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Abstract: We studied the role of adherence to antihypertensive drug therapy (AHT) in blood pressure
(BP) control in a type 2 diabetes (T2D) population treated in secondary care in the DIAbetes and
LifEstyle Cohort Twente-1 (DIALECT-1). In addition, intensification of AHT was assessed. Adherence
was determined by using the medication possession ratio (MPR), calculated with pharmacy dispens-
ing data for a period of two years following baseline. Adherence was defined as an MPR ≥ 80%.
The proportion of adherent patients was compared between patients who had BP-on target (BP-OT)
and BP-not on target (BP-NOT). Of the 385 patients included, 56% achieved their BP target. The
proportion of adherent patients did not differ between BP-OT and BP-NOT (96% vs. 96%; p = 0.91).
Intensification of AHT, including ‘increase in dosage’ and ‘start of a new drug’, was assessed in
the two years following baseline. In only 37% of patients with uncontrolled BP during follow-up
was AHT intensified. To conclude, adherence to AHT was high and there does not seem to be a
relationship between adherence and BP control. There is an opportunity to improve AHT in patients
who do not reach their BP target.

Keywords: diabetes mellitus type 2; antihypertensive drugs; medication adherence; medication
possession ratio; blood pressure targets; clinical inertia

1. Introduction

Type 2 diabetes (T2D) was responsible for an estimated 1.5 million deaths worldwide
in 2019 [1] and is a major risk factor for cardiovascular disease [2]. In patients with T2D,
hypertension is a common comorbidity, and is associated with a 57% increase for the
risk of any cardiovascular event [3]. However, about half of patients with diabetes fail
to achieve blood pressure (BP) targets [4]; meanwhile, achievement of this target could
prevent occurrence of cardiovascular events such as myocardial infarction, heart failure and
stroke [3]. After excluding white-coat hypertension, true treatment-resistant hypertension
is uncommon and estimated at 8% of patients [5]. It is of vital importance to explore
why treatment targets are not reached, because only then can BP treatment be improved
effectively. Clinical inertia, defined as the failure of health care providers to initiate or
intensify therapy when indicated [6], is identified as a major problem in the management
of hypertension [7]. Previously, we reported that suboptimal treatment regimens and
non-adherence to lifestyle recommendations such as sodium restriction (≤6 g/day) play
an important role in uncontrolled BP [4]. Inadequate adherence to antihypertensive drugs
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may be an important contributor to not achieving the target BP, as shown by Burnier et al. [8].
Adherence to antihypertensive drugs is typically reported to be less than 50% [9,10]. How-
ever, we previously demonstrated in patients with T2D treated in secondary care in the
Netherlands that adherence, at least to statins, was much higher (89%) [11] than reported
in other populations (18–79%) [12]. It is unknown whether adherence to antihypertensive
drugs in our population is also higher than reported elsewhere. In addition, adherence to
antihypertensive drugs and other possible causes for uncontrolled BP such as suboptimal
treatment regimens are often investigated separately. Adherence rates among studies differ
due to differences in the study populations [13]. Adherence rates [14] and prescription
patterns for antihypertensive drugs [15] are also dependent on the country where the
study is performed. This makes it challenging to draw conclusions on the major cause of
uncontrolled BP in a particular population and to identify the best target for improving
BP treatment.

Therefore, we aim to assess the role of both adherence to antihypertensive drugs and
clinical inertia in blood pressure control.

2. Results
2.1. Patient Inclusion

We included 385 of the 435 patients in DIALECT-1 for analyses. Reasons for exclusion
were “no updated informed consent for collecting pharmacy data available” (n = 12), “no
pharmacy data available” (n = 19), “no baseline BP measurement available” (n = 14) and “no
BP target determination possible due to unknown albuminuria status at baseline” (n = 5).
Pharmacy data were not available for some patients because their pharmacies refused to
cooperate. Baseline BP measurements were not available for some patients due to technical
problems during the BP measurement.

