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Effects of new drug interaction index on drug adherence in older
patients with hypertension
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ABSTRACT

Objective: Hypertension is a challenging problem in the ol-
der population because of poor drug adherence (DA). We
aimed to determine the DA and examine the drug interac-
tion index (DII) on DA in older patients with hypertension.
Methods: In this cross-sectional, observational study, we
enrolled 418 eligible patients aged = 65 years between 1
February 2020 and 30 September 2020 in a tertiary hospital
outpatient cardiology clinic. We prepared a questionnaire to
record sociodemographic characteristics, morbidities, and
drugs used by the population. The Morisky Medication Ad-
herence Scale-8 (MMAS-8) was used for DA assessment.
We identified drug interactions using the Lexicomp applica-
tion. We calculated the DIl from a ratio of clinically relevant
interaction to total interaction. Descriptive tests and multiple
linear regression analyses were performed to find indepen-
dent factors on DA.

Results: The mean age (+ standard deviation [SD]) was
72.91 (£6.47), and 272/146 were female/male in the study
population. The most frequent comorbid disease was dia-
betes mellitus (23.5%). The percentage of patients having
polypharmacy was 39.5, and the mean daily drug (+SD)
use was 4.27 (+2.57). The most prescribed antihypertensi-
ve drugs were thiazide/derivates (29.8%) and angiotensin
receptor blockers (24.8%). The mean MMAS-8 (+SD) was
4.55+0.98, and 321 (76.8%) participants had a poor DA. A
total of 33.4% of patients had significant drug interaction.
The mean DIl (+SD) was 0.345+0.017. The area under the
receiver operating characteristic (ROC) curve for DIl was
0.616 (95% confidence interval [Cl]: 0.547-0.686).
Conclusion: We defined a new index for drug interaction
intensity. Furthermore, the DIl may be a useful tool to study
aspects of DA in older patients with hypertension.

ypertension is a common and challenging prob-
lem in older patients, reaching a prevalence as

high as 70 to 80 percent.!3! Despite considerable im-
provements in the diagnosis and treatment of hyper-
tension, control rates are lower in older adults than
younger patients. According to published data in the

OZET

Amac: Hipertansiyon, yaslilarda tedaviye uyum dusuk ol-
dugu icin yénetimi gu¢ bir hastaliktir. Calismamizda yasli
hipertansiflerde ilac etkilesim endeksinin (IEE) ilac uyum
Uzerine etkisini degerlendirmeyi amagladik.

Yéntemler: Kesitsel gbzlemsel calismamiza, 01.02.2020
ile 30.09.2020 arasinda uguncli basamak hastanenin kar-
diyoloji poliklinigine basvuran 65 yas ve Uzeri, 418 hasta-
yi dahil ettik. Hastalarin sosyo-demografik 6zelliklerini, ek
hastaliklarini ve aldiklari ilaglari sorgulayan bir anket hazir-
ladik. llag uyumu igin Morisky ilag uyum skalasi-8 (MMAS-
8) kullanildi. llag etkilesimleri, Lexicomp® uygulamasi ile
degerlendirildi. llag uyumunu etkileyen faktorlerin tespiti igin
tanimlayici testler ve ¢oklu lineer regresyon analizleri yapil-
di. llag uyum indeksi, klinik iligkili ilag etkilesimlerinin toplam
ilac etkilesimlerine oranindan hesaplanmistir.

