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Abstract

Background: Hypertension is the leading modifiable risk factor for premature death globally despite the existence of
evidence-based and cost-effective treatments. Medication nonadherence is cited as the main cause of treatment failure for
hypertension. In Peru, adherence to anti-hypertensive medications of individuals with both hypertension and type 2 di-
abetes (T2D) is not well studied. The few studies that have investigated differences in anti-hypertensive medication
adherence among patients with and without T2D have demonstrated both positive and negative effects.

Methods: In a cross-sectional study in Puno, Peru, we compared anti-hypertensive medication adherence in individuals with
hypertension between those with and without comorbid T2D. The primary outcome was adherence to anti-hypertensive
medications as assessed by the Hill-Bone Compliance scale. The primary exposure variable was comorbidity status
(i.e., having hypertension and diabetes vs. hypertension alone).

Results:Of the 204 participants with hypertension (mean age 67 ± 11 years, 60% female), 42 (21%) had comorbid diabetes.
Participants with comorbid disease had higher overall anti-hypertensive adherence scores (49.5 ± 2.8 vs. 48.0 ± 4.1 points;
p<0.001) and higher medication adherence scores (32.8 ± 2.2 vs. 31.3 ± 3.7 points; p<0.01) when compared to those with
hypertension alone. In multivariable regression, comorbid diabetes and monthly income above 250 soles (68 USD) were
associated with higher Hill-Bone Compliance scale scores by 1.5 ± 0.7 points (p=0.025) and 2.0 ± 0.7 points (p<0.01),
respectively.
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Conclusions: Participants with comorbid hypertension and diabetes exhibited higher adherence to anti-hypertensive
medications when compared to those with hypertension alone, suggesting that individuals with comorbid disease are more
likely to adhere to anti-hypertensive medications.
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Introduction

Hypertension is the leading modifiable risk factor for
premature death worldwide despite the existence of
evidence-based and cost-effective treatment.1 In 2021,
hypertension control was reported at 8% in low-and-
middle-income countries (LMICs).2 Adherence studies
conducted in LMICs including Colombia, Ghana, and
Bangladesh have reported wide ranges of non-adherence to
anti-hypertensive medications from 24 to 70%.3–5 Ad-
herence has not been widely studied in Peru; however, in
2016, the CRONICAS cohort study found control rates
remain low at an average of 30%, suggesting high rates of
treatment noncompliance.6

Additionally, studies have linked type 2 diabetes mellitus
(T2D) to a higher probability of comorbid hypertension rel-
ative to other non-communicable diseases (NCDs).7,8 Many
of the studies that have investigated the effect of comorbid
hypertension and T2D on anti-hypertensive medication
adherence have reported both higher or lower adherence
rates 4,9–11 when compared to those who only have hypertension.
Thus, understanding treatment adherence trends in patients
with multiple NCDs is difficult.

In Peru, the 2019 Encuesta Demográfica y de Salud
Familiar (ENDES), a national survey administered using
direct interviews, estimated the national prevalence of
hypertension and pre-hypertension at 20% and 34%,
respectively.12,13 The CRONICAS study, which followed a
Peruvian cohort for three years to characterize NCD
prevalence and burden, reported a T2D prevalence of 6.7%
in Peru.14 The PERUDIAB study found that 40% of in-
dividuals with T2D were previously undiagnosed.15 In
Peru, changes in diet, behaviors, and environmental factors,
coupled with an aging population, have led to an epide-
miologic shift associated with higher rates of both hyper-
tension and T2D.13 Particularly vulnerable populations in
Peru are indigenous Andean groups, including the Aymara
and Quechua, who have the least access to care and a
prevalence of hypertension over 18% in older adults.16

The Addressing Hypertension and Diabetes through
Community-Engaged Systems in Puno, Peru (ANDES) trial
is investigating the use of a multi-component community
health worker (CHW) intervention aimed at reducing

hypertension in a high-risk, underrepresented population
(NCT05524987). During formative work, we aimed to
characterize anti-hypertensive medication adherence in
participants with and without comorbid T2D. We hypoth-
esized that adherence would be different between indi-
viduals with hypertension and those with hypertension and
comorbid T2D.

