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Abstract 

Background  Community-based blood pressure monitoring is essential for effective hypertension management, 
especially in low- and middle-income countries like Indonesia, where community health volunteers (CHVs) are vital. 
However, there is a lack of strong evidence regarding which aspects of CHV support are most effective at encouraging 
regular blood pressure monitoring. This study examined the spatially adjusted relationship between the prevalence 
of regular blood pressure monitoring and the specific traits of Indonesian CHV support.

Methods  The researchers conducted an ecological study utilizing sub-district level data from the fifth wave 
of the Indonesian Family Life Survey. The analysis included data on 25,829 individuals across 1774 sub-districts, 
with a focus on 612 CHVs in 259 sub-districts. To explore the spatially adjusted relationships between regular blood 
pressure monitoring and 16 CHV traits, ordinary regression and spatial regression models were employed. Addition-
ally, geographically weighted regression (GWR) was implemented to examine geographical variations in the strength 
of these associations.

Results  The overall prevalence of regular blood pressure monitoring across the 1774 sub-districts was 17.5%. 
Regression models revealed positive associations between this prevalence and CHVs being described as “considerate 
and kind” (B = [3.85, 4.24], p = 0.038–0.048) and “helpful” (B = [4.60, 4.82], p = 0.038–0.041). The GWR analysis showed 
notable variations in regression coefficients, with “considerate and kind” yielding B = [3.79, 4.07] and “helpful” yield-
ing B = [4.42, 4.79], both demonstrating stronger associations in the western and northern region of Sumatra Island. 
Meanwhile, “values artistic/aesthetic experiences” showed a negative association, significant only in spatial regression 
models (B = [− 2.47, − 2.44], p = 0.046–0.048).

Conclusions  This study emphasized the crucial role that CHVs play in promoting regular blood pressure monitor-
ing in Indonesia. Compassion, kindness, and helpfulness were especially vital for improving community-based blood 
pressure monitoring, which leads to the better management of hypertension.
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Background
High blood pressure, or hypertension, has become a 
major global health issue, especially in low- and middle-
income countries (LMICs). In the past 30 years, the num-
ber of people aged 30–79 who are affected by high blood 
pressure has doubled from 648 million to 1.28 billion, 
with most cases occurring in LMICs [1, 2]. In Indonesia, 
the prevalence of hypertension among individuals aged 
18 and above has surged from 25.8% in 2013 to 30.8% in 
2023 [3, 4]. Effective strategies for preventing and con-
trolling hypertension are urgently required, especially in 
resource-limited settings. 

Community-based blood pressure monitoring is 
essential for preventing and managing hypertension in 
resource-limited settings, where community health vol-
unteers (CHVs) play a crucial role. Numerous systematic 
reviews have emphasized the importance of home and 
primary health care initiatives in enhancing blood pres-
sure management [5–9]. Despite this, many individuals 
with elevated blood pressure in LMICs remain undiag-
nosed; only 73.6% of individuals report having ever had 
their blood pressure measured [10]. The consequences 
of undiagnosed and uncontrolled hypertension can be 
severe, leading to increased mortality and morbidity 
from conditions such as kidney disease, heart disease, 
and stroke [11, 12]. Additionally, these health issues con-
tribute to rising healthcare costs [13] and lost productiv-
ity [14].

In Indonesia, community health posts known as posy-
andu lansia or posbindu play a vital role in blood pressure 
monitoring and health education. These posts, which 
are managed by healthcare professionals like nurses and 
CHVs, locally called kader kesehatan, provide monthly 
opportunities for individuals to have their blood pressure 
checked and receive essential health information [15, 16]. 
There is global evidence that CHVs are instrumental in 
promoting health in communities, including blood pres-
sure management behaviors [17–21]. Nevertheless, there 
is also a significant lack of research on which specific 
traits of CHVs are most effective in promoting regular 
blood pressure monitoring among community members.