Bulgular: Arastirma populasyonunun ortalama yagi [+ stan-
dart sapma (SS)] 72.91 (+6.47) idi ve 272/146’G kadin/erkek-
ti. En sik eslik eden hastalik diyabetes mellitustu (%23.5).
Hastalarin %39.5’inde polifarmasi mevcuttu, ginlik ortalama
(SS) 4.27 (+2.57) sayida ilac aliyordu. En sik recete edilen
anti-hipertansifler tiazid ve tlrevleri (%29.8), anjiyotensin re-
septdr blokerleri (24.8%), anjiyotensin donusturtcl enzim in-
hibitéri (%14.9) idi. Ortalama MMAS-8 skoru (SS) 4.55+0.98
idi ve katilimcilarin 321 (%76.8)’inin ila¢ uyumu koétlyda.
Hastalarinin %33.4’tnde klinik iligkili ila¢ etkilesimi vardi. Yeni
ila¢ etkilesim indeksini ortalama (SS) 0.345+0.017 idi. MMAS-
8 skorunu belirlemede IEE’nin tahmini icin yapilan receiver
operating characteristic (ROC) egrisi analizinde egri alti alani
0.616 saptadik [95% glven araligi (GA): 0.547- 0.686].
Sonug: Yagl hipertansiflerde ila¢ etkilesim yogunlugunu
belirlemek icin yeni bir endeks tanimladik. Bu endeks, ilag
uyumu tahmininde kullanigh bir arag olabilir.

National Health and Nutrition Examination Survey,
blood pressure control rates were 46 and 33 percent
among adults aged 65 to 74 and 75+, respectively.!"!

Poor adherence to treatment regimens contrib-
utes to the burden of uncontrolled hypertension.
In literature, hypertensive older patients are 40 to
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77 percent nonadherent to drug therapy.*”! Drug
adherence (DA) is generally defined as the consis-
tency with which patients take their medications as
prescribed by their healthcare providers.! Accord-
ing to the World Health Organization (WHO), there
are 4 groups of factors that influence adherence: (1)
healthcare-system-related, (2) disease-related, (3)
therapy-related, and (4) patient-related components.
1] Therapy-related factors including polypharmacy
and drug interactions are known barriers for DA in
the older population. However, we believe that inter-
action intensity should be evaluated as the third di-
mension besides the drug quantities and interactions.
Therefore, we designed a new, simple index called
the drug interaction index (DII) to reflect intensity.
This index measures the ratio of clinically relevant
drug interaction to total drug interaction.

We hypothesized that a high drug interaction in-
tensity and not merely drug interaction would de-
crease antihypertensive medication adherence. Based
on this hypothesis, our study had 2 main objectives:
(1) to determine DA rates and associated factors, and
(2) to examine the influence of the DII on DA in older
patients with hypertension.

METHODS

Patient population

The study was conducted with the cardiology outpa-
tient clinic in Afyonkarahisar Health Sciences Uni-
versity, located in Turkey. The present study has a
cross-sectional design. A total of 446 consecutive pa-
tients diagnosed with hypertension who were visiting
the cardiology outpatient clinic for a follow-up about
any complaint between 1 February 2020 and 30 Sep-
tember 2020 were examined in the study.

We included 418 eligible subjects in the study. The
criteria for selecting the subjects were as follows: (1)
age 65 and over; (2) diagnosed with hypertension; and
(3) taking at least one antihypertensive medication for
the previous 3 months. Most participants had scheduled
a clinical appointments admission. Patients visiting the
clinic because of exacerbation of acute cardiac prob-
lems (acute coronary syndromes, decompensated heart
failure, malign arrhythmias) that might lead to hospital-
ization were excluded. As per the inclusion criteria, all
the respondents in the study were outpatients who were
previously on medications, and those patients seeking a

physician’s checkup
as emergency care
were excluded. The e
. ARB Angiotensin receptor blockers
researchers filled in  ,y¢
all the questionnaire <7
. DA Drug adherence

data lleIHg 3. face-to- DIl Drug interaction index
face interview. Ver-  ior
bal informed con- ROC

. SSRI Selective serotonin reuptake
sent was obtained inhibitor
from parthlp ants WHO World Health Organization
after a brief expla-

nation of the aim of the study.

Abbreviations:

ACEinh  Angiotensin-converting enzyme

inhibitors

Area under the curve
Confidence interval

Interquartile range
Receiver operating characteristic

Patients taking acetylcholinesterase inhibitors and
ginkgo biloba were also questioned about self-care
capacity and cognitive status. Researchers made a
simple cognitive assessment by 3 memory questions
(testing recall of 3 random words) and 3 orientation
questions (year, month, and day of the week). The pa-
tients included correctly answered =2 of the 6 ques-
tions and were classified as having only mild cogni-
tive impairment.”!

