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ABSTRACT 
 
Background: Adherence to antihypertensive drugs in patients with diabetes is 
important. To support adherence, attention should be paid to the dynamic process of 
implementation, persistence and reinitiation of these drugs. We assessed non-
adherence, non-persistence and reinitiation patterns for antihypertensive drugs in 
patients on oral diabetes drugs and identified pharmacy-based predictors of these 
processes. 
 
Methods: We conducted a cohort study in patients on oral diabetes drugs who initiated 
antihypertensive drugs between 1995–2015, as registered in the IADB.nl pharmacy 
database. Non-adherence was defined as a medication possession ratio < 80% and 
non-persistence as a gap > 180 days. We defined reinitiation as the dispensing of an 
antihypertensive drug within one year following discontinuation. We provide descriptive 
statistics for different time periods and applied logistic and Cox regressions to assess 
associations with sociodemographic and drug-related factors.  
 
Results: Of 6,669 initiators, non-adherence rates in persistent patients decreased from 
11.0% in the first year to 8.5% and 7.7% in the second and third years, respectively. 
Non-persistence rates decreased from 18.0% in the first year to 3.7% and 2.9% in the 
second and third years, respectively. Of the 1,201 patients who discontinued in the first 
year, 22.0% reinitiated treatment within one year. Non-adherence and non-persistence 
rates were lower in the more recent time period. Predictors of non-adherence were 
secondary prevention (OR: 1.45; 95% CI: 1.10–1.93) and diuretics as initial drug class 
(OR: 1.37; 95% CI: 1.08–1.74). Predictors of non-persistence were female gender (HR: 
1.18; 95% CI: 1.05–1.32), older age (HR: 1.33; 95% CI: 1.08–1.63) and diuretics, beta-
blocking agents or calcium channel blockers as initial drug class. Longer duration of 
persistence was a predictor of reinitiation.  
 
Conclusions: Adherence to antihypertensive drugs in patients on oral diabetes drugs 
has improved over time. The first year after initiation is the most crucial with regard to 
non-adherence and non-persistence, and the risk groups are different for both 
processes. Early non-persistence is a risk factor for not reinitiating treatment.   
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INTRODUCTION 
Hypertension is common in patients with diabetes and contributes significantly to an 
increased risk of cardiovascular disease (CVD).1 In the Netherlands, the guideline for 
cardiovascular risk management (CVRM) recommends antihypertensive drug 
treatment for patients with type 2 diabetes and elevated blood pressure (SBP ≥ 140 
mmHg).2 Although antihypertensive drugs are effective, adherence to these drugs in 
patients with type 2 diabetes is known to be suboptimal.3 The first year of therapy has 
been identified as the highest risk period for non-adherence to and non-persistence 
with antihypertensive drugs.4,5 Early interventions to support optimal drug-taking 
behaviour is important since hypertension is an asymptomatic chronic condition that 
requires long-term treatment.1 Therefore, guidelines emphasize checking patients’ 
adherence when antihypertensive drugs have insufficient effect.2 Furthermore, as 
patient behaviour is modifiable, pharmacists and other healthcare workers require 
information to identify which patients are in need of close monitoring and early 
intervention, preferably from readily available data.  
 
Previous cohort studies showed that antihypertensive drug use is a dynamic process.6–
9 Even if the patient persistently uses the drug, non-adherence to the drug may occur.10 
Conversely, non-persistent users may reinitiate treatment.6–9 However, a major flaw of 
many studies is the lack of a clear distinction between non-adherence and non-
persistence and the failure to address reinitiation in the same population. Moreover, 
the generalizability of the previous findings to the high-risk group of patients with type 
2 diabetes – for which there has been much effort to improve the quality of care in the 
past decade – is uncertain. 
 
To develop tailored intervention, information is needed on specific predictors of these 
separate processes of drug-taking behaviour, and this is available to pharmacists in 
their dispensing records. The primary objectives of this study were to identify 
pharmacy-based predictors of non-adherence and non-persistence in the first year 
after initiation of an antihypertensive drug among patients on oral diabetes drugs, and 
to identify pharmacy-based predictors of reinitiation of antihypertensive drugs within 
one year after discontinuation among these patients. The secondary objectives were 
to describe patterns of non-adherence, non-persistence and reinitiation of 
antihypertensive drugs as discrete and dynamic processes among these patients and 
to compare these patterns across different time periods.  
 
METHODS 
We followed the Recommendations for Evaluating Compliance and Persistence with 
Hypertension Therapy using Retrospective Data11, and the Medication Adherence 
Reporting Guideline published by the European Society for Patient Adherence, 
Compliance, and Persistence (ESPACOMP).12  
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Study design and data source 
We designed an observational retrospective inception cohort study using data from the 
University of Groningen pharmacy database IADB.nl. The IADB.nl pharmacy database 
contains anonymized and coded drug-dispensing data for more than 20 years, 
collected from 60 community pharmacies in the Netherlands and covering a dynamic 
annual population of  approximately 600,000 people.13 In accordance with the Dutch 
Medical Research Involving Human Subjects Act14, ethics committee approval was 
not required because research using anonymous records in the Netherlands does not 
warrant it. 
 