Spatial analysis can improve our understanding of 
true associations based on spatial dependence. Tobler’s 
first law of geography asserts that “everything is related 
to everything else, but near things are more related than 
distant things” [22]. For example, a sub-district that 
shows a strong correlation between regular blood pres-
sure monitoring and CHVs’ support will likely be situ-
ated near other sub-districts with similar correlations. To 
accurately evaluate these relationships, spatial regression 
models can be utilized to account for spatial effects [23], 
as traditional regression models may yield invalid results 
by overlooking these dependencies. Moreover, spatial 

analysis can illuminate regional variations in the strength 
of associations. While the traditional ordinary least 
squares (OLS) model assumes that coefficients remain 
constant across a studied area, geographically weighted 
regression (GWR) accounts for possible spatial varia-
tion in these relationships [24]. For instance, some sub-
districts will exhibit stronger links between regular blood 
pressure monitoring and support from CHVs, while oth-
ers will show weaker connections. GWR is especially 
effective for calculating locally specific coefficients that 
capture these variations.

This study aimed to: (1) map the geographic distribu-
tion of regular blood pressure monitoring prevalence 
across sub-districts in Indonesia, (2) identify the traits of 
CHVs associated with this prevalence, and (3) clarify the 
regional variations in the strength of these associations. 
The findings highlight the most effective CHV support 
methods that enhance regular blood pressure monitoring 
at the community level, providing valuable insights for 
community-based intervention strategies for preventing 
and controlling hypertension.

Methods
Data source and study population
This ecological study utilized data from the fifth wave of 
the Indonesian Family Life Survey (IFLS-5), which was 
conducted in 2014–2015. This data was downloaded 
on December 25, 2021. The IFLS is an ongoing longitu-
dinal survey initiated in 1993–1994, with subsequent 
waves conducted in 1997–1998, 2000, 2007–2008, and 
2014–2015 by RAND Corporation and Survey Meter. 
This survey offers comprehensive information on Indo-
nesian demographics, life, and health indicators at the 
individual level and is representative of approximately 
83% of the Indonesian population in 13 out of 27 prov-
inces [25]. This study focused on individuals aged 15 and 
above. The researchers collected individual-level data, 
which were linked and aggregated at the sub-district level 
for analysis, using the sub-district as the unit of analysis. 
Additionally, geospatial vector data was obtained on May 
5, 2022 [26].

Variables and data process
The objective variable measured was the percentage of 
respondents in each sub-district who reported having 
their blood pressure checked regularly. This was assessed 
with the question, “How regularly have you had your 
blood pressure checked?” Respondents could answer 
with either “regularly” or “irregularly.” The percentage of 
individuals who answered “regularly” was then calculated 
for each sub-district.

The explanatory variables comprised 16 CHV traits. 
In this study, CHVs were defined as individuals who 
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answered “Yes” to the question, “During the last 12 
months, did you participate in or use posyandu lan-
sia (community health posts)?” and selected “labor/
time” from the available options (“labor/time,” “money,” 
“goods”). The mean values of the 16 traits were calcu-
lated for each sub-district. Each trait was indicated by 
the respondents’ level of agreement, measured on Lik-
ert scales from 1 (“strongly disagree”) to 5 (“strongly 
agree”) for items 1–15, and from 1 (“strongly agree”) to 
4 (“strongly disagree”) for item 16. To ensure consistency, 
the scale was reversed for item 16, which aligned it with 
items 1–15. The 16 traits and their related items were as 
follows:

	 1.	 Talkative: “I see myself as someone who is talka-
tive;”

	 2.	 Thorough: “I see myself as someone who does a 
thorough job;”

	 3.	 Original and innovative: “I see myself as someone 
who is original and comes up with new ideas;”

	 4.	 Reserved: “I see myself as someone who is 
reserved;”

	 5.	 Relaxed: “I see myself as someone who is relaxed 
and handles stress well;”

	 6.	 Forgiving: “I see myself as someone who has a for-
giving nature;”

	 7.	 Anxious: “I see myself as someone who worries a 
lot;”

	 8.	 Imaginative: “I see myself as someone who has an 
active imagination;”

	 9.	 Lazy: “I see myself as someone who tends to be 
lazy;”

	10.	 Aesthetic: “I see myself as someone who values 
artistic and aesthetic experiences;”

	11.	 Considerate and kind: “I see myself as someone 
who is considerate and kind to almost everyone;”

	12.	 Efficient: “I see myself as someone who does things 
efficiently;”

	13.	 Outgoing and sociable: “I see myself as someone 
who is outgoing and sociable;”

	14.	 Rude: “I see myself as someone who is sometimes 
rude to others;”

	15.	 Nervous: “I see myself as someone who gets nerv-
ous easily;”

	16.	 Helpful: “I see myself as someone who is willing to 
help people in this village if they need it.”

Adjustment variables included gender, age, education, 
marital status, economic status, hypertension diagno-
sis, and elevated blood pressure. Previous studies have 
indicated that individuals who are older, live in urban 
areas, are more educated, and have received a hyper-
tension diagnosis tend to monitor their blood pressure 