We excluded 28 patients based on communication
problems that impacted our ability to obtain adequate
data for the questionnaire. The problems included
severe cognitive impairment (n=6) or advanced de-
mentia (n=4), hearing difficulties (n=8), and missing
pharmacy-identifying information (n=10).

We recorded the participants’ sociodemographic
characteristics (age, sex, marital status, and educa-
tional status), clinical parameters (height, weight,
duration of treatment, number of tablets and number
of doses per day, and number and types of comorbid-
ities), and the level of adherence using the Morisky
8-item validated questionnaire.® Additionally, drug
market names and active substrates were recorded in
the dataset. Newly prescribed antihypertensive med-
ications were not considered for drug interaction.
Polypharmacy was defined as taking five or more
different prescribed medications,® including antihy-
pertensives. The comorbidities and their collection
procedures are described in Appendix 1.

The study was approved by the Ethics Commit-
tee of the Afyonkarahisar Health Sciences University
(no.2020/12) on 2 January 2020. The study was con-
ducted under the Declaration of Helsinki guidelines
and the principles of Good Clinical Practice and with
respect for the other parties’ rights and dignity.
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Drug interaction measurement

The risk scoring of each antihypertensive medication
for potential drug-drug interactions was performed
using the online Lexicomp® (Wolters Kluwer, Hud-
son, Ohio) program. The classification of this pro-
gram is as follows:

A-No evidence of interactions in literature
B-Known interactions, but no action needed
C-Monitor therapy

D-Consider therapy modification

X-Avoid combination

Most of the studies evaluating drug interactions
with the Lexicomp® application focus only on the
clinically relevant part (C, D, X).’"!'I Classes A and
B have not usually been considered by previous re-
searchers. We believe that the drug interaction in-
tensity could be substantial, and this term also in-
cludes the drug number and clinically relevant drug
interactions together. However, there is no parameter
for evaluating drug interaction intensity. Therefore,
we developed a new index called the DII that is de-
scribed as follows: first, drug interaction groups were
determined as A, B, C, D, and X according to the
Lexicomp classification. Then, we counted the sum
of group C, D, and X interactions and the total in-
teraction numbers. Finally, we calculated the ratio of
groups C, D, and X to all groups (A, B, C, D, and X).
The DII formula is shown below:

Class C+Class D+Class X
DII=

Class A+Class B+Class C+Class D+Class X

Medications for concomitant diseases were clas-
sified according to the anatomical, therapeutic and
chemical (ATC) system recommended by the WHO.

Measuring antihypertensive drug compliance

Medication adherence was measured by a validated
Turkish version of the MMAS-8.8 It is an eight-item
questionnaire with high reliability and validity, and
it is easy to use. Seven questionnaire items were an-
swered with scores of O for yes and 1 for no, and
one item had a 5-point Likert scale response option
(see Appendix 1). The sum of the eight-item score
indicates the level of DA. The minimum score ob-
tained from the scale is 0, and the maximum score

is 8. According to the scale, a score between 6 and
8 indicates good adherence, while a score below 6
indicates poor compliance.!”!

Statistical analysis

We calculated the sample size for multiple linear re-
gression tests allowing 95% statistical power, 5% al-
pha error, and 0.15 effect size for a total of 32 predic-
tors (including age, sex, height, weight, educational
level, number of chronic medications taken daily, du-
ration of antihypertensive use, and number and types
of comorbidities) using G*power software v3.1.9.4
(Franz Faul, Universitidt Kiel, Germany). The esti-
mated minimum sample size was 267.[1314