Study population 
The study population consisted of patients with type 2 diabetes who initiated an 
antihypertensive drug in the study period anywhere between 1995 and 2015, and who 
were registered in the IADB.nl pharmacy database at least one year before and after 
the first prescription of the antihypertensive drug. Type 2 diabetes was defined by the 
dispensing of at least two prescriptions for a non-insulin blood-glucose lowering drug 
without or with concurrent prescriptions for insulin within one year before the index date 
for patients aged 40 years and older. Younger patients were excluded to avoid 
misclassification of a patient that did not have type 2 diabetes. The index date was 
defined as the first dispensing of a diuretic, a beta-blocking agent, a calcium channel 
blocker or an agent acting on the renin-angiotensin system, with no dispensing of any 
of these drugs in the preceding 365 days. Patients dispensed with three or more of 
these drug classes within seven days from the index date were excluded because it 
was unlikely that this referred to initiation of antihypertensive treatment. In Dutch 
outpatient care, it is not recommended to prescribe three or more drugs within seven 
days of initial treatment. Patients who initiated propranolol were excluded because this 
drug can be potentially prescribed in prophylactic treatment of migraine. Patients who 
initiated high-ceiling diuretics were excluded because this drug is often intended for 
short-term use. 
 
Outcome measures 
Adherence and persistence rates were calculated for the first, second and third years 
after initiation of an antihypertensive drug. The one-year reinitiation rate was calculated 
among those who discontinued in the first year (Figure S1). Non-adherence was 
calculated in persistent patients and defined as a medication possession ratio (MPR) 
< 80% for any antihypertensive drug. In other words, the MPR was calculated for 
patients without a gap > 180 days, and defined as the number of days’ supply divided 
by the number of days between the start of the first and the end of the last prescription 
in each year (i.e. prescription-based approach). This calculation was based on the 
taxonomy for describing and defining adherence to medications developed by Vrijens 
et al., who emphasize that non-adherence and non-persistence occur in different 
phases of the process.10 MPR was capped at 1. Fixed-dose combinations were 
counted as one drug class in the MPR calculation. Patients were considered non-
adherent if at least one antihypertensive drug had an MPR < 80%, that is, not adherent 
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to any of their antihypertensives.15 Patients were excluded from the MPR calculation 
in the years after they had become non-persistent (Figure 1). Drug switches were 
defined as the start of a new antihypertensive drug within < 180 days of the 
discontinuation (gap > 180 days) of another antihypertensive drug. In the case of a 
switch within the same drug class level (drugs with a similar mechanism of action), 
calculation of the MPR included the supply of both drugs, assuming that the individual 
drugs within the same drug class were interchangeable in terms of adherence 
calculation to multiple drugs. If a patient switched to a new drug within a drug class 
before the end of the last prescription of the previous drug, the overlapping days were 
shifted forward. We assumed that the new drug was taken after the previous drug had 
run out, since such within-class switches may be caused by reimbursement or supply 
issues. In the case of switches between drug class levels, the MPRs were calculated 
for each drug class separately as the number of days’ supply divided by the number of 
days between the start of the first prescription until the end of the last prescription.  
 
Persistence was defined as continuously refilling a prescription for any 
antihypertensive drug without a gap > 180 days since the end of the last prescription15, 
regardless of drug switches within or between drug classes or add-on drugs during 
follow-up. In the Netherlands, the average repeat prescription length for drugs used for 
chronic diseases is 90 days. A gap length of twice the prescription duration of 180 days 
was chosen to clearly distinguish patients who discontinued treatment from patients 
who used less medication than prescribed, for example because of a period of 
hospitalization.  
 
Reinitiation was defined as the dispensing of the same or a different class of 
antihypertensive drug within one year following the discontinuation. The proportion of 
patients reinitiating antihypertensives was calculated by dividing the number of patients 
who were dispensed beyond the end of the allowable maximum gap (> 180 days) by 
the number of patients who discontinued treatment. Patients were censored at the end 
of follow-up. 
 
Potential predictors of non-adherence, non-persistence and reinitiation  
The variables considered to be potential predictors of non-adherence, non-persistence 
and reinitiation included sociodemographic factors and drug-related factors that could 
be measured using a pharmacy database. The potential predictors of non-adherence 
and non-persistence were assessed at initiation of the antihypertensive drug, while 
predictors of reinitiation were assessed within a 120 day period before the 
discontinuation date. The discontinuation date was defined as the theoretical end date 
of the last prescription. For patients using more than one class of antihypertensive 
drugs, the last theoretical end date was defined as the discontinuation date, regardless 
of whether an antihypertensive drug that was used simultaneously was discontinued 
earlier.  
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The sociodemographic factors were age, gender and socioeconomic status (SES). 
SES was obtained from neighbourhood status scores on four-digit postcode level 
based on evidence from the Netherlands Institute for Social Research.16 A status score 
is an indicator comparing the social status of districts in the Netherlands, which is 
derived from a number of characteristics of the neighbourhood population (education, 
income and labour market position).17 SES was classified into two groups, high or low, 
based on whether the score was above or below the median status score. 
 