Methods

Study design and setting

We report a secondary analysis of data from the ANDES
trial, including data from the formative pilot study (con-
ducted between April and August 2022) and early baseline
data from the trial (collected between March 2023 and
September 2023). Puno, Peru is a rural, high-altitude An-
dean region with a significant indigenous population.13,17

Eligible participants were identified through a combination
of health fairs and patient registries.18 To be eligible, all
ANDES participants had a previous diagnosis of hyper-
tension and were on anti-hypertensive medication. We used
the Strengthening the Reporting of Observational studies in
Epidemiology (STROBE) guidelines in preparing this
work.19

Data collection

Data for this analysis was collected by field staff during a
baseline in-home visit. Surveys were administered by
trained field staff in Spanish or translated to local lan-
guages as necessary. Participants self-reported their an-
swers to field staff, who recorded responses using digital
tablets. Other questionnaires and health measures were
collected and reported separately. Blood pressure mea-
surements were taken in triplicate by CHWs, and the
average blood pressure measurement was used for
analysis. We included all eligible participants from the
pilot study as well as main trial participants who were
enrolled before 19 September 2023. Those enrolled after
this date were not included in this analysis, and when
individuals participated in both the pilot and main trial,
only the pilot data was retained for analysis. All data were
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collected and managed using Research Electronic Data
Capture (REDCap).20,21

Questionnaires

Treatment adherence to anti-hypertensive medications, the
primary outcome variable, was assessed using the Hill-Bone
Compliance scale. This scale was developed and validated to
assess anti-hypertensive therapy adherence.22 It is widely used
for research purposes, and it is free to use and easy to interpret.
A Spanish-validated version does not currently exist. We
independently translated and field tested the questionnaire
before roll-out. Disagreements between two translators were
resolved by discussion. All formswere field tested with CHWs
in Puno to ensure understanding in the local context.

The Hill-Bone Compliance scale consists of 14 ques-
tions and three subscales that use a Likert scale to assess
three key components of treatment compliance: reducing
sodium intake, appointment keeping, and medication
taking. The Hill-Bone Compliance scale ranges from 14 to
56 with higher scores indicating better medication ad-
herence and expected greater compliance with blood
pressure control behaviors.22 Subscale analysis of medi-
cation adherence was calculated by summing nine of the
14 items with a maximum score of 36 points.22 This
subscale focuses on prescription filling habits, forgetful-
ness, and intentionally deciding not to take anti-hyper-
tensive medications. Total scores for the dietary sodium
and appointment keeping subscales can have a maximum
score of eight and 12 points, respectively.22

We assessed self-reported comorbid T2D via a health
history questionnaire. This questionnaire was based on
previous work in Puno.14 The topics included previous
diagnoses of various chronic diseases, time since diagnosis,
and family history.

We collected sociodemographic characteristics using a
modified version of the ENDES questionnaire.17

Statistical analysis

The primary outcome of this analysis was adherence to anti-
hypertensive medications using the Hill-Bone Compliance
scale. Descriptive statistics were calculated using percentages
and cross-tabulation of variables. Sample normality was as-
sessed by comparing distributions of residuals and assumed
normal by the Central Limit Theorem due to the sample size
being over 100.23 Any non-responses were noted during
descriptive analysis and excluded from statistical analysis. For
continuous (and ordinal approximating continuous) variables
including age, adherence scores, and subset scores, Welch’s
two sample t-tests were performed to determine differences
between groups. A Chi-squared test was performed for cat-
egorical variables to determine significant differences between
groups. Single variable and multivariable linear regression

were performed to infer associations with adherence and
disease status. The most parsimonious model was selected
using the Akaike information criterion (AIC).24,25 This
model included age, comorbid diabetes, and household in-
come variables and excluded variables for district, sex, in-
surance type, education level, primary language, and marital
status.We conducted data analysis in the statistical package R
(version 4.2.1).26

Ethical considerations

All participants provided written informed consent after
research staff read the consent documents in their entirety,
translated into local languages where appropriate. Informed
consents were obtained by signature or fingerprint ac-
cording to the participant’s level of literacy with an addi-
tional research staff member present as a witness. The pilot
and main studies were approved by the institutional review
boards of Universidad Peruana Cayetano Heredia (forma-
tive work and main trial: IRB104372), Washington Uni-
versity in St. Louis (formative work: IRB202108158; trial:
IRB202301183), and Johns Hopkins University (formative
work: IRB00345868; trial: IRB00405654).