Study data were evaluated using the SPSS 22
software package (IBM Corp., Armonk, NY, USA).
The descriptive data were summarized as the per-
centage frequency for categorical variables and the
meanzstandard deviations (SDs) or median 25-75
interquartile range (IQR) for continuous variables.
The skewness and kurtosis tests were used to assess
the normality of the distribution of the variables. A
chi-square test was used to determine the difference
in adherence by sample characteristics. Receiver
operating characteristic (ROC) curve analysis was
conducted on the predicted DII value for identifica-
tion of the MMAS-8 score; the correspondent area
under the curve (AUC) was calculated with its 95%
confidence interval (CI). Multivariate linear regres-
sion analysis was performed to determine factors
of the MMAS-8 score by using p<0.5 in univariate
analysis. The relationships between DA and total
drugs per day, antihypertensive medication dura-
tion, and the DII were calculated using multivari-
ate regression analysis. Furthermore, the model was
conducted with the enter method. p<0.05 was taken
as the limit value for significance accompanied by
95% CI.

RESULTS

In our study, 418 patients were enrolled. The mean
age (SD) was 72.91 (£6.47); 65% (n=272) were fe-
male and 35% (n=146) were male. The most frequent
comorbid diseases were diabetes mellitus (27.8%),
gastric and duodenal disturbances (19.4%), chronic
obstructive pulmonary disease, and asthma (10.5%).
Most patients had an educational level of primary
school or below (n=359, 85.9%) (Table 1).
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Table 1. Basal characteristics of the study population

Study population
Variables (n=418)
Age (years)* 72.9+6.47
Sex (F/M) 272146
Body mass index (kg/m?)* 28.87+5.40

Hypertension duration (years) (IQR 25-75) 11 (5-15)

Antihypertensive drug duration (month) 134 (60-180)

(IQR 25-75)
Education level, n (%)

llliterate 99 (28.7)
Literate 64 (15.3)
Primary school 196 (46.9)
Secondary school 14 (3.4)
High school 29 (6.9)
University 16 (3.8)
Concomitant Diseases, n (%)*
Diabetes mellitus 116 (23.5)
Dementia 34 (6.9)
Coronary artery disease 43 (8.7)
Heart failure 4(0.8)
Atrial fibrillation 74 (15.1)
Stroke/TIA 13 (2.6)
Epilepsy 3(0.6)
Osteoporosis 30 (6.1)
Arthropathies 39 (7.9)
Chronic renal disease 3(0.6)
Chronic hepatic disease 4 (0.8)
Chronic obstructive pulmonary 44 (8.9)
disease/Asthma
Urinary incontinence 5(1.0)
Gastric and duodenal disturbances 81 (16.5)

*Meanzstandard deviation.
tPercentages were calculated according to cumulative disease numbers.
F: female; IQR: interquartile range; M: male, TIA: transient ischemic attack.

The most commonly used antihypertensive
drug classes in the study were thiazide and deri-
vates (29.8%), angiotensin receptor blockers (ARB)
(24.8%), and angiotensin-converting enzyme inhib-
itors (ACEinh) (14.9%) (Table 2). There were 111
patients (26.5%) using dual antihypertensive drugs
and 29 (6.9%) using 3 or more antihypertensive med-
ications. The most commonly preferred combination
(67.8%) was ARB with thiazide/thiazide-like diuret-
ics. The most used active substrates were a combi-

Table 2. Antihypertensive medication and drug interaction
characteristics classes of study population

Variables Value
Total drug number per day* 4.27+2.57
ATC Category of Antihypertensives, n (%)
ARB 211 (24.8)
ACEinh 127 (14.9)
CCB 123 (14.5)
Thiazide and derivates 254 (29.8)
Beta-blockers 117 (13.7)
Mineralocorticoids 14 (1.6)
Alfa-blockers 4 (0.5)
Drug Interaction Class, n (%)
A 769 (64.5)
B 15 (12.6)
C 369 (33.5)
D 7 (0.5)
X 2(0.1)
Morisky Medication Adherence Score* 4.55+0.98
Poor drug adherence (%) 321 (76.8)
DI 0.345+0.017

*Meanzstandard deviation.

ATC: Anatomical Therapeutic Chemical System; ARB: angiotensin receptor
blockers; ACEinh: angiotensin-converting enzyme inhibitors; CCB: calcium
channel blockers; DII: drug interaction index; IQR: interquartile range.

nation with valsartan hydrochlorothiazide in the sub-
group (see Appendix 1). The mean drug number per
day was 4.27 (£2.57), and 39.5% of the patients were
polypharmacal.