2.2. Descriptive Data

Mean age was 63 ± 9 years and 58% of patients were men (Table 1). Mean duration
of diabetes on baseline was 13 ± 9 years. Mean systolic BP was 136 ± 15 mmHg and
mean diastolic BP was 74 ± 9 mmHg. The majority (59%) of patients had a BP target
< 140/85 mmHg. In total, 56% of patients had BP-OT and 44% BP-NOT. Significantly
more patients used a calcium antagonist in BP-NOT compared to BP-OT (28% vs. 19%,
p = 0.04). Moreover, significant differences (p < 0.001) in BP target distribution were seen
between BP-OT and BP-NOT (BP < 140/85 mmHg 67% vs. 49%, BP ≤ 140/90 mmHg 16%
vs. 6% and BP ≤ 130/80 17% vs. 46%, respectively). The proportion of patients using an
automated medication dispensing system was not different (6% vs. 10%, p = 0.14) between
BP-OT and BP-NOT. In BP-NOT, 17% of patients did not use any antihypertensive drug.

Table 1. Baseline characteristics divided by achievement of blood pressure target at baseline.

Total Population BP-OT BP-NOT p

Patients 385 216 (56.1) 169 (43.9)
Age, years 63 ± 9 63 ± 9 63 ± 9 0.31
Male sex 224 (58.2) 118 (54.6) 106 (62.7) 0.11

Years of diabetes 13 ± 9 12 ± 9 13 ± 8 0.31
HbA1c, mmol/mol 57 ± 11 56 ± 11 58 ± 12 0.12

Total number of chronic drugs 7.0 ± 2.7 6.9 ± 2.6 7.0 ± 2.9 0.78
Automated medication dispensing system 28 (7.3) 12 (5.6) 16 (9.5) 0.14

BMI ≥ 30 kg/m2 242 (67.8) 136 (67.7) 106 (67.9) 0.95
eGFR < 60 mL/min 93 (24.2) 45 (20.8) 48 (28.4) 0.09

BP target <0.001
BP < 140/85 mmHg 226 (58.7) 144 (66.7) 82 (48.5)
BP ≤ 140/90 mmHg 45 (11.7) 35 (16.2) 10 (5.9)
BP ≤ 130/80 mmHg 114 (29.6) 37 (17.1) 77 (45.6)
Systolic BP, mmHg 136 ± 15 126 ± 9 148 ± 12 <0.001
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Table 1. Cont.

Total Population BP-OT BP-NOT p

Diastolic BP, mmHg 74 ± 9 70 ± 7 80 ± 8 <0.001
MAP, mmHg 95 ± 10 89 ± 7 102 ± 8 <0.001

Antihypertensive drug use 324 (84.2) 184 (85.2) 140 (82.8) 0.53
ACEis 113 (29.4) 64 (29.6) 49 (29.0) 0.89
ARBs 163 (42.4) 88 (40.7) 75 (44.6) 0.44

Beta-blockers 189 (49.1) 111 (51.4) 78 (46.2) 0.31
Thiazide diuretics 139 (36.1) 70 (32.4) 69 (40.8) 0.09

Calcium antagonists 90 (23.4) 42 (19.4) 48 (28.4) 0.04
Loop diuretics 69 (17.9) 41 (19.0) 28 (16.6) 0.54

Potassium sparing diuretics 1 40 (10.4) 21 (9.7) 19 (11.2) 0.63
Other antihypertensive drugs 2 32 (8.3) 17 (7.9) 15 (8.9) 0.72

Number of antihypertensive drugs 2.1 ± 1.4 2.1 ± 1.4 2.2 ± 1.5 0.46
No antihypertensive therapy 61 (15.8) 32 (14.8) 29 (17.2) 0.53

1 drug 80 (20.8) 47 (21.8) 33 (19.5)
2 drugs 88 (22.9) 55 (25.5) 33 (19.5)
3 drugs 84 (21.8) 47 (21.8) 37 (21.9)
4 drugs 55 (14.3) 27 (12.5) 28 (16.6)

5 or more drugs 17 (4.4) 8 (3.7) 9 (5.3)

Data are presented as n (%) or mean ± SD for nominal and normally distributed data, respectively. 1 Including
spironolactone. 2 Consists mainly of chlortalidone, indapamide, doxazosin, and aliskiren. BP: blood pressure;
BP-OT: Blood Pressure-On Target; BP-NOT: Blood Pressure-Not On Target; BMI: body mass index; MAP: mean
arterial pressure; ACEi: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker.

