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Abstract

Background—Over a quarter of the world’s adult population has hypertension, yet achieving
adequate treatment or control targets remain a challenge.

Objective—To identify, longitudinally, characteristics associated with antihypertensive treatment
and blood pressure (BP) control among individuals with hypertension.

Methods—Data from individuals enrolled in the population-based CRONICAS Cohort Study
(adults =35 years, living in four different rural/urban and coastal/high-altitude Peruvian settings)
with hypertension at baseline was used. Antihypertensive treatment and BP control were assessed
at baseline and at 15 months. Multinomial logistic regressions were used to estimate relative-risk
ratios (RRR) and 95% confidence intervals (95% CI) of factors associated with antihypertensive
treatment and BP control at follow-up.
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Results—At baseling, among 717 individuals with hypertension (53% female, mean age
61.5+12.4 years), 28% were unaware of their hypertension status, 30% were aware but untreated,
16% were treated but uncontrolled, and 26% were treated and controlled. At follow-up, 89% of
unaware and 82% of untreated individuals persisted untreated, and only 58% of controlled
individuals remained controlled. Positive predictors of receiving treatment at follow-up included
age (RRR 0.81, 95% CI: 0.73-0.91 for every 5 years) and family history of a chronic disease
(RRR 0.53, 95% CI: 0.31-0.92, vs. no history); whereas Puno rural site (RRR 16.51, 95% CI:
1.90-143.56, vs. Lima) and male sex (RRR 2.59, 95% CI: 1.54-4.36) were risk factors. Systolic
BP at baseline (RRR 1.27, 95% CI: 1.16-1.39 for every 5 mmHg) and male sex (RRR 1.75, 95%
Cl: 1.02-2.98) were risk factors for being uncontrolled at follow-up.

Conclusion—Large gaps in treatment of hypertension were observed. Targeting specific
populations such as men, younger individuals or those without family history of disease may
increase coverage of antihypertensive treatment. Also, targeting male individuals or those with
higher systolic BP could yield better rates of BP control in the short term.
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INTRODUCTION

Worldwide, over a quarter of the adult population has hypertension, with a disproportionate
burden on developing countries [1, 2]. Despite hypertension-related mortality has decreased
around the world [3, 4], hypertension still remains as a leading cause of global mortality [5].

Achieving optimal BP control is an important goal of hypertension management. It has been
estimated that only 50-75% of hypertensive individuals are aware of their diagnosis, and
12-41% of those diagnosed receive treatment or achieve control targets [6-9]. In Peru, the
prevalence of hypertension varies from 11% in rural areas to 29% in urban populations [10].
However, it has been estimated that only 6% of individuals with hypertension receive
treatment and are adequately controlled with blood pressure (BP) level <140/90 [11].

Hypertension management is a long-term process that is commonly challenging for patients
and healthcare providers. A combination of lifestyle modification and pharmacologic
treatment with antihypertensive medication is essential to achieving adequate BP control
[12-14], yet nearly half of patients discontinue their antihypertensive regimens within the
first year [15]. Poor BP control may be explained by unawareness of hypertension diagnosis,
lack of knowledge of target BP goals, nonadherence to pharmacologic treatment [16], and
unhealthy lifestyles [17]. Information from prospective studies from low- and middle-
income country settings revealing the characteristics of individuals at risk of not taking
medication or achieving BP control is scant.

Identifying predictors of BP treatment and control is needed to adequately design and
implement interventions to improve treatment and BP control rates. In this study, we aimed
to characterize factors associated with the use of antihypertensive medication and BP control
in the short-term, according to previous awareness, treatment, and BP control status.
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Study design and setting

This study is an analysis in a sample of participants of the CRONICAS Cohort Study, a
longitudinal, population-based study aimed to determine progression towards cardiovascular
and chronic pulmonary diseases in Peru. The original study design, have been described
elsewhere [18]. Briefly, a random age- and sex-stratified sample of individuals aged 35 years
and above was selected from four different sites, spanning three regions that differ by degree
of urbanization and elevation. These regions include: 1) Pampas de San Juan de Miraflores,
a highly-urbanized periurban community on the coast of Lima; 2) Puno, located in the
Andes at 3,825 meters above sea-level, which contributed with both urban and rural sites;
and 3) Tumbes, a semi-urban group of villages in the northern coast of Peru. Health
indicators in Puno were worse than those in Tumbes and Lima. According to Peru’s national
2007 census, only 27% of Puno’s population have a health insurance; followed by 37% in
San Juan de Miraflores, and 48% in Tumbes [19]. In 2010, there were 1,412 inhabitants per
physician in Puno, 1,184 in Tumbes, and 355 in Lima [20].

