered (=0) otherwise. EM data with an oral chemotherapy cyclic regimen were excluded 
from the analysis. Hence, implementation was expressed as the number of days where a patient opened each EM 
at least once divided by the number of monitored days during the monitored period.

Patient implementation was compared among three periods: before (December 1, 2019 to March 15, 2020), during 
(March 16 to June 7, 2020) and after (June 8 to September 30, 2020) the lockdown. The implementation of subgroups of 
patients diagnosed with solid cancer, HIV, DKD or MLTD was compared.

Implementation of the same patients who also used one or more EMs during Spring 2019 (the minimum monitored 
period was 74 days) during the same time frame, defined as winter (December 1, 2018 to March 15, 2019), spring 
(March 16 to June 7, 2019) and summer (June 8 to September 30, 2019), served to compare variation within a year.

To obtain a clean database, all consecutive EM nonopenings equal to or more than 6 consecutive days (arbitrary 
choice of length established upon database observations) were set as nonmonitored periods to prevent misinterpretations 
of EM nonopenings (eg, hospitalization, prescribed treatment interruptions, treatment use without an EM). In the case of 
initiation of EM use after the 1st of December or stopping EM use before September 30 of the following year, the label 
“missing data” was imputed between December 1st and EM initiation or from EM stopping until September 30, 
respectively. This EM data cleaning process prepared the database, named the “clean EM database”, for implementation 
analysis in both 2019 and 2020.

In total, analyses were performed on three different databases, including 2019 and 2020 EM data: the main analysis 
was processed with the clean EM database, and two sensitivity analyses were performed to confirm its validity. The first 
sensitivity analysis, called “A”, was performed on the “Raw database” (ie, the unclean database without any nonmoni-
tored periods). The second sensitivity analysis, called “B”, was performed on the “Restricted database”, a clean database 
including only the EM data of patients who used their EM during the entire period of interest (ie, from December 1 to 
September 30 of the following year).

A logistic regression model was used to estimate the implementation according to the period, using “before the 
lockdown” in the 2020 analysis (“winter” in the 2019 analysis) as the reference. The models were fitted using 
Generalized Estimating Equations (GEE) because of the unknown correlation between the repeated observations 
of the patients (each patient was observed multiple times, ie, once per day). The level of statistical significance 
was set at p < 0.05. EM database cleaning and statistical analysis were performed using R statistical software.17

Results
Of the 118 patients (10 patients with cancer, 25 with DKD, 61 with HIV and 22 with MLTD) included in the 2020 
implementation analysis, 61 (51.7%) (1 patient with cancer, 6 with DKD, 41 with HIV, 13 with MLTD) were also 
included in the 2019 implementation analysis.

Sensitivity analysis A (ie, using the raw database) included the same number of patients. Sensitivity analysis B (ie, 
including only patients who used EMs during the entire period) included 60/118 (50.8%) patients from the 2020 clean 
database and 31/61 (50.8%) patients from the 2019 clean database.

In 2020, the probability of active implementation was 90.3% before, 90.1% during and 89.5% after the lockdown. 
Patient implementation did not differ before versus during (OR = 0.98, 95% CI: 0.84–1.15, p = 0.789) and before versus 
after (OR = 0.91, 95% CI: 0.79–1.06, p = 0.217) the lockdown (Table 1). Figure 1 depicts the empirical implementation 
and the GEE modelisations within each period, respectively, in 2020 (a) and 2019 (b) using the clean database. The 
results of sensitivity analyses A (Supplementary Materials 1 and 2) and B (Supplementary Materials 3 and 4) were 
similar.

In 2019, the probability for active implementation was 92.2% in the winter, 90.9% in the spring and 89.5% in the 
summer. Patient implementation was significantly lower during summertime than during wintertime (OR = 0.73, 95% CI: 
0.60–0.89, p = 0.002) (Table 1, Figure 1). Again, the results were similar in sensitivity analysis A (Supplementary 
Materials 1 and 2). In sensitivity analysis B, implementation was significantly lower in the summer and spring compared 
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with the winter (Supplementary Materials 3 and 4). In 2020, the probability for active implementation of the 61 patients 
who used their EM both in 2019 and 2020 was stable across the periods: implementation was 87.6% before, 86.6% 
during and 86.2% after the 2020 lockdown (Supplementary Materials 5 and 6).

Table 1 Patient Medication Implementation in 2020 and 2019 Using the Clean Database

EM Database 2020 (n = 118)

All Patients (n = 118)

Periods Implementation Odds Ratio

Estimate 95% CI Estimate 95% CI p-value

Beforea 0.903 0.869 0.929 NA

Duringb 0.901 0.863 0.929 0.979 0.835 1.147 0.789

Afterc 0.895 0.856 0.923 0.911 0.787 1.056 0.217

Patients with cancer (n = 10)

Beforea 0.964 0.889 0.989 NA

Duringb 0.962 0.891 0.987 0.945 0.755 1.182 0.619

Afterc 0.942 0.821 0.983 0.610 0.512 0.726 <0.001g

Patients with diabetic kidney disease (n = 25)

Beforea 0.972 0.948 0.985 NA

Duringb 0.962 0.931 0.979 0.731 0.485 1.100 0.133

Afterc 0.960 0.932 0.977 0.701 0.462 1.063 0.094

Patients with HIV (n = 61)