2.3. Adherence and Baseline BP

In total, 334 out of 385 (87%) patients were prescribed one or more antihypertensive
drugs (Table 2). In those patients, 96% was adherent (MPR ≥ 80). There was no difference
in the proportion of patients adherent between BP-OT and BP-NOT (96% vs. 96%, p = 0.91).
Mean MPR rate was 99 ± 9% in BP-OT and 100 ± 10% in BP-NOT (p = 0.13). An MPR > 100%
was seen in 41% of patients in BP-OT and in 50% of patients in BP-NOT. The difference
between these groups was not significant (p = 0.10). In the sensitivity analysis, in which
patients with an automated medication dispensing system were excluded, no significant
difference in the proportion of adherent patients (95% vs. 96%, p = 0.98) was seen between
BP-OT and BP-NOT. In the secondary analysis, in which follow-up BP measurements were
used to divide patients in BP-OT and BP-NOT, there also did not seem to be a difference
between the proportion of adherent patients (95% vs. 95%) in BP-OT and BP-NOT.

Table 2. Adherence by BP control.

Primary Analysis: Baseline BP Measurements

Total Population BP-OT BP-NOT p

Patients 334 186 (55.7) 148 (44.3)

Adherent (MPR ≥ 80%) 320 (95.8) 178 (95.7) 142 (95.9) 0.91

MPR > 100% 150 (44.9) 76 (40.9) 74 (50.0) 0.10

Sensitivity analysis: excluding patients with an automated dispensing system

Patients 308 175 (56.8) 133 (43.2)

Adherent (MPR ≥ 80%) 294 (95.5) 167 (95.4) 127 (95.5) 0.98

Secondary analysis: follow-up BP measurements

Patients 176 61 (34.7) 115 (65.3)

Adherent (MPR ≥ 80%) 167 (94.9) 58 (95.1) 109 (94.8) *

Values are numbers (percentages). MPR: medication possession ratio; BP-OT: Blood Pressure-On Target; BP-NOT:
Blood Pressure-Not On Target. * Not possible to calculate significance because of an expected count less than 5 in
1 cell.
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2.4. Adherence to Individual Antihypertensive Drug Classes

Adherence to individual antihypertensive drug classes was invariably high: The
proportion of adherent patients was about 95% (Figure 1). The lowest adherence was seen
for loop diuretics (90%).
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Figure 1. Adherence in individual different antihypertensive drug classes. ACEi: angiotensin
converting enzyme inhibitor; ARB: angiotensin receptor blocker.

2.5. Intensification of Antihypertensive Drug Therapy and BP Course

Two or more follow-up BP measurements after baseline were available for 202 patients.
The mean number of available follow-up BP measurements per patient was 6 ± 3. The mean
number of BP measurements NOT was 3 ± 3. Of the 202 patients, 126 (62%) patients had
two or more follow-up BP measurements NOT (BP-NOT) consecutively in the two years
following baseline, of which 60 (48%) patients had BP-OT and 66 (52%) patients had BP-
NOT at baseline. The proportion of patients with ‘any intensification’ during follow-up
was significantly higher in BP-NOT compared to BP-OT (37% vs. 21%, p = 0.02), see Table 3.
The proportion of patients with an ’increase in dosage’ (20% vs. 8%, p = 0.02) and ‘start of a
new antihypertensive drug’ (25% vs. 17%, p = 0.21) was higher in BP-NOT compared to
BP-OT but the difference only reached statistical significance for ‘increase in dosage’.

Table 3. Intensification of antihypertensive drug therapy.