Drug-related factors included type of prevention, type of initial antihypertensive 
regimen, type of initial antihypertensive drug class, polypharmacy, drug proxies for 
conditions that may affect persistence and adherence, and type of prescriber. Type of 
prevention was defined as primary or secondary based on the prescription of a proxy 
indicating a previous cardiovascular event.18 Patients who were dispensed at least two 
prescriptions of a platelet aggregation inhibitor, organic nitrate and/or a vitamin K 
antagonist in the year before the index date were categorized as secondary prevention 
patients. All others were considered primary prevention patients. The type of initial 
antihypertensive regimen was defined as monotherapy, free combination or fixed-dose 
combinations. Free combination was defined as treatment with two drug classes 
dispensed within seven days of the index date, while fixed-dose combination was 
defined as treatment with a drug containing a fixed dose of multiple substances. 
Polypharmacy was defined as chronic concurrent prescriptions for at least five drugs, 
excluding prescriptions with ATC codes D, V, Y, Z and prescriptions without an ATC 
code.19 Chronic concurrent use was defined as dispensed for at least 90 days or at 
least two prescriptions within four months before the index date at pharmacological 
subgroup level (i.e. third level of ATC code). Drug proxies for conditions that may affect 
adherence and persistence were derived from specific drugs dispensed in the year 
before initiation (see list of drugs and ATC codes in S1 Table). Type of initial prescriber 
was classified as general practitioner or specialist. Duration of persistence for the 
reinitiation model was defined as the duration between the index date and the 
discontinuation date.   
 
Data analysis 
Patient characteristics and outcome measures were reported using descriptive 
statistics. Chi-square tests were used to assess univariate associations of 
dichotomous or nominal variables with the binary outcomes. The potential predictors 
found to be associated with the outcome at a significance level of p < 0.25 in the 
univariate analysis (Tables S2–S4) were included in the initial multivariate models. 
Since there was little missing data, we conducted complete-case analyses. Odds ratios 
(ORs) and hazard ratios (HRs) with a 95% confidence interval were obtained using 
logistic regression and Cox regression analyses respectively, with manual backward 
elimination. A sensitivity analysis was carried out for two periods of initiation of an 
antihypertensive drug. These periods were defined as before (1995–2007) or after 
(2008–2014) the implementation of an updated Dutch CVRM guideline and new 
disease management programmes which paid more attention to adherence 
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monitoring. All statistical analyses were carried out using SPSS software (version 25.0; 
IBM, Armonk, NY, USA). 
 
RESULTS 
In total, we identified 6,669 diabetes patients in the IADB.nl pharmacy database who 
initiated an antihypertensive drug between 1995 and 2015 (Table 1).  
 
Table 1. Characteristics of patients initiating an antihypertensive drug (N = 6,669) 
Characteristic Number % 
Gender   
Male 3,676 55.1 
Female 2,993 44.9 
Age, mean [SD], years 63.2 [11.3]  
Age group, years   
40–49    848 12.7 
50–59 1,741 26.1 
60–69 2,025 30.4 
70–79 1,535 23.0 
≥ 80    520   7.8 
Socioeconomic status   
High 3,248 49.5 
Low 3,310 50.5 
Missing    111  
Prevention type   
Primary prevention 6,084 91.2 
Secondary prevention    585   8.8 
Type of initial antihypertensive regimen 
Monotherapy 6,587 98.8 
Free combination      62   0.9 
Fixed-dose combination      20   0.3 
Type of initial antihypertensive class 
Diuretics  1,000 15.0 
Beta-blocking agents 1,288 19.3 
Calcium channel blockers    298   4.5 
Agents acting on renin-angiotensin system  4,083 61.2 
Polypharmacy   
Yes    755 11.3 
No 5,914 88.7 
Type of initial prescriber   
General practitioner 4,855 72.8 
Specialist    198     3.0 
Unknown 1,616 24.2 
Drug dispensed before antihypertensive initiation 
Cardiovascular comorbidity    815  43.9 
Psychiatric disorder    753 40.6 
COPD    257 13.9 
Other serious morbidity      29   1.6 
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Among these 6,669 patients, non-adherence rates in persistent patients decreased 
from 11.0% in the first year to 8.5% and 7.7% in the second and third years, 
respectively. Non-persistence rates decreased from 18.0% in the first year to 3.7% and 
2.9% in the second and third years, respectively. Of the 1,201 patients who 
discontinued the antihypertensive drug in the first year after initiation, 22.0% reinitiated 
treatment within one year following discontinuation. After the introduction of the new 
CVRM guideline and disease management programmes in 2007, non-adherence rates 
in persistent patients and non-persistence rates in the first year after initiation 
decreased from 11.8% to 9.6% (p-value: 0.012) and from 19.0% to 16.3% (p-value: 
0.006), respectively. The numbers of non-adherent and non-persistent patients and 
those who reinitiated antihypertensive drugs over three years are presented in Figure 
1.  
 