Study participants

Procedures

For this study, we restrict our analysis to those participants who were classified as
hypertensive at baseline and in whom complete data on BP, antihypertensive medication and
cardiometabolic risk factors evaluation were available. Hypertension was defined as 1)
measured systolic blood pressure (SBP) 2140 mmHg or diastolic blood pressure (DBP) =90
mmHg, or 2) self-reported diagnosis of hypertension (performed by a physician), or 3)
current use of antihypertensive medication. All subjects were informed of their BP levels
and those with elevated BP readings were recommended to seek medical care at their nearest
health facilities.

Evaluation of participants was completed by trained and standardized research staff. At
baseline, the protocol included a questionnaire to collect information about socio-
demographic characteristics, cardiometabolic and behavioral risk factors, antihypertensive
treatment, as well as personal and family medical history of cardiovascular disease and other
chronic diseases. BP was measured in triplicate after a 5-minute period of rest using an
automatic blood pressure device (OMRON HEM-780). For the analysis, the mean value of
the second and third measurements was used [21]. Anthropometric measures and laboratory
analyses were conducted following standard procedures [18]. The protocol at 15-month
follow-up was similar than the one used at baseline.

Exposure variables at baseline

Socio-demographic variables included sex, age (years), study site (Lima, urban Puno, rural
Puno and Tumbes), and education level [primary or less (<6 years), secondary (6—12 years),
and superior (=12 years)]. Socioeconomic status was divided into three categories
corresponding to tertiles of the assets and household facilities dimensions of the composite
wealth index score [22].
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For analytic purposes, variables of interest were categorized using commonly reported
cutoffs, when available. Three cardiometabolic and one behavioral factor were dichotomized
according to the recommendations of the American Heart Association’s (AHA) ideal
cardiovascular health metrics [23]. Body mass index (BMI) was divided into healthy (18.5—
24.9 kg/m?) and excess of weight (=25.0 kg/m?2), total serum cholesterol into healthy (<200
mg/dL without cholesterol lowering medication) and unhealthy (=200 mg/dL or cholesterol
lowering medication use), fasting blood glucose was divided into healthy (<100mg/dL
without glucose-lowering medication use) and unhealthy (=100mg/dL or glucose-lowering
medication use), and tobacco use into never/former smoker (not smoking even one cigarette
for the last year or more) and current smoker (self-report of currently smoking). Physical
activity, assessed using the leisure time domain of the International Physical Activity
Questionnaire (IPAQ), was used to classify participants as active (=75 min/week vigorous
intensity or =150 min/week moderate and vigorous intensity activity) or inactive (less than
that amount), self-report of fruit and vegetable intake was used to classify participants as
having a healthy (=4.5 cups of fruits and vegetables/day) or unhealthy (<4.5 cups of fruits
and vegetables/day) diet, and alcohol consumption, which was assessed using the Alcohol
Use Disorders Identification Test (AUDIT), was used to divide drinking patterns into not-
hazardous (AUDIT score <7) and hazardous (AUDIT score >8) [24, 25]. Personal history of
disease included a diagnosis of heart disease or stroke by a physician. Family history of
disease was based on self-report of a relative with a cardiometabolic disease such as high
BP, heart disease, high serum cholesterol, diabetes, stroke, or other chronic disease like
tuberculosis, asthma, chronic bronchitis, chronic obstructive pulmonary disease or lung
cancer.

To incorporate hypertension awareness, antihypertensive treatment, and BP control (A-T-C)
into a single analysis, a composite measure was created which yielded the following
categories: 1) the unaware group (participants with SBP =140 mmHg or DBP =90 mmHg,
without a physician diagnosis of hypertension and without antihypertensive treatment), 2)
the untreated group (participants with a diagnosis of hypertension by a physician, without
antihypertensive treatment), 3) the uncontrolled group (participants taking antihypertensive
treatment with SBP =140 mmHg or DBP =90 mmHg), and 4) the controlled group
(participants taking antihypertensive treatment with SBP <140 mmHg and DBP <90
mmHg).

Study outcome

At 15-month follow-up, antihypertensive treatment and BP control status were assessed and
incorporated into a single 3-categories outcome (untreated, uncontrolled and controlled). A
participant was included in the untreated category if he/she did not take at least one
antihypertensive medication, once per week, during the last month. Uncontrolled BP was
defined as SBP =140 mmHg or DBP =90 mmHg among participants taking antihypertensive
medication. Awareness was not considered at follow-up because all participants included in
the analysis had to satisfy the definition of hypertension at baseline and were informed of
their hypertension diagnosis.
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Statistical Power

Using a two-tailed alpha level of 0.05, with 717 participants, the study had 80% of power to
detect risk ratios of treatment and BP control of 1.55 or higher, or 0.64 or lower. Statistical
power was calculated using Power Analysis and Sample Size PASS software (version 11,
NCSS LLC, Kaysville, Utah, USA).