Total Population BP-OT BP-NOT p

Patients 202 76 (37.6) 126 (62.4)
Any intensification 62 (30.7) 16 (21.1) 46 (36.5) 0.02
Start of a new drug 44 (21.8) 13 (17.1) 31 (24.6) 0.21
Increase in dosage 31 (15.3) 6 (7.9) 25 (19.8) 0.02

Values are numbers (percentages). BP-NOT: Blood Pressure-Not On Target; BP-OT: Blood Pressure-On Target.

2.6. Uncontrolled BP and Role of Adherence and Clinical Inertia

To obtain an overview of potential causes for uncontrolled BP in our study population,
we provided an overview of the proportion of patients with BP-NOT, according to baseline
BP, who were non-adherent (4%) and the proportion of patients with BP-NOT, according
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to follow-up BP data, who did not have intensification of AHT (63%) during follow-
up (Figure 2).
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Figure 2. Potential causes of uncontrolled BP.

3. Discussion

We analyzed whether low adherence to antihypertensive drug therapy plays a role
in suboptimal blood pressure control in a T2D population treated in secondary care. We
found that patient adherence to antihypertensive drugs was very high for all types of
antihypertensive drugs. Nevertheless, the BP target was not achieved in 44% of patients. As
adherence is also very high in BP-NOT, adherence to antihypertensive drug therapy in this
cohort is not a major factor that determines the success of blood pressure control. In contrast,
clinical inertia possibly contributes to the failure of achieving blood pressure targets.

The proportion of patients that did not reach their BP target in our population (44%)
is comparable to the literature, demonstrating that approximately 50% of patients have
uncontrolled BP [3,16]. In contrast, adherence found in our study was markedly higher
compared to most of the literature. A meta-analysis in high-income countries that assessed
adherence to antihypertensive drugs, based on pharmacy prescription refill data, in hyper-
tensive patients receiving AHT for primary prevention of coronary heart disease found
an adherence of 50% [17]. The mean adherence ranged from 42% for diuretics to 61%
for ARBs [17]. On the other hand, adherence rates ranging from 73% to 90% have also
been reported in a study in which MPR was calculated from a nationwide database in the
United States [18]. The high adherence found in our study is in line with previous research
in DIALECT-1 where a high proportion (89%) of patients was found to be adherent to
statins [11]. An explanation for the high adherence in our study can be found in previous
studies demonstrating that both the presence of diabetes [19], and treatment by an internist
were associated with higher adherence [20]. Furthermore, long-standing hypertension
is an independent predictor of higher adherence [14]. As the patients in our population
complied with those three characteristics, this might explain why adherence was very
high. In addition, we hypothesize that patients treated in secondary care feel a greater
inclination to adhere to instructions as they have more comorbidities such as kidney failure,
or cardiovascular disease, compared to patients treated in primary care. For example, in our
study, 30% of patients already had albuminuria, a serious consequence of diabetes. Another
reason for the high adherence in this study could be the well-organized pharmacy services
in the Netherlands, where pharmacies make use of proactive medication deliveries. The
MPR method used possibly contributes to high adherence rates because this method uses a
cut-off value of ≥80%. Every patient with an MPR ≥80% was considered to be adherent.
Moreover, 28 patients had an automated medication dispensing system and thus had an
MPR of 100% because they automatically receive their medication. When we performed



Pharmacoepidemiology 2023, 2 312

our analysis excluding patients with an automated medication dispensing system, this did
not influence the results.

A slightly lower adherence was seen for loop diuretics compared to other antihyper-
tensive drug classes. The meta-analysis of Kronish et al. also found a lower adherence for
loop diuretics [21]. This could be due to the fact that the official pharmacy prescription for
diuretics often contains a fixed dose, whereas in reality patients are sometimes instructed
to only take these drugs when necessary, for example after weight gain due to edema.
Another explanation could be the side effects of loop diuretics, e.g., polyuria.

It is notable that in the BP-NOT group, there was a higher proportion of patients who
had a more challenging BP target ≤130/80 mmHg (BP target for patients with albuminuria).
Because the target BP is more stringent, it is more difficult for patients with albuminuria to
achieve their target.