 

Figure 1. Flowchart of numbers of non-adherent and non-persistent patients and those 

who reinitiated antihypertensive drugs over three years 

 
Predictors of non-adherence were secondary prevention (OR: 1.45; 95%CI: 1.10–1.93) 
and the prescription of diuretics as initial drug class (OR: 1.37; 95%CI: 1.08–1.74) 
(Table 2). The goodness-of-fit p-value of the model was 0.963, with an R-squared value 
of 30%. The analysis of the different time periods, that is before (1995–2007) and after 
(2008–2014) the introduction of the new CVRM guideline, generally showed similar 
point estimates but not all estimates remained significant in both periods (Table S5).  
 
Predictors of non-persistence were female gender (HR: 1.18; 95%CI: 1.05–1.32), older 
age (HR: 1.33; 95%CI: 1.08–1.63) and the prescription of diuretics, beta-blocking 
agents or calcium channel blockers as initial drug class (Table 3). The goodness-of-fit 
p-value of the model was 0.368, with an R-squared value of 12.4%. Again, the analysis 
of the different time periods generally showed similar point estimates for both periods 
but not all remained significant in both periods (Table S5).  
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Table 2. Predictors of non-adherence to antihypertensive drugs in persistent patients 

in the first year after initiation 

 
Predictorsa Odds Ratiosb 

(95% CI) 
Prevention type   
Primary prevention  Reference 
Secondary prevention 1.45 (1.10–1.93) 
Type of initial antihypertensive class 
Diuretics 1.37 (1.08–1.74) 
Beta-blocking agents 1.19 (0.94–1.49) 
Calcium channel blockers  1.24 (0.80–1.91) 
Agents acting on renin-angiotensin 
system  Reference 

Note:  
a goodness-of-fit p-value: 0.963; R-squared: 30% 
b final multivariate model 
 

Table 3. Predictors of non-persistence to antihypertensive drugs in first year after 
initiation 
 
Predictorsa Hazard Ratiosb 

(95% CI) 
Gender  
Male Reference 
Female 1.18 (1.05–1.32) 
Age group, years   
40–49  1.09 (0.90–1.33) 
50–59  1.02 (0.88–1.20) 
60–69  Reference 
70–79  1.11 (0.95–1.30) 
≥ 80  1.33 (1.08–1.63) 
Type of initial antihypertensive class 
Diuretics  1.60 (1.37–1.86) 
Beta-blocking agents 1.16 (1.01–1.35) 
Calcium channel blockers  2.09 (1.69–2.59) 
Agents acting on renin-angiotensin 
system  Reference 

Note:  
a goodness-of-fit p-value: 0.368; R-squared: 12.4%  
b final multivariate model 
 
The characteristics of patients at 120 days before discontinuation are shown in Table 
S6. Longer duration of persistence (> 90 days) was a significant predictor of reinitiation 
(Table 4). The goodness-of-fit p-value of the reinitiation model was 0.342, with an R-
squared value of 29.7%. 
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Table 4. Predictors of reinitiation of antihypertensive drug among non-persistent 
patients (N = 1,201) 

 
Predictorsa  Odds Ratiosb 

(95% CI) 
Duration of persistence, days  
< 90 Reference 
91–180 3.13 (1.94–5.05) 
181–270 3.68 (2.12–6.39) 
> 270 15.68 (10.80–22.79) 

Note:  
a goodness-of-fit p-value: 0.342; R-squared: 29.7%  
b final multivariate model 
 
DISCUSSION 
Among patients on oral diabetes drugs who initiated an antihypertensive drug, both 
non-adherence rates in persistent patients and non-persistence rates decreased over 
the next three years. Non-adherence and non-persistence rates for these drugs were 
somewhat lower in the more recent time period. Among those who discontinued in the 
first year after initiation, more than one fifth reinitiated treatment within one year. 
Predictors of non-adherence included several drug-related factors, while predictors of 
non-persistence included sociodemographic and drug-related factors. Longer duration 
of persistence before discontinuation was a predictor of reinitiation. 
 
Results from previous studies indicated that the first year of therapy has the highest 
risk of non-adherence to and non-persistence with antihypertensive drugs among 
patients with or without diabetes.4,5 Our study showed that this is still the case when 
disentangling non-adherence from non-persistence by looking at non-adherence in 
persistent patients. The observed rates of non-adherence to and non-persistence with 
antihypertensive drugs were, however, lower than reported in other cohort studies 
among diabetes patients in Sweden or the US, for example.20,21 In the Netherlands, 
lower non-adherence and non-persistence rates can be expected, since patients are 
obliged to have health insurance, which covers most of the costs for prescribed 
antihypertensive drugs. A previous literature review has reported that the reduction of 
drug expenses through better insurance coverage can improve drug adherence.22 
Another reason for the low rates of non-adherence and non-persistence in the 
Netherlands might be the organization of diabetes care, supported by electronic health 
systems in pharmacies and general practices, which helps to monitor chronic drug 
use.23 This may be supported by our finding that the rates were lower after the 
implementation of new treatment guidelines and related disease management 
programmes. The Dutch national multidisciplinary guideline for cardiovascular risk 
management published in 2011 emphasized the importance of monitoring patient 
adherence to treatment.24 Furthermore, the relatively low non-adherence rates in our 
study can in part be explained by our exclusion of non-persistent patients from the 
adherence calculation, which was similar to what we found in our previous study 
assessing non-adherence to statins.23 The non-persistence rates in our study are in 
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part driven by using a > 180 day gap definition for all antihypertensive drugs, which 
takes multiple drug use into account. A gap > 180 days is a relatively long period 
compared to that used in some of the other studies assessing non-persistence to 
antihypertensive drugs, either as multiple drugs or individual drugs, among diabetes21 
or non-diabetes patients.25,26 Shorter gap lengths lead to higher discontinuation rates 
as they also include non-adherent patients, that is, patients who only used some, or 
needed less, of the drug than prescribed in the study period. Furthermore, we defined 
non-persistence as the discontinuation of all antihypertensive drugs, thereby taking 
drug switches into account. Therefore, we are certain that patients completely 
discontinued all antihypertensive drugs and that we did not misclassify patients who 
discontinued the initial drug but started or continued another antihypertensive drug.  
 