Results

Validation of the medication adherence scores

The internal consistency of the Hill-Bone Compliance scale
and medication adherence subscales were assessed using
Cronbach’s alpha (α = 0.61 and α = 0.69, respectively).

Participant characteristics

A total of 217 participants completed the Hill-Bone
Compliance scale; 13 records were excluded due to data
collection errors in which field workers allowed non-
standardized answers that invalidated some question-
naires. In total, data from 204 participants were analyzed;
79% (n = 162) had hypertension only and 21% (n = 42)
had comorbid hypertension and T2D. All participants
were prescribed medication to manage their hyperten-
sion. Population characteristics are presented in Table 1.
Overall, the sample was 60% female (n = 122), with no
significant difference in sex between groups. The mean
age of the sample population was 67 ± 11 years. Most
participants (67%; n = 137) were married, while some
were widowed (19%; n = 39). Most participants (80%, n =
160) lived in a peri-urban district, 77% (n = 157) reported
a monthly household income of 250 soles ($68 USD27) or
more, and 62% (n = 126) achieved higher than a sec-
ondary level of education. While 78% (n = 160) of
participants spoke primarily Spanish, 9% (n = 19) and
12% (n = 25) spoke primarily Quechua and Aymara,
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respectively. A statistically significant positive trend was
found between T2D and monthly household income greater
than 250 soles. Among participants with T2D, 85.7% (n = 36)
reported taking anti-hyperglycemic medications.

Adherence to hypertension treatment

The mean Hill-Bone Compliance scale score measuring
adherence to anti-hypertensive treatment was 49.6 ±
2.6 points and 47.9 ± 4.3 points in the comorbid hy-
pertension and T2D group and hypertension only group,
respectively (p <0.001) (Figure 1). Mean anti-hyper-
tensive Medication Adherence sub-scale scores were
31.3 ± 3.7 points for the hypertension only group and
32.8 ± 2.2 points for the comorbid hypertension and T2D
group (p <0.01) (Figure 2). Systolic blood pressure and
diastolic blood pressure were lower in the comorbid
hypertension and T2D group when compared to hy-
pertension alone, however this difference was not found
to be statistically significant. In both analyses, variability of
the range was reduced in the comorbid hypertension and T2D

group. The two additional sub-scales, appointment keeping
and reduced salt intake, did not demonstrate significant
differences between groups. These outcomes are presented in
Table 2.

Association between adherence to anti-hypertensive
medications, comorbid T2D, and household income

A regression model including comorbid hypertension and
T2D, age, and household income was judged to be the
most parsimonious model. Having comorbid hyperten-
sion and T2D was associated with a higher adherence
score. Having a monthly household income greater than
or equal to 250 soles was also positively associated with
higher adherence scores (Table 3). Equivalent regression
models investigated these factors related to the Medi-
cation Adherence sub-scale score with comparable results
(Table 4).

Regression coefficients from the model determined to
have best predictive value by AIC are presented with 95%
confidence intervals and p-values.

Table 1. Descriptive characteristics of 204 individuals with hypertension or comorbid hypertension and T2D in Puno, Peru.