The large number of patients who are not prescribed any antihypertensive drug at
baseline in BP-NOT is notable, and raises concern, given the well-known relationship
between antihypertensive therapy, BP reduction and cardiovascular risk reduction [22,23].
A possible explanation for not starting AHT could be the fact that patients in DIALECT-1
already use an average of seven drugs per day and may be reluctant about increasing
the number of drugs that they use. T2D patients use many drugs because the treatment
of diabetes consists not only of BP control but also of glycemic control and treatment of
dyslipidemia. It is unlikely that a strict indication for AHT was missed by the physician as
the DIALECT population consist of patients with a high risk of cardiovascular diseases and
physicians are aware of the importance of achieving BP targets to lower this risk.

During follow-up, AHT was intensified in 37% of patients with BP-NOT. This demon-
strates that physicians are paying attention to optimizing AHT in our study. However, there
is still a large number of patients with BP-NOT in whom AHT was not intensified. Clinical
inertia is a well-known problem in hypertension management [24] and also in the manage-
ment of T2D [25]. A Dutch study found a much higher clinical inertia rate, compared to
our study, of 87% in uncontrolled hypertensive patients with one or two antihypertensive
drugs treated in primary care [26]. They also found that diabetes and a BP measurement
just above target were associated with clinical inertia. A study in patients with diabetes and
inadequate glycemic control showed that intensification of glucose-lowering drugs was
performed for 45% of patients in secondary care and 37% of patients in primary care [27].
An explanation for not intensifying AHT could be variable BP measurements over time [28]
and doubt about the accuracy of an office BP measurement [24]. Other reasons for not
intensifying AHT could be that patients might have experienced side effects to antihyper-
tensive drugs in the past or are reluctant about increasing the number of drugs. It is also
possible that physicians are reluctant to start new antihypertensive drugs because of renal
dysfunction or fear of expected disbalance in electrolytes. Unfortunately, information on
these considerations regarding AHT was not available in our database.

Given the high adherence measured in this study, adherence does not seem to be the
reason for not achieving BP targets in almost half of our population. Therapy-resistant
hypertension does not seem to be the reason either, as the majority (56%) of patients in
BP-NOT in our study were not using more than two antihypertensive drugs at baseline.
Suboptimal antihypertensive treatment could be part of the reason for not achieving BP
targets in our population, as AHT was not intensified in more than half of patients despite
follow-up BP-NOT. Another contributory factor is non-adherence to dietary guidelines
as previous research in the same population showed that more than 90% of patients with
BP-NOT did not meet the target of ≤6 g salt intake a day [4].

3.1. Strengths and Limitations

This study is unique because it not only assesses one possible cause of uncontrolled BP
but investigates both adherence to antihypertensive drugs and clinical inertia as potential
causes of uncontrolled BP. A strength of this study is that it was performed in a real-
world setting and the participants were not aware that adherence would be assessed.
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Moreover, physicians were not aware of the fact that their prescription behavior would
be assessed. The use of MPR is a generally accepted method of assessing medication
adherence using pharmacy records [29]. The main limitation of this method is that it is not
known whether medications that have been collected are actually ingested which could
result in an overestimation of adherence [30]. However, we have previously performed
urine analyses in the same patients which yielded an almost equally high adherence rate of
92% for antihypertensive drugs [31].

Although the baseline BP measurements were performed under standardized circum-
stances, it can be considered as a limitation of this study that baseline BP measurements
were primarily used to classify patients into BP-OT and BP-NOT, while pharmacy dispens-
ing data over two years following baseline were used to calculate adherence. Therefore,
we cannot rule out that some patients would have been classified differently if follow-up
BP measurements had been used. To address this, we have also performed analyses using
follow-up BP measurements instead of baseline BP and these seem to render the same
conclusions though it was not possible to test significance because of too few subjects in the
non-adherent groups. Another reason for using baseline BP measurements in the primary
analysis is that the original DIALECT study from which we included our patients was
designed to measure baseline BP. Therefore, follow-up BP data are missing for a number
of patients.