We did not find previous studies reporting on reinitiation rates of antihypertensives in 
a high-risk population such as patients with diabetes. The reinitiation rate observed in 
our study was higher than that reported among a general group of new users of 
antihypertensive drugs in the Netherlands.6 The latter study found that those patients 
who also used diabetes drugs at discontinuation – around 7% of the study population 
– were more likely to reinitiate antihypertensive treatment. Nevertheless, our study 
showed that the reinitiation rate in patients with diabetes was still low, considering that 
most of these patients initiating antihypertensive drugs are in need of chronic 
treatment. Nevertheless, some of the patients who did not reinitiate treatment in our 
study may not have needed continuous use of antihypertensive drugs. It should be 
noted that some of the patients who discontinued their antihypertensive drug within 90 
days after initiation used low-ceiling diuretics (12.9%), which may have been intended 
for short-term use. 
 
Looking at persistent patients, we observed that those who initiated diuretics were 
more likely to become non-adherent than those initiating agents acting on the renin-
angiotensin system. This is in line with previous studies assessing non-adherence in 
patients with or without diabetes.25,27–29 The difference in non-adherence by drug class 
can in part be explained by differences in dosing frequency.21 Furthermore, we found 
that secondary prevention patients were more likely to become non-adherent than 
primary prevention patients. This result is contrary to a previous meta-analysis which 
showed that secondary prevention patients are more likely to be adherent to 
antihypertensive drugs.30 However, patients on oral diabetes drugs were not included 
in that study, which might explain the difference in the findings. In our study, patients 
on oral diabetes drugs in need of secondary prevention were more likely polypharmacy 
patients (23.0%) compared to those in the primary prevention group (9.9%). 
Polypharmacy is a known factor associated with lower adherence.31   
 
In our study, female patients were more likely to become non-persistent, while older 
age was also associated with more non-persistence, which is in line with a previous 
study assessing non-persistence with antihypertensive drugs among patients 
previously diagnosed with diabetes.32 This could be due to the experience of more 
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adverse effects. Female patients have reported higher rates of adverse events than 
males when using antihypertensive drugs.9 In older patients, changes in drug 
metabolism may lower tolerance and increase the risk of side effects.33 Patients 
initiating diuretics, beta-blocking agents or calcium channel blockers were more likely 
to become non-persistent than those initiating agents acting on the renin-angiotensin 
system. The difference in non-persistence by drug class may partially be explained by 
differences in drug tolerability34, dosing frequency21 and patient perception of side 
effects.21,34 It should be noted that the prescription of these drugs as initial treatment 
is likely to decrease, given current recommendations to start with ARBs or ACEI in 
patients with diabetes. 
 
Finally, we observed that patients with longer duration of persistence (> 90 days) 
before discontinuation were more likely to reinitiate antihypertensive drug treatment. 
Patients who reinitiated antihypertensive drug treatment were more likely to establish 
good drug-taking behaviour before discontinuation.6 Overall, some factors were not 
associated with any aspect of drug-taking behaviour, in contrast to previous studies. In 
particular, socioeconomic status was not a predictor of non-adherence, non-
persistence or reinitiation. This can be explained by the health insurance coverage of 
prescribed antihypertensive drugs in the Netherlands. 
 
One strength of this study is the distinction we made between the dynamic process of 
non-adherence, non-persistence and reinitiation. This allowed us to identify specific 
predictors of these separate processes of drug-taking behaviour, which can be used 
to develop a tailored intervention. We also used adequate measures to assess non-
adherence to any antihypertensive drug and non-persistence to all antihypertensive 
drugs, which considered multiple drugs used and drug switches.15 Thus, we did not 
overestimate non-adherence or non-persistence when patients switched to another 
class of antihypertensive drugs. Furthermore, our use of a pharmacy database with 
good ascertainment of drug coverage is a strong point. This database has 
comprehensive information on all drugs dispensed in the population covered, since 
patients in the Netherlands usually collect all their medication from one pharmacy, 
where they are also registered. In addition, the advantage of using a pharmacy 
database is its provision of objective measurement, which is not biased by selection of 
patients. Information bias was also not likely to occur because this study indirectly 
assessed the medication used in the study population.  
 