The mean MMAS-8 score was 4.55 (+0.98) (Ta-
ble 2). A total of 321 participants (76.8%) scored be-
low 6 and were classified as having low DA.

The drug interaction analyses showed that 65.8%
of the older patients with hypertension in the study
were not at risk in terms of potential interaction, and
33.4% of patients should be followed to monitor in-
teraction (group C interaction risk score). Further-
more, 9 patients had clinically significant interac-
tions, and they should be consulted about medication
change (group D and X interaction risk scores). Two
of these patients were detected as having a group X
interaction risk (see Appendix 1).

We found a mean DII of 0.345 (+0.017). The ROC
curve analysis was conducted to identify the DII
value for MMAS-8 score prediction; the AUC was
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Table 3. Univariate and multivariate linear regression analysis of predictors and adherence to antihypertensive

medications using Morisky Medication Adherence Scale-8

Univariate Multivariate
95% ClI 95% ClI
Variables Beta Lower bound Upper bound P Beta Lower bound Upperbound P
Constant 4,810 2,676 6,945 <0.001
Age 0.014 -0.022 0.049 0.450 = = = =
Sex -0.256 -0.740 0.229 0.300 = = = =
Education level -0.191 -0.259 0.024 0.250 = = = =
Total drug number -0.167 -0.968 -0.270 0.001 -0.115 -0.188 -0.042 0.002
Drug interaction index -1.055 -1.630 -0.446 <0.001 -1.013 -1.604 -0.422 0.001
Antihypertensive -0.005  -0.007 -0.002  <0.001 -0.003  -0.005 -0.001  0.001
medication duration
(years)
R?=0.335, F=18.376, p<0.001.
——— MMAS-8 score; the structured model was significant
10 (F=18.376, p<0.001). The model describes 33% of
changes in the DA scale (R?=0.335). DII (p=0.001),
and antihypertensive medication duration (p=0.002)
] and total drug number per day (p=0.001) have statis-
tically significant effects on the DA level (Table 3).
g DISCUSSION
§ b Hypertension is the most common chronic disease in
' the geriatric population. Moreover, older hyperten-
sives are at a higher risk of drug-drug interaction be-
. cause of their high polypharmacy rates and decreased
AUC=0.616, p=0.001 drug metabolism capacity. It is generally agreed that
low DA and polypharmacy are an increasing trend
ook s " g g p8 among older patients with hypertension.!>'* Howev-
1- Specificity er, to date, little attention has been paid to drug inter-
Diagonal segments are produced by ties. action intensity in this population.
Figure 1. The Receiver-Operator Curve analyses for the . The primary ?.lim of t.his study Was o ﬁnd. out the
ability of drug interaction index to drug adherence score impacts of drug interaction intensity on DA in older
identification. patients with hypertension. We found that a higher
AUC: area under the curve. DII value was an independent risk factor for low DA.

0.616, and a cut-off value of 0.127 with 80% sensi-
tivity and 67% specificity (2.37 positive likelihood
ratio) for the DII could predict DA with 95% CI:
0.547 t0 0.686 (p<0.001) (Figure 1).

As a result of the multivariable linear regression
analysis using the enter method, variables such as
age, sex, educational level, drug numbers, DII, and
hypertension duration were thought to affect the

The regression analysis showed that daily medication
number and treatment duration also have negative
effects on drug compliance. Moreover, we saw that
33.4% of the patients had clinically relevant drug in-
teractions. Finally, most of our patients had polyphar-
macy, low DA, and long-term hypertension.

In our study, the daily drug number average was
4.27, and 39.5% of patients were taking 5 or more
drugs per day (polypharmacy). The main contribu-



550

Turk Kardiyol Dern Ars 2021;49(7):545-552

tors to polypharmacy were diabetes mellitus, gastric
and duodenal disturbances, and atrial fibrillation.!'”
Polypharmacy levels were consistent with previous
findings of 30% to 72% in various studies.!"*!"! The
higher number of chronic prescription drugs in the
study group may be explained by the older age and
multiple morbidities. Polypharmacy alone was an in-
dependent risk factor for poor DA.!"!