There were a few patients who did not use antihypertensive drugs at baseline and
started AHT during follow-up (n = 13). These subjects were included in the adherence
analysis although they had been labeled BP-OT or BP-NOT according to the baseline
BP measurements.

In our study, we did not correct for potential confounders such as number of drugs
or severity of diabetes. However, most potential confounders were equally distributed
between BP-OT and BP-NOT (Table 1). Therefore, we do not expect that correction of
confounders will alter our conclusions. The biggest difference between groups was found
for the BP target ≤ 130/80 mmHg which is the target for patients with albuminuria. An
analysis was performed including only patients with the BP target ≤ 130/80 mmHg to
assess whether this would render the same conclusions. This analysis did seem to render the
same conclusions (Table A1). Unfortunately, it was not possible to determine significance
because of too few subjects in the non-adherent group.

Another limitation of our study is that the BP targets used are not applicable anymore
as BP targets have changed. The KDIGO 2021 guidelines recommend a systolic BP target of
<120 mmHg for patients with chronic kidney disease, when tolerated, using standardized
office BP measurements [32]. This target is substantially lower than the targets used in
our study which were based on the KDIGO 2012 guidelines recommending a target of
BP ≤ 140/90 mmHg for patients without albuminuria and eGFR <60 mL/min and a
target of BP ≤ 130/80 mmHg for patients with albuminuria. However, the KDIGO 2021
guidelines also mention that there is less certainty about benefits outweighing the harms in
patients with eGFR < 30 mL/min and in patients with diabetes. This makes it uncertain to
what extent the KDIGO 2021 recommendations will be followed in daily practice in our
population consisting of patients with diabetes. Moreover, our study population already
has a high existing treatment burden which could have an impact on decisions about
BP targets. The EASD 2019 guidelines recommend a systolic BP target of 130 mmHg for
patients with T2D and a target of 130–140 mmHg for older patients (aged ≥ 65 years) [33].
The diastolic BP target is <80 mmHg for all patients with T2D according to the EASD
2019 guidelines. In our study, a target of BP <140/85 mmHg was applied for patients
without chronic kidney disease based on the EASD 2013 guideline. To conclude, current BP
targets are more strict than the BP targets applying at the time of this study. This further
emphasizes the importance of optimizing AHT to achieve BP targets, which is supported
by our results.
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3.2. Clinical Implications

Physicians should determine the major target for improvement of BP control for each
individual patient. Adherence is not always the main concern and optimizing AHT requires
attention. To provide targeted advice to physicians regarding clinical inertia, it is important
to understand the reasons behind it. Therefore, further research is necessary to investigate
the specific causes of clinical inertia. For instance, if a patient is reluctant to take more
tablets, the availability of combined tablets should be explored. Additionally, discussing
treatment goals with the patient can help prioritize pharmacological treatment. Physicians
should document considerations regarding therapy in the patient’s file. When patients are
non-adherent to antihypertensive drugs, appropriate actions should be taken based on the
cause of non-adherence. For example, an automated medication dispensing system could
be helpful in cases of forgetfulness.

4. Materials and Methods
4.1. Study Design and Setting

This study was performed in the DIAbetes and LifEstyle Cohort Twente-1 (DIALECT)-
1. DIALECT is an observational prospective cohort study performed at Ziekenhuis Groep
Twente Hospital (Almelo and Hengelo, The Netherlands) and is designed to study the effect
of pharmacological and non-pharmacological management in patients with T2D treated
in secondary care. The primary goal of DIALECT is to optimize T2D treatment through
identifying targets for improvement. Patients in DIALECT-1 were recruited between
September 2009 and January 2016. This study is performed according to the guidelines
of good clinical practice and the Declaration of Helsinki. Written informed consent was
available for all patients before participation in the study. The study has been approved
by the local institutional review boards (Medisch Ethische Toetsingscommissie Reg. Nos.,
NL57219.044.16 and 1009.68020) and is registered in the Netherlands Trial Register (NTR
trial code 5855). Details of DIALECT-1 have been reported previously [4].