Statistical Analysis

A description of sociodemographic, cardiometabolic and behavioral characteristics was
performed for each of the four baseline A-T-C groups. Continuous variables are presented as
mean (xstandard deviation) and categorical variables are presented as proportions.
Associations between baseline characteristics and treatment and BP control at follow-up
were assessed using chi-squared for categorical variables and #student or ANOVA tests for
continuous variables. Those characteristics statistically associated with the outcome of
interest were included in a nested multinomial logistic regression model [26] to identify
potential baseline risk factors associated with treatment and BP control at follow-up. The
Akaike information criterion (AIC) was used to select the variables with the better fitting
model. Unadjusted and adjusted relative risk ratios (RRR), with 95% confidence intervals
(95% CI), of being untreated, uncontrolled, and controlled at follow-up were estimated.
Because BP measurements were only conducted during one visit, a sensitivity analysis was
performed using higher thresholds for SBP (145 mmHg and 150 mmHg) to define
unawareness status. This was done to minimize the possibility of including individuals
without hypertension in the study. All analyses considered a two-tailed p-value less than
0.05 to be statistically significant. Stata 12.1 (Stata Corporation, College Station, Texas,
USA) was used for data analyses.

Ethical Considerations

All participants of the CRONICAS Cohort Study provided verbal informed consent. Verbal
consent was chosen over written consent due to high rates of illiteracy especially in rural
areas. The CRONICAS Cohort Study was approved by the Institutional Review Boards at
Universidad Peruana Cayetano Heredia and A.B. PRISMA, in Lima, Peru, and at the
Bloomberg School of Public Health, Johns Hopkins University, in Baltimore, USA.

RESULTS

Participants

A total of 3601 individuals were enrolled into the study. At baseline, 877 (24.4%)
individuals with hypertension were identified. However, 88 individuals were excluded
because they did not have complete data, and 3 because their BMI was lower than 18.5
kg/m2. Of the 786 eligible participants at follow-up, 3 (0.4%) individuals were dead, 59
were lost to follow-up and 7 did not have BP data or antihypertensive treatment. Therefore,
717 individuals (82% response rate), 53.4% female, mean age 61.5 years (SD: 12.4) were
included in the analyses (Figure 1).
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Characteristics of study participants at baseline

At baseline, 362 (50.5%) individuals had high levels of SBP and/or DBP, 505 (70.4%) had a
diagnosis by a physician, and 298 (41.6%) were taking antihypertensive medication.
Moreover, 204 (28.4%) individuals were unaware of their hypertension status, 215 (30%)
were untreated, 115 (16%) were uncontrolled, and only 183 (25.5%) were controlled.

Sociodemographic, cardiometabolic and behavioral characteristics according to A-T-C
groups at baseline are presented in Table 1. The highest proportion of male individuals was
in the unaware group (70%); it decreases in the untreated group and becomes the lowest in
the controlled group (32%). Age varied across groups without a clear trend. Socioeconomic
status were similar between A-T-C groups. The predominant educational level was primary
or less (58%). The untreated group had the highest proportions of secondary (29%) and
superior (23%) education level. Only 10.5% of individuals met 4-to-6 of the ideal
cardiovascular health metrics. Personal history of heart disease and stroke were infrequent
(10.7% and 1.3%, respectively). Family history of disease was more frequent and increased
with awareness, treatment and BP control.

Factors associated with ttreatment and control of hypertension at follow-up

Individuals were followed on average for 15.5 months (3.5 months). At follow-up, 408
(56.9%) individuals were untreated, 127 (17.7%) were uncontrolled, and 182 (25.4%) were
controlled.

A quarter of all individuals (n=190, 26.5%) moved from their baseline A-T-C groups to
other groups at follow-up. From the unaware group at baseline, 22 (10.8%) individuals
became treated at follow-up, but only 8 (3.9%) had their BP controlled. From the untreated
group at baseline, 39 (18.1%) individuals became treated at follow-up, and 29 (13.5%) had
their BP controlled.

On the other hand, 39 (33.9%) individuals from the uncontrolled group at baseline became
controlled at follow-up, but other 13 (11.3%) became untreated. From the controlled group
at baseline, only 106 (57.9%) remained controlled, and 37 (20.2%) became untreated
(Figure 2).