more frequently [27–30]. To assess these variables, the 
percentage of women and the mean age in each sub-dis-
trict was calculated. Education was determined by ask-
ing individuals about the highest level of education they 
had completed, and the percentage of individuals who 
attended junior high school or above was calculated for 
each sub-district. Marital status was assessed by dividing 
the number of married respondents by the total number 
of respondents and multiplying by 100 to obtain a per-
centage for each sub-district. Economic status was evalu-
ated by asking individuals to envision a six-step ladder, 
with one representing the poorest and six the richest, and 
to indicate which step they belonged to. The responses, 
coded from one to six, were then used to calculate the 
mean economic status for each sub-district.

Hypertension diagnosis was determined based on 
whether individuals answered “Yes” to the question, “Has 
a doctor, paramedic, nurse, or midwife ever told you that 
you had hypertension?” and indicated “doctor” when 
asked, “Who diagnosed the hypertension condition?” The 
percentage of individuals diagnosed with hypertension 
was calculated for each sub-district. Raised blood pres-
sure was defined using respondents’ three blood pressure 
measurements. The mean systolic and diastolic blood 
pressure was calculated from these three measurements. 
An Omron HEM-7203 device was used for blood pres-
sure measurement; typically, a standard-sized cuff was 
employed, with larger cuffs available if needed [25]. Indi-
viduals were classified as having raised blood pressure if 
their mean systolic blood pressure was 140 mm of mer-
cury (mmHg) or higher and/or their mean diastolic blood 
pressure was 90 mmHg or higher. Finally, the percentage 
of individuals with raised blood pressure was calculated 
for each sub-district.

Statistical analyses and visualization
From the dataset of individuals (n = 51,731), those with 
missing data on regular blood pressure monitoring (n 
= 25,902) were excluded. The final analysis included data 
from 25,829 individuals aged 15 and above across 1774 
sub-districts in 24 provinces, including 612 CHVs in 259 
of those sub-districts in 18 provinces.

First, the descriptive statistics for all variables were cal-
culated at the sub-district level. Additionally, choropleth 
maps were created to depict the geographic distribution 
of regular blood pressure monitoring across the 1774 
sub-districts. These maps were crucial for fully under-
standing the regional variations in the availability of reg-
ular blood pressure monitoring.

Next, an OLS model was applied to assess the rela-
tionship between the prevalence of regular blood pres-
sure monitoring and CHV traits across 259 sub-districts 
while controlling for relevant adjustment variables. The 
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variance inflation factor (VIF) was calculated to identify 
any potential multicollinearity issues among the explana-
tory variables. Additionally, the adequacy of the sample 
size was evaluated for addressing the research question 
by calculating the statistical power of the models [31] 
using the effect size f2 [32].

Spatial regression models were employed to iden-
tify spatially adjusted factors using a k-nearest neigh-
bor approach. Based on Tobler’s first law of geography 
[22], it was suspected that spatial autocorrelation was 
present, meaning that nearby sub-districts could influ-
ence both objective and explanatory variables. The five 
geographically closest sub-districts to each sub-district 
were defined as that sub-district’s neighbors. Because 
the extent of spatial dependency was unknown prior to 
the analysis, various spatial regression models were fitted 
to the data, including the spatial autoregressive model 
(SAR), spatial error model (SEM), and spatial lag model 
(SLM) [33]. The models were assessed using Akaike’s 
information criterion (AIC), with a lower value indicating 
a better fit.

To evaluate the geographical variation in the regres-
sion coefficients between the prevalence of regular 
blood pressure monitoring and CHV traits, a GWR was 
conducted. Statistical significance was determined by a 
p-value of < 0.05. All the data processing and statistical 
analyses were performed using R version 4.4.1 [34]. Spa-
tial analysis was carried out with the following packages: 
spatialreg version 1.3–6 [35], and spgwr version 0.6–37 
[36].