Some limitations need to be mentioned. Assessment of non-adherence and non-
persistence based on drug dispensing is likely to underestimate true rates, since 
patients may not take all the drugs they collect at the pharmacy. Moreover, we could 
not correct for patients who may have been treated in hospitals or nursing homes for 
longer periods, which can also lead to overestimations. However, we chose a relatively 
long gap of 180 days to clearly distinguish patients who discontinued treatment from 
patients who were taking or needed fewer drugs than prescribed. We defined patients 
with type 2 diabetes based on the dispensing of at least two prescriptions for oral 
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diabetes drugs. Patients only receiving insulin were thereby excluded, which might 
have resulted in the elimination of some patients with advanced type 2 diabetes. It is 
possible that some patients had a diagnosis other than hypertension. However, a 
previous study showed that antihypertensive drugs are mostly used for those 
diagnosed with hypertension.35 Only about 20% of these drugs are used for angina 
pectoris, myocardial infarction or heart failure, and less than 1% for other indications, 
such as oedema.35  
 
In addition, we excluded patients based on their use of specific medication that may 
be indicative of other diseases. We also lacked information to identify the role of the 
prescriber in discontinuation and reinitiation. The overall prediction of our non-
persistence model was relatively low, indicating that there are other predictors which 
are not identifiable using a pharmacy database. Our use of a proxy to define prevention 
status could also lead to some misclassification. The proxy used in our study showed 
a sensitivity of 85% and a specificity of 75% in identifying patients with a history of 
major CVD.18 Although this is rather low from a diagnostic perspective, the use of drug 
proxies is still useful to identify patients who may be less adherent to their medication. 
A small number of patients (0.9%) switched to other antihypertensive drug classes that 
were not included in our study.  
 
In addition, we only included patients over 40 years of age, which might underestimate 
the number of patients with type 2 diabetes in the Netherlands. However, it has been 
reported that the number of type 2 diabetes patients who are younger than 40 is less 
than 1%.36 Thus, it is expected that including younger age would not significantly 
influence our results. No causal inferences can be made regarding the introduction of 
the new guidelines and disease management programmes when comparing time 
periods.  
 
Our findings highlight the need for pharmacists and other healthcare workers to monitor 
patients closely during the first year after initiation. Interventions should be tailored to 
different subgroups, since the predictors of non-adherence and non-persistence are 
not the same. Reasons for non-adherence may include forgetfulness, lack of 
understanding the medication regimen, and problems with taking the drugs.37,38 
Reasons for non-persistence may be due to other factors, such as low necessity or 
high concerns beliefs.39 Based on our study, we suggest that pharmacists and other 
healthcare workers need to provide strategies to cope with forgetfulness, including 
reminder or habit-based strategies as well as providing additional information to 
improve adherence in secondary prevention patients and those initiating diuretics. In 
addition, they need to support older patients and those initiating beta-blocking agents 
or calcium channel blockers in the persistent use of their drugs by reducing any high 
level concerns or low level necessity beliefs using motivational interviewing. In 
particular, more attention needs to be paid to patients who discontinue treatment after 
> 90 days without switching to another antihypertensive. When this concerns 
antihypertensives other than diuretics, patients are likely to be in need of chronic 
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treatment. It is recommended that future studies assess the effect of individual 
antihypertensive drugs and their dosages in addition to class level effects on drug-
taking behaviour. Moreover, it may be of value to study the effect of other drugs used 
by patients with diabetes on their antihypertensive drug-taking behaviour. 
 
CONCLUSIONS 
Adherence to and persistence with antihypertensive drugs in patients on oral diabetes 
drugs has improved over time but remains suboptimal. The first year after initiation is 
the most crucial with regard to non-adherence and non-persistence. Since only one 
fifth of all patients reinitiated treatment within one year after discontinuation, more 
attention should be paid to these patients during this period. Interventions should be 
tailored, since the predictors of non-adherence, non-persistence and reinitiation are 
not the same. 
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SUPPLEMENTARY DATA 
 
 

 
Figure S1. Definition of adherent, non-persistent, and reinitiation 
 
 
 
Table S1. List of drugs with ATC code 

No Drugs ATC code 
1 Non-insulin blood glucose-lowering drug A10B 
2 Diuretics C03 
3 Beta blocking agents C07 
4 Calcium channel blockers C08 
5 Agents acting on the renin-angiotensin system C09 
6 Propranolol  C07AA05 
7 High-ceiling diuretics C03C 
8 Platelet aggregation inhibitors B01AC 
9 Organic nitrates C01DA 
10 Vitamin K antagonists B01AA 
11 FDC enalapril and diuretics C09BA02 
12 Antithrombotic agents B01 excluding B01AC and B01AA 
13 Cardiac therapy C01 excluding C01DA 
14 Lipid modifying agents C10 
15 Antipsychotics N05A 
16 Anxiolytics N05B 
17 Hypnotics and sedatives N05C 
18 Antidepressants N06A 
19 Glucocorticoids R03BA 
20 Anticholinergics R03BB 
21 Selective beta-2-adrenoreceptor agonists R03AC 
22 Xanthines R03DA 
23 Antineoplastic agents L01 
24 Immunostimulants L03 
25 Immunosuppressants L04 

Abbreviations: ATC = Anatomical Therapeutic Chemical; FDC = Fixed-dose combination 
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Table S2. Univariate associations with non-adherence to antihypertensive drugs in 
persistent patients (N = 5,468) 
 