Characteristic Overall, N = 2041 Hypertension Only, N = 1621
Comorbid Hypertension
and T2D, N = 421 p-value2

Age (years) 67 (11) 67 (12) 67 (9) 0.95
Sex 0.36
Female 60% (122) 62% (100) 52% (22)
Male 40% (82) 38% (62) 48% (20)

District 0.68
Acora 14% (29) 16% (25) 9.8% (4)
Chucuito 5.5% (11) 5.6% (9) 4.9% (2)
Puno 80% (161) 79% (126) 85% (35)

Insurance 0.63
EsSalud 70% (142) 69% (111) 74% (31)
SIS 30% (62) 31% (51) 26% (11)

Educational Attainment 0.58
Secondary or less 38% (78) 40% (64) 33% (14)
Over secondary 62% (126) 60% (98) 67% (28)

Household Income 0.63
<250 soles 23% (47) 24% (39) 19% (8)
250 soles or more 77% (157) 76% (123) 81% (34)

Primary Language 0.05*
Indigenous+ 21% (42) 23% (41) 3.8% (1)
Spanish 79% (162) 77% (137) 96% (25)

Marital status 0.21
Married 67% (137) 70% (113) 57% (24)
Separated/Divorced 6.9% (14) 6.2% (10) 9.5% (4)
Single 6.4% (13) 6.2% (10) 7.1% (3)
Widowed 19% (39) 18% (29) 24% (10)
No response 0.5% (1) 0% (0) 2.4% (1)

1Mean (SD); % (n),
2*p < 0.05; **p < 0.01; ***p < 0.001.
+In total, 9% (19) of participants spoke Quechua (9% of those with hypertension and 10% of those with comorbid hypertension and T2D) and 12% (25)
spoke Aymara (15% of those with hypertension and 2% of those with comorbid hypertension and T2D).
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Discussion

In this study, we found higher adherence to hypertension
treatment in participants with comorbid T2D compared to
that in participants with hypertension only. A reduction in
variability may indicate that not only is adherence better in
the comorbid group, but that comorbid patients are more
consistent in their adherence behaviors as a group.

Several adherence studies in LMICs have shown that
individuals with hypertension do not understand the risk
associated with nonadherence because they do not generally
experience symptoms without medication.28,29 Individuals
with untreated T2D, by contrast, likely experience symp-
toms without treatment leading them to be more
adherent.11,29 Additionally, individuals with T2D and hy-
pertension are more likely to experience worse cardiovas-
cular outcomes than those who only have hypertension,
likely encouraging them to be adherent to treatment4,11,29.

Better adherence is also often linked to higher socioeco-
nomic status.9,30 Household income greater than or equal to
250 soles monthly was associated with improved adherence
scores by regression analysis. Sub-scale analysis revealed
that this difference is primarily related to hypertension
medication adherence. Higher wealth index also allows for
improved access to medications and providers.9,29 While
this study did not see significant differences in household
income between groups, many studies cite higher wealth as
a risk factor for T2D and a facilitator to treatment
access.9,30,31 This analysis was unable to examine inter-
action between comorbid T2D and household income due to
sample size, except to say they are related. This warrants
further exploration of the impact of household income on
adherence, and how it may interact with different chronic
diseases.

The Hill-Bone Compliance scale measures treatment
compliance across several facets, however, only medication

Figure 1. Hill-Bone Compliance scale scores by disease status. Mean Hill-Bone Score was higher in those with hypertension (HTN) and
type 2 diabetes (T2D) when compared to those with only hypertension (49.6 vs. 47.9 points, respectively). There was also more
variability in the HTN only group (range of scores from 33 to 56 points) when compared to the HTN + T2D group (range of scores from
43 to 54 points). We displayed boxplots and overlaid density plots for each group. We also plotted mean scores and corresponding 95%
confidence intervals with a filled circle and vertical line for each group.
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Table 2. Mean adherence scores and blood pressure by group.