Beforea 0.892 0.842 0.928 NA

Duringb 0.905 0.853 0.939 1.146 0.959 1.368 0.133

Afterc 0.893 0.840 0.930 1.008 0.822 1.237 0.938

Miscellaneous patients (n=22)

Beforea 0.861 0.765 0.922

Duringb 0.828 0.706 0.907 0.781 0.534 1.140 0.200

Afterc 0.835 0.713 0.911 0.818 0.633 1.056 0.124

EM database 2019 (n = 61)

All patients (n = 61)

Periods Implementation Odds Ratio

Estimate 95% CI Estimate 95% CI p-value

Winterd 0.922 0.894 0.942 NA

Springe 0.909 0.873 0.936 0.852 0.706 1.029 0.097

Summerf 0.895 0.860 0.923 0.728 0.596 0.891 0.002

Notes: aFrom December 1, 2019 to March 15, 2020; bFrom March 16 to June 7, 2020; cFrom June 8 to September 30, 2020; 
dFrom December 1, 2018 to March 15, 2019; eFrom March 16 to June 7, 2019; fFrom June 8 to September 30, 2019; gThis 
result is not interpretable as only 5/10 (50%) patients with cancer were still using the EM on September 30, 2020. 
Abbreviation: NA, not applicable (reference period).
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Subgroups of Patients in 2020
The implementation of patients with HIV, DKD or other MLTD did not differ significantly among the periods in 2020 
(there were too few patients with cancer at the end of the monitoring period to allow for analysis) (Table 1). Both 
sensitivity analyses showed some changes in implementation among periods according to the disease: for instance in 
sensitivity analysis A, patients with HIV implemented their treatment better during the lockdown (+3%), and the 
implementation of patients with MLTD decreased during (−10%) and after (−6%) the lockdown compared to before 
the lockdown (Supplementary Material 1).

Discussion
Our results do not support our hypothesis, as medication implementation remained steady before, during and after the 
lockdown in 2020, and the results were similar across patient subgroups.

On the one hand, implementation may have been positively impacted by the lockdown, eg, many patients slowed down 
their activities, traveled less, and were more cautious in managing their chronic treatment due to the fear of developing disease 
complications in a difficult sanitary context. On the other hand, implementation may also have been negatively impacted by 
social isolation and the loss of workday routines. We hypothesize that both tendencies could have counterbalanced each other. 
Moreover, during the pandemic, continuity of care was ensured by medical teleconsultations and phone calls between patients 
and their HCPs. Pharmacists mailed medications to patients’ homes and led interviews by phone calls with patients included in 
the IMAP. Despite fewer medical and pharmacist face-to-face consultations, adherence was not impaired.

When analyzing subgroups of patients, implementation was quite similar across groups except for the group of 
patients diagnosed with MLTD, whose implementation rate was lower. These patients came from different medical 
backgrounds, and probably had less threatening diseases than patients in the other subgroups. The sample size was 
relatively small, and caution must be taken when interpreting the results.

In 2019, medication adherence decreased during the summertime, but this phenomenon did not occur after the 
lockdown in the summer 2020; this is potentially linked to the fact that the population had just emerged from the 
lockdown with much uncertainty about the evolution of the pandemic.

The main strengths of this study rely on the longitudinal, electronic monitoring of medication implementation before, 
during and after the lockdown and on the sensitivity analyses, which strengthen the results.

The main limitation of this study is the evaluation of medication implementation through a proxy. This proxy, which 
considered all regimens as QD (once-daily) regimens, might have overestimated adherence in patients who were prescribed 
a more frequent regimen, such as a BID (twice-daily) regimen. In contrast, adherence might have been underestimated if 
implementation was low for one drug but adequate for others. Nevertheless, the same proxy was used to evaluate 
implementation across the various periods (before, during and after the lockdown), which allowed us to analyze the change 

Figure 1 Empirical implementation and GEE modelisations in 2020 (A) and 2019 (B) using the clean database. (A) Period Before During After. (B) Period 
Winter Spring Summer.
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in implementation between periods rather than the implementation rate itself. Second, some patients were prescribed 
cotreatments that were not monitored by EMs, and their implementation could have differed from those that were monitored. 
However, the monitored medications were among the most relevant medications that our participants were taking. Third, 
although only half (61/118; 52%) of the participants in 2020 were taking part in the IMAP in 2019, the sample remained quite 
substantial to provide a comparative overview of the change of implementation across periods in 2019. Finally, the timing of 
drug intake could have been shifted during the lockdown due to the dismantling of routines, but due to ethical requirements, 
we were not allowed to investigate this dimension, as unusual timing could enable the identification of some patients. Also, 
because of ethical requirements linked to the anonymization of the database, we were not allowed to provide sample 
characteristics (eg, age, gender, education). Further studies should investigate the sociodemographic determinants of adher-
ence during the 2020 COVID-19 lockdown.

Conclusions
Medication implementation remained steady before, during and after the lockdown in 2020. According to our results, it is 
unlikely that medication adherence was negatively impacted by the lockdown. The IMAP may have contributed to 
supporting the medication adherence of patients throughout the pandemic. Interprofessional adherence programs that are 
tailored to patients’ needs, ensure continuity of care and avoid gaps in medication supply by the regular mailing of treatment 
contribute to supporting patients during periods of routine disturbances such as lockdowns in a pandemic context.
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