Potential predictors Adherence 
N (%) 

Non-adherence 
N (%) 

P value 

Gender (N)   0.270  
Male (3,068) 2,717 (55.8) 351 (58.2)  
Female (2,400) 2,148 (44.2) 252 (41.8)   
Age group, years (N)     
40–49 (695) 611 (12.6) 84 (13.9) 0.791 
50–59 (1,453) 1,287 (26.5) 166 (27.5)   
60–69 (1,681) 1,502 (30.9) 179 (29.7)   
70–79 (1,243) 1,109 (22.8) 134 (22.2)   
≥ 80 (396) 356 (7.3) 40 (6.6)   
Socioeconomic status (N)   0.699 
High (2,683) 2,391 (50.0) 292 (49.2)  
Low (2,693) 2,391 (50.0) 302 (50.8)  
Missing (92)    
Prevention type (N)    
Primary prevention (4,986) 4,457 (91.6) 529 (87.7) 0.002* 
Secondary prevention (482) 408 (8.4) 74 (12.3)   
Type of initial antihypertensive regimen (N)  0.447 
Monotherapy (5,395) 4,803 (98.7) 592 (98.2)  
Free combination (55) 46 (0.9) 9 (1.5)  
Fixed-dose combination (18) 16 (0.3) 2 (0.3)  
Type of initial antihypertensive class (N)  0.014*  
Diuretics (760) 660 (13.6) 100 (16.6)   
Beta-blocking agents (1,000) 874 (18.0) 126 (20.9)   
Calcium channel blockers (199) 173 (3.6) 26 (4.3)   
Agents acting on renin-angiotensin 
system (3,509) 3,158 (64.9) 351 (58.2)  
Polypharmacy (N)   0.128* 
Yes (607) 529 (10.9) 78 (12.9)  
No (4,861) 4,336 (89.1) 525 (87.1)  
Type of initial prescriber (N)   0.764 
General practitioner (3,994) 3,561 (73.2) 433 (71.8)  
Specialist (161) 142 (2.9) 19 (3.2)  
Unknown (1,313) 1,162 (23.9) 151 (25.0)  
Drug dispensed before antihypertensive initiation (N)   
Cardiovascular disease (690) 626 (12.9) 64 (10.6) 0.116* 
Psychiatric disorder (601) 535 (11.0) 66 (10.9) 0.969 
COPD (206) 180 (3.7) 26 (4.3) 0.457 
Serious morbidity (23) 18 (0.4) 5 (0.8) 0.100* 

Abbreviations: COPD: chronic obstructive pulmonary disease; * included in initial multivariate model 
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Table S3. Univariate associations with non-persistence to antihypertensive drug (N = 
6,669) 
Potential predictors Persistence 

N (%) 
Non-persistence 

N (%) 
P value 

Gender (N)    
Male (3,676) 3,068 (56.1) 608 (50.6) 0.001* 
Female (2,993) 2,400 (43.9) 593 (49.4)  
Age group, years (N)    
40–49 (848) 695 (12.7) 153 (12.7) 0.002* 
50–59 (1,741) 1,453 (26.6) 288 (24.0)  
60–69 (2,025) 1,681 (30.7) 344 (28.6)  
70–79 (1,535) 1,243 (22.7) 292 (24.3)  
≥ 80 (520) 396 (7.2) 124 (10.3)  
Socioeconomic status (N)   0.201* 
High (3,248) 2,682 (49.9) 566 (47.8)  
Low (3,310) 2,693 (50.1) 617 (52.2)  
Missing (111)    
Prevention type (N)    
Primary prevention (6,084) 4,986 (91.2) 1,098 (91.4) 0.791 
Secondary prevention (585) 482 (8.8) 103 (8.6)  
Type of initial antihypertensive regimen   0.247* 
Monotherapy (6,587) 5,395 (98.7) 1,192 (99.3)  
Free combination (62) 55 (1.0) 7 (0.6)  
Fixed-dose combination (20) 18 (0.3) 2 (0.2)  
Type of initial antihypertensive class (N)   <0.001* 
Diuretics (1,000) 760 (13.9) 240 (20.0)  
Beta-blocking agents (1,288) 1,000 (18.3) 288 (24.0)  
Calcium channel blockers (298) 199 (3.6) 99 (8.2)  
Agents acting on renin-angiotensin system 
(4,083) 3,509 (64.2) 574 (47.8)  
Polypharmacy (N)   0.226* 
Yes (755) 607 (11.1) 148 (12.3)  
No (5,914) 4,861 (88.9) 1,053 (87.7)  
Type of initial prescriber (N)   0.634 
General practitioner (4,855) 3,994 (73.0) 861 (71.7)  
Specialist (198) 161 (2.9) 37 (3.1)  
Unknown (1,616) 1,313 (24.0) 303 (25.2)  
Drug dispensed before antihypertensive initiation (N)   
Cardiovascular disease (815) 690 (12.6) 125 (10.4) 0.034* 
Psychiatric disorder (753) 601 (11.0) 152 (12.7) 0.099* 
COPD (257) 206 (3.8) 51 (4.2) 0.435 
Serious morbidity (29) 23 (0.4) 6 (0.5) 0.707 