Results
Sub‑district characteristics
Table  1 presents the descriptive characteristics of the 
sub-district population. The mean age was 35.03 years 
(standard deviation [SD]: 8.07), with the majority being 
female (58.41%). On average, 78.86% had attended junior 
high school. The mean prevalence of diagnosed hyper-
tension was 6.81%, while the mean prevalence of raised 
blood pressure measured during assessments was 19.10%. 
The mean prevalence of regular blood pressure monitor-
ing was 17.51%. Figure  1 illustrates the spatial variation 
of this prevalence across the 1774 sub-districts. Notably, 
4.0% of these sub-districts (71 out of 1774) reported a 
100% prevalence of regular blood pressure monitoring.

On average, there were 2.36 CHVs per sub-district, 
with a range of 1–14 volunteers. Of the CHVs, 73.37% 
(449 of 612) were female, with a mean age of 53.10 years 
(SD: 14.47). Of the 16 traits evaluated for CHVs, the 
highest average score using the five-point Likert scale 
was given to “outgoing and sociable” (4.20), closely fol-
lowed by “thorough” (4.19), “forgiving” (4.18), “consider-
ate and kind” (4.17), and “aesthetic” (4.00). The “helpful” 

trait received a mean score of 3.21 on the four-point Lik-
ert scale, which is approximately equivalent to a mean 
score of 4.01 on a five-point Likert scale.

Association between regular blood pressure monitoring 
and CHVs’ traits
Table  2 presents the OLS results and spatial regres-
sion models that illustrate the relationships between the 
prevalence of regular blood pressure monitoring at the 

Table 1  Sub-district demographic characteristics

The means represent percentages for categorical variables such as women, 
attended junior high school, married, hypertension diagnosis, raised blood 
pressure, and regular blood pressure monitoring. For continuous variables 
such as age, economic status, and CHV’s traits, the means reflect actual average 
values

Economic status: mean values for each sub-district are scaled from 1 (poorest) 
to 6 (richest); hypertension diagnosis: the percentage of respondents who 
reported being diagnosed with hypertension by a doctor; raised blood pressure: 
the percentage of respondents with elevated blood pressure levels, defined as 
having a mean systolic blood pressure of ≥ 140 mmHg and/or a mean diastolic 
blood pressure of ≥ 90 mmHg, based on the average of three measurements; 
regular blood pressure monitoring: the percentage of respondents who 
answered “regularly” to the question “How regularly have you had your blood 
pressure checked?” for each sub-district; CHVs: community health volunteers; 
CHV traits: mean values of 16 traits assessed for CHVs in each sub-district, 
measured using a scale of 1 (strongly disagree) to 5 (strongly agree) for items 
1–15, and 1 (strongly disagree) to 4 (strongly agree) for item 16

n Mean SD Min Max

Women (%) 1774 58.41 24.23 0 100

Mean age (year) 1774 35.03 8.07 15 84

Attended junior high school (%) 1774 78.86 28.31 0 100

Married (%) 1774 76.94 29.32 0 100

Economic status 1774 3.09 0.65 1 6

Hypertension diagnosis (%) 1774 6.81 14.51 0 100

Raised blood pressure (%) 1774 19.10 24.19 0 100

Regular blood pressure monitoring 
(%)

1774 18.16 24.43 0 100

CHVs’ traits

1. Talkative 259 3.26 0.97 1 5

2. Thorough 259 4.19 0.50 2 5

3. Original and innovative 259 3.64 0.83 1 5

4. Reserved 259 2.88 0.97 1 5

5. Relaxed 259 3.98 0.58 2 5

6. Forgiving 259 4.18 0.58 1 5

7. Anxious 259 3.21 0.98 1 5

8. Imaginative 259 3.56 0.85 1 5

9. Lazy 259 2.40 0.79 1 5

10. Aesthetic 259 4.00 0.69 1 5

11. Considerate and kind 259 4.17 0.48 2 5

12. Efficient 259 3.84 0.67 1.3 5

13. Outgoing and sociable 259 4.20 0.57 2 5

14. Rude 259 2.55 0.84 1 5

15. Nervous 259 2.71 0.90 1 5

16. Helpful 259 3.21 0.36 2 4
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sub-district level and CHVs’ traits. The study identified a 
statistically significant positive association between blood 
pressure monitoring prevalence and the traits “consid-
erate and kind” (B = [3.85, 4.24], p = 0.038–0.048) and 
“helpful” (B = [4.60, 4.82], p = 0.038–0.041). The strength 
of association for these two traits was similar, with “con-
siderate and kind” (β = 0.15) and “helpful” (β = 0.13). VIF 
values ranged from 1.11 to 1.52, indicating no significant 
multicollinearity issues among the explanatory variables. 
The model’s statistical power (1−β) was 0.85, suggest-
ing that the sample size was sufficient for addressing the 
research question. Conversely, the “Aesthetic” trait exhib-
ited a negative association with the prevalence of regu-
lar blood pressure monitoring, which was only evident 
in the spatial regression models (B = [− 2.47, − 2.44], p = 
0.046–0.048). The best-fit model was the OLS, which had 
the lowest AIC value of 2056.8.