4.2. Participants

All patients with T2D and aged ≥18 years treated in secondary care were eligible for
inclusion in DIALECT-1. Patients on renal replacement therapy, patients with insufficient
knowledge of the Dutch language and patients who did not understand the informed
consent procedure were excluded. The baseline date for the individual patient is the
date of the first study visit of the patient in the outpatient clinic. During this visit, BP
measurements took place, blood tests were taken and all relevant medical information was
recorded in a database. For the current study, patients in DIALECT-1 were excluded when
no pharmacy data after baseline were available or no BP measurements on baseline were
available. Moreover, patients without available estimated glomerular filtration rate (eGFR)
and albuminuria status on baseline were excluded because without these parameters it is
not possible to determine the BP target for the individual patient.

4.3. Measurement of Adherence to Antihypertensive Drugs

Adherence to antihypertensive drugs was calculated by using the medication posses-
sion ratio (MPR), which is an adequate and well-accepted method to calculate adherence
based on pharmacy dispensing data [29]. The MPR is the proportion of time that prescribed
medication is available for the patient and is defined as the ratio between the sum of days’
supply for all fills in a certain period and the number of days in that period [30]. After in-
clusion in DIALECT-1, patients were re-approached in 2016 and 2017 to obtain an informed
consent for collecting pharmacy dispensing data. Pharmacies were approached to provide
the medication dispensing history of the patient from the baseline date of DIALECT-1 up
to that day. Analysis of the medication dispensing data was performed for a period of
24 months starting from baseline (Figure 3). For each chronic medication, the first dispens-
ing date after baseline was noted. The end date was defined as the date of the day before
the last collection. Information about the amount of medication dispensed between the first
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dispensing date and end date, prescribed dose and dosage strength dispensed was noted.
These data were all available in the pharmacy dispensing data. Temporarily used antihy-
pertensive drugs were included in the analyses if they were used for at least six months
with at least three dispenses. For patients starting AHT after baseline, adherence was also
calculated. The following antihypertensive drug classes were distinguished: ACEis, ARBs,
beta-blockers, thiazide diuretics, calcium antagonists, loop diuretics, potassium sparing
diuretics and ‘other antihypertensive drugs’. For each type of antihypertensive drug the
MPR was calculated, as was the average MPR of all antihypertensive drugs per patient.
Good adherence was defined as an MPR ≥80% [30]. An MPR above 100% could indicate
that patients take more medication than prescribed or have a stock at home. It is also
possible that the physician lowered the dose of a drug but did not change the prescrip-
tion immediately. Patients with an automated medication dispensing system (e.g., Baxter
Healthcare) were considered adherent as they automatically received their medication and
had an MPR of 100%.
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4.4. Intensification of Antihypertensive Drug Therapy

Intensifications of AHT during the two years following baseline were documented
(Figure 3) and divided into three categories for each antihypertensive drug class: ‘start
of a new antihypertensive drug’, ‘increase in dosage’ and ‘any intensification’ which
is the sum of both categories. A switch within the same antihypertensive drug class
was not documented as ‘start of a new drug’. For each patient, intensifications in all
antihypertensive drug classes were added and analyzed together. Intensifications in the
three categories were reported as the proportion of patients with at least one intensification.
When both intensifications and reductions occurred in the same patient, this was classified
as an intensification because an attempt to improve BP control was made.

4.5. BP Targets

BP targets were based on international guidelines applying during this study [34,35].
These guidelines were published in 2012 and 2013 but those BP targets were most com-
patible with daily practice in our population in the study period 2009–2012. In patients
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with chronic kidney disease, the BP target was determined according to the Kidney Dis-
eases Improving Global Outcomes (KDIGO) guidelines [34]. For patients without chronic
kidney disease, the European Association for the Study of Diabetes (EASD) guidelines
were used [35]. Patients were divided in three BP target groups based on eGFR and al-
buminuria status at baseline: BP < 140/85 mmHg for patients without chronic kidney
disease [35], BP ≤ 140/90 mmHg for patients without albuminuria and eGFR < 60 mL/min,
and BP ≤ 130/80 mmHg for patients with albuminuria [34]. Albuminuria was defined as
a 24-h urinary albumin excretion >30 mg/day. Patients were in the BP-on target (BP-OT)
group when both systolic and diastolic BP was on target. Patients with systolic and/or
diastolic BP not on target were categorized in the BP-not on target (BP-NOT) group.