Another important finding was that 76.8% of our
study population had low DA, and the mean MMAS-
8 score (SD) was only 4.55 (0.98). Compared with
the values (22.7% to 67.7%) in the literature in dif-
ferent countries,?*?!! our DA rates were much lower.
This result may be influenced by the fact that many of
our study participants had a low literacy rate. Also, it
can be argued that the low DA is caused by the study
population’s inherent nature. For example, 11.2%
of the study group had mild cognitive dysfunction.
Additionally, our cross-section period was during
the coronavirus (COVID-19) pandemic. At the be-
ginning of the pandemic, there was some speculative
information that renin-angiotensin receptor blockers
could increase the risk of COVID-19 in hyperten-
sives.?221 Thus, patients could be hesitant to take this
drug from a critical group. Moreover, pandemic-re-
lated conditions such as low hospital admission could
have decreased DA levels.

Antihypertensive treatment duration was anoth-
er independent risk factor for low DA. The median
duration of antihypertensive treatment (the IQR) was
134 months (60-180). This finding is in line with pre-
vious studies.**" A plausible explanation is that DA
may decrease as new morbidities requiring medica-
tion, such as cardiovascular diseases and diabetes,
develop over the years.

Consistent with literature, we showed that the
daily medications involved in drug interactions were
33.4% prevalent in the geriatric population.!'?252¢!
Antidiabetic drugs and selective serotonin reuptake
inhibitors (SSRIs) have the most frequent drug inter-
actions in the present study. A possible explanation
for this finding might be that thiazides have adverse
effects on glucose metabolism, which is regulated by
anti-diabetics.?” Additionally, concomitant use of
thiazide with SSRIs may potentiate hyponatremic ef-
fects.”82! In our study population, the most frequent
combination was valsartan and thiazide. It should be
noted that recent findings indicate increased serum

thiazide levels with valsartan interaction.®” Thus,
this combination may enhance thiazide side effects.

We proposed a new index evaluating interaction
intensity. As mentioned above, we define DII as a ra-
tio of action-required drug interactions to total drug
interactions. Furthermore, for the first time, the pres-
ent data shows that a 0.127 cut-off value with 80%
sensitivity and 67% specificity (2.37 positive likeli-
hood ratio) for DII could predict adherence level. The
observed association between DII and DA might be
explained in the following way: more intense interac-
tions could cause significant alterations in drug plas-
ma levels, impair metabolic and electrolyte levels,
and influence central nervous system function. These
situations could cause discomfort and discontinua-
tion of drugs for older patients with complex comed-
ications and comorbidity.

This study provides an insight into the underlying
barriers to medication adherence in older hyperten-
sives. Although there are many drug interaction stud-
ies in older patients with hypertension, no previous re-
search has investigated drug interaction intensity. This
is the first study in literature to examine the influence
of drug interaction intensity on medication adherence
among geriatric hypertensive patients. There is still a
great deal of work to be done in this area. Our study
also extends knowledge about drug prescription hab-
its, interactions, and useful features of older patients
with hypertension in a tertiary hospital.

Limitations

The results of this study should be interpreted with
some caution because of the limitations of data col-
lection. The Berksonian type bias cannot be elimi-
nated as the patients were enrolled in an outpatient
clinic. Therefore, behaviors observed against drug
and concomitant medication use cannot be gener-
alized to the general population. Another important
limitation of the study is that the study was conducted
during the COVID-19 pandemic. A pandemic, as a
well-known and significant stress factor, could have
increased the DA in the older population, whereas the
speculations even in the media coverage against the
use of ACEinh could have decreased the use of these
agents during the pandemic.””’ Additionally, the ac-
cess to drugs could be affected during the pandemic.