Abbreviations: COPD: chronic obstructive pulmonary disease; * included in initial multivariate model 
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Table S4. Univariate associations of characteristic at discontinuation with reinitiation 
to antihypertensive drug (N = 1,201) 

Potential predictors Reinitiate 
N (%) 

No reinitiate 
N (%) 

P value 

Gender (N)   0.420 
Male (608) 142 (52.8) 466 (50.0)  
Female (593) 127 (47.2) 466 (50.0)   
Age group, years (N)     
40–49 (144) 32 (11.9) 112 (12.0) 0.999 
50–59 (283) 63 (23.4) 220 (23.6)   
60–69 (339) 77 (28.6) 262 (28.1)   
70–79 (296) 67 (24.9) 229 (24.6)   
≥ 80 (139) 30 (11.2) 109 (11.7)   
Socioeconomic status (N)   0.391 
High (590) 127 (47.6) 463 (50.5)  
Low (593) 140 (52.4) 453 (49.5)  
Missing (18)    
Type of antihypertensive class (N)  0.352 
Diuretics (240) 55 (20.4) 185 (19.8)   
Beta-blocking agents (288) 57 (21.2) 231 (24.8)   
Calcium channel blockers (99) 18 (6.7) 81 (8.7)   
Agents acting on renin-angiotensin 
system (574) 139 (51.7) 435 (46.7)  
Polypharmacy (N)   0.272 
Yes (280) 56 (20.8) 224 (24.0  
No (921) 213 (79.2) 708 (76.0)  
Type of prescriber (N)   0.108* 
General practitioner (861) 185 (68.8) 676 (72.5)  
Specialist (37) 5 (1.9) 32 (3.4)  
Unknown (303) 79 (29.4) 224 (24.0)  
Duration of persistence, days (N)   <0.001* 
< 90 (640) 48 (17.8) 592 (63.5)  
91–180 (168) 34 (12.6) 134 (14.4)  
181–270 (100) 23 (8.6) 77 (8.3)  
>270 (293) 164 (61.0) 129 (13.8)  

Note: * included in initial multivariate model 
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Table S5. Sensitivity analysis of predictors of non-adherence in persistent patients 
and non-persistence based on period of initiation of antihypertensive drug 

Predictors 

Non-adherence in persistent patients Non-persistence 
Odds Ratio (OR) (95% CI) Hazard Ratio (HR) (95% CI) 

1995–2007  
(N = 3,453) 

2008–2014  
(N = 2,015) 

1995–2007  
(N = 4,262) 

2008–2014  
(N = 2,407) 

Rate in first year (%) 11.8 (n = 409)  9.6 (n = 194) 19.0 (n = 809)  16.3 (n = 392) 

Gender     

Male - - Reference Reference 

Female - - 1.06 (0.92–1.22) 1.39 (1.14–1.70) 

Age group, years     

40–49  - - 1.03 (0.81–1.32) 1.19 (0.88–1.62) 

50–59  - - 1.08 (0.89–1.31) 0.93 (0.71–1.21) 

60–69  - - Reference Reference 

70–79  - - 1.13 (0.93–1.36) 1.02 (0.77–1.36) 

≥ 80  - - 1.23 (0.96–1.57) 1.49 (1.02–2.19) 

Prevention type      

Primary prevention  Reference Reference - - 

Secondary prevention  1.36 (0.96–1.94) 1.71 (1.05–2.78) - - 

Type of initial antihypertensive class    

Diuretics 1.68 (1.26–2.25) 1.07 (0.69–1.64) 1.82 (1.52–2.19) 1.29 (0.99–1.70) 

Beta-blocking agents 1.03 (0.77–1.37) 1.47 (0.99–2.19) 1.11 (0.93–1.33) 1.25 (0.97–1.61) 

Calcium channel 

blockers 
1.15 (0.69–1.92) 1.82 (0.79–4.16) 1.87 (1.44–2.44) 2.56 (1.77–3.69) 

Agents acting on renin-

angiotensin system 
Reference Reference Reference Reference 
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Table S6. Characteristics of patients at 120 days before discontinuation* (N = 1,201) 
 
Characteristic Number % 
Gender   
Male 608 50.6 
Female 593 49.4 
Age, mean [SD], years 64.3 [12.0]  
Age group, years   
40–49 144 12.0 
50–59 283 23.6 
60–69 339 28.2 
70–79 296 24.6 
≥ 80 139 11.6 
Socioeconomic status   
High 593 50.1 
Low 590 49.9 
Missing   18  
Type of antihypertensive class 
Diuretics  240 20.0 
Beta-blocking agents  288 24.0 
Calcium channel blockers   99   8.2 
Agents acting on renin-angiotensin system  574 47.8 
Polypharmacy   
Yes 280 23.3 
No 921 76.7 
Type of prescriber   
General practitioner 861 71.7 
Specialist   37   3.1 
Unknown 303 25.2 
Duration of persistence, days   
< 90 640 53.3 
91–180 168 14.0 
181–270 100   8.3 
> 270 293 24.4 

Abbreviations: SD: standard deviation  

Note: *the theoretical end date of the last prescription 
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