4.6. Baseline BP Measurements

In the primary analysis of adherence, baseline BP measurements were used to de-
termine whether patients were in the BP-OT or BP-NOT group (Figure 3). These BP
measurements were performed at the baseline visit of DIALECT-1 in standardized circum-
stances using an automated device (Dinamap®; GE Medical systems, Milwaukee, WI, USA).
Patients were in a supine position and measurements took place during 15 min with a
1-min interval. The mean systolic and diastolic BP of the last three measurements were
used for the primary analysis.

4.7. Follow-Up BP Measurements

In the secondary analyses of adherence and intensification of AHT, follow-up BP
measurements over a period of two years following baseline were used to divide patients
into BP-OT and BP-NOT (Figure 3). BP measurements from all disciplines in secondary
care were included except measurements during hospital admission and home BP mea-
surements. Home BP measurements were excluded because they cannot be compared
to BP measurements in office, though they are more accurate. The majority of included
BP measurements were single, manual, office BP measurements. In the case of repeated
office BP measurements, the last measurement was used. For each patient, the following
information was available: number of BP measurements and number of BP measurements
NOT. Patients were included in the secondary analysis when they had at least two available
follow-up BP measurements. We defined not achieving BP target during follow-up as
two or more consecutive BP measurements categorized as BP-NOT because physicians do
not often rely on one abnormal BP value in daily practice as BP values can fluctuate and
office BP measurements can be falsely higher (the white-coat effect) [36,37]. To determine
if follow-up BP measurements were on target, the baseline BP target was used because
follow-up data on albuminuria were not available. Therefore, it is not possible to rule out
that patients changed to another BP target in the two years following baseline because their
eGFR declined or they developed albuminuria.

4.8. Statistical Analysis

Statistical analyses were performed using IBM SPSS for Windows (version 28.0; IBM
Corp., Armonk, NY, USA). Normally distributed data are presented as mean ± SDs.
Skewed variables are presented as median (interquartile ranges (IQRs)). Dichotomous
variables are presented as numbers (percentages). The normality of data was assessed by
visually inspecting the frequency histograms of each variable. For the primary analysis, the
proportion of adherent patients was compared between BP-OT and BP-NOT. A sensitivity
analysis was performed excluding patients with an automated medication dispensing
system. For the secondary analyses, the proportion of adherent patients and the proportion
of patients with an intensification of AHT was compared between patients who did not
reach target BP during follow-up and patients who did. Differences between BP groups
were tested with the independent-samples Student’s t-test for normally distributed data
and with the χ2 test for dichotomous variables. A two tailed p value < 0.05 was considered
statistically significant.



Pharmacoepidemiology 2023, 2 317

5. Conclusions

We found that in our population, almost all patients with T2D were adherent to
antihypertensive drug therapy; thus, non-adherence did not contribute to low achievement
of target BP. Antihypertensive drug treatment was intensified in only a third of patients not
on target BP. Therefore, clinical inertia might be associated with poor BP control. Taken
together, BP target achievement in patients with T2D is low, so attention to optimizing
antihypertensive drug therapy is needed to improve BP control and reduce the risk for
cardiovascular complications.
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Appendix A

Table A1. Adherence in patients with albuminuria.

Total Population BP-OT BP-NOT p

Patients with
albuminuria * 108 35 (32.4) 73 (67.6) <0.001

Adherent (MPR ≥ 80%) 102 (94.4) 34 (97.1) 68 (93.2) **

* Based on BP target ≤ 130/80 mmHg and only including patients with a prescription for an antihypertensive
drug. ** Not possible to calculate significance because of expected count less than 5 in 2 cells.
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