In most of the trials about DA, sociodemographic
properties were evaluated.'>?°3!! This analysis ex-
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amines only the educational levels and therefore, the
results are limited to drug properties. Another criti-
cal limitation lies in the fact that we did not consid-
er achieving target blood pressure, which could be a
reason for patients to discontinue their medications.

Additionally, the DII is structured to measure an-
tihypertensives’ interaction, but we do not know the
comedications’ interactions with each other. We exam-
ined drug interactions only from one online application.
It is not a full pharmacokinetic and pharmacodynamic
assessment. So, this approach does not fully consider
the problems that can appear in complex situations. But
it does demonstrate the need for further research.

Conclusion

This study found that most older patients with hy-
pertension have low drug compliance, long-term
hypertension, and polypharmacy. The findings from
this study make several contributions to the current
literature. First, we defined a new index for drug in-
teraction intensity. Moreover, this index can be used
to predict DA in hypertensive patients. Second, we
found that drug numbers and therapy duration have
negative effects on DA.

To increase adherence, practitioners should eval-
uate older patients more meticulously in follow-up
visits. The ability to predict adherence levels based
on DII values can help providers identify patients
who need additional monitoring. Also, patients and
caregivers could be given the information in drug in-
teraction applications. In future work, the DII may be
a useful tool to study aspects of DA.
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Appendix 1. Supplementary Methods and Data

Supplemental Method. Comorbidities: Definition and data collection.

Variables

Definition and data collection

Body mass index
Ischemic heart disease

Heart failure
Atrial fibrillation
Epilepsy
Osteoporosis
Arthropathies

Urinary incontinence

Gastric and duodenal disturbances
Kidney failure

Diabetes mellitus

Chronic hepatic disease

Chronic obstructive

pulmonary disease

Dementia

Stroke/Transient ischemic attack

Calculation based on weight/size:Clinical examination

History of cardiac disease involving coronary artery disease: Clinical examination
and extraction from medical records

History of systolic or diastolic heart failure: Clinical examination and extraction
from medical records

History of atrial fibrillation, regardless of the pattern status:Clinical
examination and extraction from medical records

Defined by at least 2 unprovoked seizures occurring more than 24 hours apart,
clinical examination and extraction from medical records

Defined by T-score <-2.5 SDs at any site based upon BMD measurement by
DXA: Clinical examination and extraction from medical records

History of Rheumatoid arthritis, Inflammatory osteoarthritis and degenerative
osteoarthritis: Clinical examination and extraction from medical records

History of urge urinary incontinence, stress urinary incontinence, overflow
incontinence, urethral hypermobility and bladder outlet obstruction: Clinical
examination and extraction from medical records

History of gastritis, peptic ulcers, duodenal ulcers and dyspepsia: Clinical
examination and extraction from medical records

Defined by a creatinine clearance rate <60 mL/min/1.73 m2, as calculated with
the MDRD equation: Clinical examination and extraction from medical records

Defined by a fasting glucose level >1.26 g/L confirmed twice, or active treatment
for diabetes mellitus: Clinical examination and extraction from medical records

History of chronic hepatitis B, C, steatohepatitis: Clinical examination and
extraction from medical records

Defined by the need for long-term oxygen therapy for a lung condition: Clinical
examination and extraction from medical records

Defined by the criteria for dementia according to DSM-5:Clinical examination
and extraction from medical records

Defined by transient or permanent brain hypoperfusion due to thrombosis or
hemorrhage: Clinical examination and extraction from medical records

BMD: bone mineral density; DXA: dual-energy X-ray absorptiometry; MDRD: modification of diet in renal disease.
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Supplemental Method. Morisky Medical Adherence Scale (MMAS-8-TR):®! Definition and data collection

ltems

1.
2.

Do you sometimes forget to take your high blood pressure pills?

People sometimes miss taking their medications for reasons other than forgetting.

Thinking over the past 2 weeks, were there any days when you did not take your
high blood pressure medication?

because you felt worse when you took it?

blood pressure medications?