Outcome Overall, N = 2041
Hypertension Only,
N = 1621

Comorbid Hypertension
and T2D, N = 421 p-value2

Hill-Bone Compliance scale score (points) 48.3 (4.0) 47.9 (4.3) 49.6 (2.6) <0.01*
Subscales (points)
Medication adherence 31.6 (3.5) 31.3 (3.7) 32.8 (2.2) <0.01*
Appointment keeping 5.98 (1.27) 5.98 (1.33) 5.98 (1.05) 0.98
Reduced salt 10.67 (1.18) 10.64 (1.17) 10.79 (1.24) 0.50

Blood pressure (mm Hg)
Systolic 137.8 (20.8) 138.5 (20.7) 133.2 (21.3) 0.33
Diastolic 77.0 (13.2) 77.6 (13.7) 74.7 (10.9) 0.15

1Mean (SD);
2*p < 0.05; **p < 0.01; ***p < 0.001.
Means and standard deviations of both groups independently and combined between groups. The main outcome of Hill-Bone Compliance score and the
sub-scale medication adherence scores are both statistically different between groups, with increased variability in the hypertension only group.

Figure 2. Medication Adherence sub-scale scores by disease status. Similar to the Hill-Bone Compliance scale, Medication Adherence
sub-scale scores were higher in those with hypertension (HTN) and T2D compared to those with only hypertension (32.8 vs. 31.3
points, respectively). There was again a larger degree of variability in the HTN only group (range of scores from 16 to 37 points) when
compared to the HTN + T2D group (range of scores 28 to 37 points). We also plotted mean scores and corresponding 95% confidence
intervals with a filled circle and vertical lines for each group.
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adherence differed significantly between groups. The co-
morbid group had higher medication adherence scores with a
similar trend in range variability, suggesting that differences
in overall adherence between these two groups can be ex-
plained by medication adherence. This may be explained by
exacerbated symptoms in comorbid patients, as previously
described, but this may not be the whole picture. Some of the
most common reasons for non-adherence to hypertension
medication are side effects.5,9,11 Although we did not mea-
sure side-effects in this study, these include dizziness,
headaches, lower limb swelling, stomach discomfort, and/or
reduced sexual drive.5,11 If a patient experiences side effects,
but no noticeable worsening of hypertension symptoms
without medication, they are less inclined to adhere.30 Recent
studies have linked drug type to patient adherence, with
angiotensin-converting enzyme (ACE) inhibitors and di-
uretics being the most tolerable hypertensionmedications.5,28

Generally, in patients with comorbid hypertension and T2D,
the official recommendation from the Peruvian Ministry of
Health (MINSA, for the Spanish acronym) is for ACE in-
hibitors over calcium channel blockers, which could con-
tribute to why these patients are more tolerant and adherent to
their medication.32–34

Historically, research has shown that a higher disease
burden contributes to reduced treatment adherence.4,10,29 The
increased pressure to comply can be overwhelming, often
contributing to higher rates of depression among patients
with multiple NCDs, which in turn adds to treatment

nonadherence.28–30 However, more recent studies have
linked poly-pill treatment plans and co-existing NCDs to
higher rates of adherence.28,30 Patients with multiple NCDs,
when compared to those with one illness, are more likely to
have prior hospitalizations and perceive high risk of disability
and/or death from treatment noncompliance.4,10 Previous
studies suggest that these patients often have built relation-
ships with providers and are more likely to trust their
treatment recommendations.11

Furthermore, a key non-modifiable risk factor for
nonadherence is older age. Older patients are more likely to
have multiple NCDs, yet there is an emerging divide on how
this affects adherence.9,10 The participants had no signifi-
cant difference in age between groups. Several studies cite
older age as negatively impacting adherence due to a higher
likelihood of cognitive decline, forgetfulness, and
frailty.10,29 However, younger age has also demonstrated
negative impact given difficulty coming to terms with a
chronic treatment course.3 The differing trends could be
explained by differences in the definition of adherence
between studies.30 Several use self-reported scores, like
ours, while others review hypertension medication used; all
present significant variability.10,30,31 In general, adherence
trends are highly context specific and based on more than
sociodemographic factors.10,31

A strength of this study is the use of the Hill-Bone
Compliance scale, a reliable measure of compliance vali-
dated across populations and contexts.22 However, since

Table 3. Linear regression coefficients for age, disease status, and household income on Hill-Bone Compliance scores.