Factors associated with treatment and BP control are presented in Table 2. Being female,
having unhealthy cardiometabolic factors, personal and family history of disease were
associated with taking treatment and achieving BP control at follow-up. Smoking and
hazardous alcohol drinking at baseline were associated with being untreated at follow-up.
Even, if individuals were treated at follow-up, they were more likely to have their BP
uncontrolled.

Multinomial regression analyses

Results from the nested regression model are presented in Table 3. All models used the
treated and controlled group at follow-up as the reference category.
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Risk factors for being untreated at follow-up were A-T-C status at baseline, living in rural
Puno, and male sex. Increasing age and family history of chronic disease were found to be
protective factors.

Among those receiving treatment at follow-up, SBP levels at baseline (for each 5 mmHg
increase) and male sex were predictors of not meeting BP control targets.

Sensitivity Analysis

Using a SBP cut-off of 145 mmHg to diagnose unawareness, the distribution and the
predictors of treatment and BP control at follow-up remained unchanged.

Using an SBP cut-off of 150 mmHg, the proportion of individuals untreated at follow-up
increased only 1% at the expense of the controlled ones. Additionally, having healthy total
serum cholesterol at baseline gained marginal statistical significance as predictor of being
untreated at follow-up (RRR: 1.71, 95% ClI: 1.01-2.87).

DISCUSSION

Main findings

The proportion of controlled individuals who became uncontrolled or untreated at follow-up
was much higher than the proportion of unaware and untreated individuals who became
treated or achieved BP control. Becoming untreated was more frequently observed among
previously controlled individuals. Predictors of taking antihypertensive treatment or
achieving BP control in the short-term were not the same. A-T-C status, younger age, living
in Puno, and lack of family history of a chronic disease at baseline were risk factors for
being untreated 15 months later; while higher SBP at baseline was risk factor of being
uncontrolled in the short term. Male sex was the only predictor of both, not taking treatment
and being uncontrolled 15 months later.

Comparison with other studies

In newly diagnosed hypertensive patients from developed countries, incidence of
antihypertensive treatment initiation varies widely from 80% in 3 months to 40% in 4 years
[27-30]. This range is much higher than the 10.8% found in our study. In addition,
persistence of treatment within one year after diagnosis has been reported around 50% [31-
33].

Our study shows a low rate of BP control at follow-up, even in patients with previously
controlled BP. In contrast, studies from Japan and Turkey have reported BP control rates
from 16% to 48% in previously uncontrolled, and from 35% to 72% in previously controlled
individuals [34, 35]. However, their BP goals for patients with diabetes or older age were
lower than ours.

This study shows that being female and older age were associated with taking treatment,
which has been reported in other cross-sectional studies [36—38]. The protective role of
healthier lifestyles including practicing leisure time physical activity and absence of
smoking, as reported in other studies [38, 39], was not reproduced in our study.
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Cross-sectional studies have shown the role of weight [39, 40] and lifestyle modification
[41] on BP control. One recent study showed that weight gain, elevated baseline LDL
cholesterol, and no reduction in fasting glucose were predictors for failing to maintain BP
goals [42]. However, in our study, no cardiometabolic or behavioral factors were associated
with BP control. In addition, being male was the only socio-demographic associated with
uncontrolled BP in our study [36, 40, 41].

Findings interpretation

The group with unaware status at baseline may have incorporated individuals without
established clinical hypertension, e.g. white-coat hypertension, elevated BP values in the
presence of a health care worker but not in the home environment [43-45]; or, regression to
the mean phenomena, i.e. initial elevated BP values that later turn into lower BP values
without any intervention [46, 47]. These two particularities would partially explain the lack
of treatment initiation at follow-up. Yet, only when SBP was set as the 150 mmHg cut-off,
minimal changes were observed, showing the robustness of our results. In addition, the
untreated group had a similar behavior at follow-up, suggesting that other reasons could
explain this lack of treatment initiation. A qualitative study may help to elucidate if the low
treatment initiation rate is because the disease is asymptomatic, the non-acceptance of
having a chronic disease, the rejection to start medication [48-50], or preference to
behavioral changes rather than medication [51], or if the driving of non-adherence is poor
execution or non-persistence once treatment has been initiated [15]. Treatment
discontinuation is a big problem since it is usually an intentional decision, and restarting
treatment on these individuals is more difficult [52].