. Have you ever cut back or stopped taking your medication without telling your doctor

. When you travel or leave home, do you sometimes forget to bring along your high

5. Did you take your high blood pressure medication yesterday?

6. When you feel like your blood pressure is under control, do you sometimes stop

taking your medication?

. Taking medication every day is a real inconvenience for some people. Do you ever

feel hassled about sticking to your blood pressure treatment plan?

medication?

. How often do you have difficulty remembering to take all your blood pressure

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes
Never/Rarely 4
Once in a while 3
Sometimes 2
Usually 1
All the time 0

Supplementary data. The main medications involved in grade D and X potential drug interactions

Serious interaction group  Antihypertensive drug

Interacting drug

Interacting mechanism*

Group X interactions

Group D interactions

Trandolapril and verapamil

Perindopril and indapamide

Trandolapril and verapamil
Nebivolol
Diltiazem

Amlodipine

Amlodipine

Amlodipine

Ramipril

Pimozide

Olmesartan and
hydrochlorothiazide

Colchicine
Brimonidine (Ophthalmic)
Atorvastatin

Phenytoin
Erythromycin (Systemic)
Phenytoin

Lithium

CYP3A4 inhibitors

Angiotensin-converting
enzyme inhibitors/
Angiotensin Il receptor
blockers

CYP3A4 inhibitors
Beta-blockers/Alpha2-agonists

CYP3A4-mediated
metabolism

Phenytoin/Calcium channel
blockers

Calcium channel blockers/
Macrolide antibiotics

Phenytoin/Calcium channel
blockers

Lithium/Angiotensin-
converting enzyme inhibitors

*Data from Lexicomp® Drug Interactions application
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Supplemental data. Drug interactions according to the ATC system of non-antihypertensive medications

ATC Category of non-antihypertensive therapy Drug interactions (C,D,X) (n=408)
Cardiovascular system 49
Genito urinary system and sex hormones 18
Systemic hormonal preparations, excl. sex hormones and insulins 159
Musculo-skeletal system 24
Nervous system 104
Respiratory system 74

ATC: Anatomical, therapeutic chemical system.

Supplemental data. Antihypertensive combination characteristics

Total combination (n=260) n %

Valsartan and hydrochlorothiazide 63 25.2
Candesartan and hydrochlorothiazide 35 14

Valsartan and amlodipine 27 10.8
Perindopril and indapamide 22 8.8
Losartan and hydrochlorothiazide 22 8.8
Ramipril and hydrochlorothiazide 18 7.2
Telmisartan and hydrochlorothiazide 14 5.6

Irbesartan and hydrochlorothiazide 14 5.6

Olmesartan and hydrochlorothiazide 13 5.2

Verapamil and trandolapril 12 4.8

Zofenopril and hydrochlorothiazide 9 3.6

Cilazapril and hydrochlorothiazide 7 2.8

Quinapril and hydrochlorothiazide 5

Perindopril and amlodipine 5

Lisinopril and hydrochlorothiazide 4 1.6

Fosinopril and hydrochlorothiazide 4 1.6

Enalapril ad nitrendipine 4 1.6

Benazepril and hydrochlorothiazide 3 1.2
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Supplementary data. Antihypertensive substrate characteristics

Antihypertensive substrates n %
Valsartan 99 11.9
Candesartan 37 4.4
Amlodipine 81 9.7
Perindopril 34 4
Losartan 26 3.1
Ramipril 43 51
Telmisartan 16 1.9
Irbesartan 14 1.7
Olmesartan 7 0.8
Verapamil 14 1.7
Zofenopril 8 1
Cilazapril 8 1
Quinapril 6 0.7
Nifedipine 8 1
Lisinopril 5 0.6
Fosinopril 5 0.6
Enalapril 3 0.3
Benazepril 2 0.2
Trandolapril 15 1.8
Benazaepril 2 0.2
Nitrendipine 6 0.7
Lercanidipine 9 1
Phelodipine 3 0.3
Hydrochlorothiazide 213 25.5
Metoprolol 63 7.5
Nebivolol 25 3
Carvedilol 18 2.1

Spironolactone 15 1.8