Characteristic Mean difference in score SE2 p-value3 95% CI4

Age1 in years 0.04 0.40 0.93 [-0.74, 0.82]
Comorbid diabetes (hypertension alone is reference) 1.5 0.68 0.025* [0.19, 2.9]
Household income 250 soles or more (< 250 soles is reference) 2.0 0.68 <0.01** [0.61, 3.3]

1Coefficient presented in terms of covariate interquartile range (15.5 years);
2SE = Standard Error;
3*p < 0.05; **p < 0.01; ***p < 0.001;
4CI = Confidence Interval.
Regression coefficients from themodel determined to have best predictive value by AIC are presented with 95% confidence intervals and p-values. There is
a statistically significant positive trend with T2D diagnosis and household income greater than 250 soles.

Table 4. Linear regression coefficients for age, disease status, and household income on Medication Adherence sub-scale scores.

Characteristic Mean difference in score SE2 p-value3 95% CI4

Age1 in years 0.10 0.34 0.77 [-0.57, 0.77]
Comorbid diabetes (hypertension alone is reference) 1.4 0.59 0.02* [0.24, 2.6]
Household income 250 soles or more (< 250 soles is
reference)

2.0 0.59 <0.001*** [0.87, 3.2]

1Coefficient presented in terms of covariate interquartile range (15.5 years);
2SE = Standard Error;
3*p < 0.05; **p < 0.01; ***p < 0.001;
4CI = Confidence Interval.
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both hypertension and T2D status were both self-reported,
there is the potential for bias; therefore, a secondary, ob-
jective method for measuring adherence, such as blood or
urine spectrometry analysis, is recommended for future
work. In this participant group, 21% of participants did not
speak Spanish as their primary language, instead they spoke
Quechua or Aymara (indigenous languages). Thus, the
sample size was too small to examine the impact of in-
digenous background on adherence. Another limitation was
that we were unable to use a standardized version of the Hill
Bone Compliance scale translated and validated in either
Aymara or Quechua when we interviewed participants;
however, it is important to note that most participants also
spoke Spanish. For these participants, we relied on our
community health workers who spoke Aymara and Que-
chua to help with Spanish words that required translation.
Indeed, since the proportion of participants who spoke
Spanish as their first language was high (79%), this effect
was likely limited. Future studies, particularly those in
regions with significant populations of indigenous speaking
communities, should consider language as a variable and
explore the impact on risk perception, provider engagement,
and treatment adherence. Additionally, the small sample
size of this analysis limits generalizability to a larger
population. However, our analysis highlights potential
trends in the relationship between comorbid hypertension
and T2D and treatment adherence, which can be further
explored in future work. Also, this study, like many others,
only considers adherence to hypertension treatment even
though both hypertension and T2D require life-long
treatment.32,34 Research has shown that while individuals
may be adherent to one treatment, they may not be adherent
to all when having multiple chronic diseases.29,30 This leads
to gaps in knowledge regarding the dynamic interactions
between chronic diseases, patient behaviors, and health
outcomes. The small sample size of this study also limits
generalizability beyond the Puno population and did
not allow for further stratification into participants who
had hypertension and other comorbid conditions beyond
T2D. Since other comorbid conditions in participants
could contribute to differences in medication adherence
between groups, this should be studied during the main
ANDES trial. Additionally, due to wanting to avoid
excessive burden to the participants during formative
research, we did not collect some information that
would have been interesting to study. For example, in-
formation on the number of medications participants were
taking could have added additional variables to the
analysis.

It is also important to consider the direct impact of each
disease on an individual given that hypertension often does
not have a significant impact on daily life, while T2D
presents concerning symptoms that may deter delays in
treatment. Understanding what level of symptoms and side

effects patients find tolerable may help health professionals
identify key opportunities to inspire adherence. Other pa-
tient level explanations for improved medication adherence
in comorbid patients may be the impact of provider rela-
tionships, perception of CVD risk, or direct hypertension
medication related factors such as side effects.

Our findings add to the growing body of evidence that
hypertension medication adherence — especially among in-
dividuals with multiple NCDs is complex and increasingly
important. A better understanding the drivers of adherence in
individuals with complex care regimens is essential to develop
health systems and practices such as educational plans and
policies.
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