Living in rural Puno was associated with not taking treatment, which could be explained by
its low-income level [38], the rural setting [39], or the low education level [53]. However,
non-communicable diseases are so related with low socioeconomic status that other potential
explanations need to be further explored [54]. For example, barriers for access to health care
and treatment in Lima include: difficulties to get a medical appointment, low affordability of
medication, reduced treatment adherence and low access to self-monitoring equipment [55].
It is expected to find low treatment rates in Puno, where 73% of population do not have a
health insurance [19] and the number of inhabitants per physician is four times that of Lima
[20]. Individuals with personal history of cardiovascular diseases or with family history of
other chronic diseases were more likely to be treated and controlled. It suggests that having
other diseases and/or other health-related experiences could influence on acceptance of
disease, decision to take treatment and treatment compliance [50, 51]. Despite this
observation, a warning signal comes from other longitudinal studies that have shown that
hypertensive populations without other medical comorbidities are less likely to achieve BP
control targets [35, 56].

Limitation and strengths

Our study has some limitations that merit consideration. Selection bias, due to individuals
excluded because incomplete data, cannot be ruled out. Nevertheless, our findings about
awareness, treatment and BP control prevalence are similar to other community-based
studies in Latin-American population supporting the validity of our results [7, 57]. In line
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with previous studies, the definition of hypertension was based on BP measurements taken
on a single visit [8, 37, 39, 40, 57] which could misclassify healthy individuals as unaware
of their hypertension condition. As previous recommendations [21], BP measurements
should be taken in two or more visits to avoid potential overestimation of hypertension
status. Duration of disease and adherence to treatment was not ascertained with precision,
but on the contrary, our study benefited from a large population-based study unraveling
major proportions of unawareness of hypertension status and initiation of treatment in the
short term.

Also, the prospective design of our study allowed the identification of protective factors as
well as risk factors for well-defined profiles of treatment and control over time. These
factors, albeit not modifiable, are easy to be recognized and could inform and frame resource
allocation of future public health interventions targeting groups at risk. This study
emphasizes the importance of identifying and distinguishing among risk factors that help to
predict antihypertensive treatment from those that help to predict adequate BP control after
15 months. These characteristics should be taken in account in order to detect which patients
would need more or strongest interventions to achieve goals of treatment or BP control.

CONCLUSIONS

Large treatment gaps were observed on a short-term 15-month evaluation of Peruvian adults
with hypertension. Many missed opportunities for advancing BP treatment and control were
identified including i) getting patients on pharmacological treatment, e.g. more than 80% of
patients potentially aware of their hypertension status were not receiving treatment, ii)
improving the proportion of patients on treatment that achieve control, e.g. nearly 60% of
those treated at baseline remain uncontrolled, and iii) protecting the gains of those
controlled, e.g. nearly 40% of those controlled at baseline discontinued treatment or were
not controlled at follow up. Targeting specific populations such as men, younger individuals
or those without family history of disease may increase coverage of antihypertensive
treatment. Also, targeting male individuals or those with higher systolic BP could yield
better rates of BP control in the short term. Better strategies, including implementation
designs tailored to each of the groups studied given their risk profile paired with patient’s
challenges and needs, are required to ensure better treatment coverage and control rates.
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HIGHLIGHTS

The majority of subjects with hypertension correspond to the unaware (28%) or
aware but untreated (30%) categories.

Between of 80-90% of patients in these two groups remain untreated at 15
months.

42% of individuals whose blood pressure was controlled at baseline no longer
do so at follow-up.

Implementation designs tailored to groups according to their risk profile
together with patient’s challenges and needs are required.
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3601 individuals from the CRONICAS cohort study.
- 1105 (30.7%) from Lima.

- 764 (21.2%) from semi-urban Puno.

- 700 (19.4%) from rural Puno.

- 1032 (28.7%) from Tumbes.

\ 4

877 (24.4%) individuals with arterial hypertension.
- 433 (49.4%) SBP >140 mmHg or DBP >90 mmHg.

- 624 (71.2%) physician diagnosis of hypertension.
- 348 (39.7%) anti-hypertensive medication.

A 4

786 (89.6%) individuals with complete data at baseline.

\ 4

724 (92.1%) individuals assessed at 15-month follow-up.

\ 4

717 (99.0%) individuals included in the analyses.

SBP: systolic blood pressure, DBP: dyastolic blood pressure.

*Diagnosis of arterial hypertension was based on blood pressure measurement, physician diagnosis, and anti-hypertensive medication use.

Figure 1.

Inclusion of participants in the study
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30 (3.4%) missing A-T-C group data.
53 (6.0%) missing total cholesterol data.
(0.6%) missing smoking status data.

r
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[ e f
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3 (0.4%) individuals died. 1
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I- 1(0.1%) missing anti-hypertensive data. I
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Figure 2.
Antihypertensive treatment and blood pressure control at follow-up according to baseline

status (N=717)
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