Regional variations
Figure 2 uses GWR to illustrate the local regression coef-
ficients for each CHV trait in relation to the prevalence 
of regular blood pressure monitoring, after account-
ing for adjustment variables and other CHV traits. The 
association strength for “considerate and kind” showed 
geographical variation (B = [3.79, 4.07]), with stronger 
correlations found in the western and northern regions 
of Sumatra Island (Fig. 2a). “Helpful” also exhibited geo-
graphical variation (B = [4.42, 4.79]), with stronger asso-
ciations in the western and northern region of Sumatra 
Island (Fig. 2b). In contrast, the “aesthetic” trait (Fig. 2c) 

showed minimal geographical variation (B = [− 2.55, 
− 2.40]).

Discussion
This study investigated spatial variations in the preva-
lence of regular blood pressure monitoring and its 
association with CHV support at the sub-district level 
in Indonesia. Notably, a significant discrepancy was 
found between the prevalence of diagnosed hyperten-
sion (6.81%) and the prevalence of elevated blood pres-
sure (19.10%). This indicates that a substantial number of 
individuals may have undiagnosed hypertension. This is 
consistent with 2023 data from the Indonesian Ministry 
of Health, which reported a similar trend in which the 
percentage of diagnosed hypertension was lower than the 
prevalence of elevated blood pressure measured (5.9% vs. 
26.0%) among individuals aged 18–59 [4]. This gap can be 
attributed to several factors, including limited access to 
blood pressure monitoring device [37], a lack of aware-
ness among the population about the risks of hyperten-
sion and the importance of regular monitoring [38], and 
affordability and accessibility barriers within the health-
care system [39]. The analysis showed that the mean 
prevalence of regular blood pressure monitoring across 
the 1774 sub-districts was only 17.51%. The Indonesian 
Ministry of Health recommends that individuals without 
the risk of noncommunicable diseases have their blood 
pressure checked at least once every 3 months [40]. There 
is therefore an urgent need to promote regular blood 
pressure monitoring within the population. This study’s 
findings also revealed that only 4% of the sub-districts 

N
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[40,60)
[20,40)
[0,20)

Sumatra

Java

Bali and Nusa Tenggara

Kalimantan Sulawesi
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Fig. 1  Prevalence of regular blood pressure monitoring in sub-districts (%, n = 1774)
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exhibited a higher prevalence of regular blood pressure 
monitoring. Further investigation into these sub-districts 
could yield valuable insights, as healthcare practitioners 
may have adopted effective strategies to encourage regu-
lar blood pressure monitoring.

To promote regular blood pressure monitoring in a 
community, this study identified three key CHV traits 

that influence this behavior in patients: being considerate 
and kind, being helpful, and not focusing on aesthetics. 
There was a positive correlation between being consider-
ate, kind, and helpful and the frequency of blood pressure 
monitoring. In sub-districts in which CHVs demon-
strated high levels of these traits, there is a significant 
increase in the number of individuals who regularly check 

Table 2  Association between regular blood pressure monitoring and CHVs’ traits

OLS: ordinary least squares model; SAR: spatial autoregressive model; SEM: spatial error model; SLM: spatial lag model; AIC: Akaike’s information criterion. Boldface 
indicates statistical significance

Objective variable: Regular blood pressure monitoring, defined as the percentage of individuals who answered “Regularly” to the question, “How regularly have you 
had your blood pressure checked?” for each sub-district

Explanatory variables: The mean values of 16 community health volunteer (CHV) traits in each sub-district, gauged on a scale of 1 (strongly disagree) to 5 (strongly 
agree) for items 1–15, and 1 (strongly disagree) to 4 (strongly agree) for item 16

Adjustment variables: Mean age, percentage of women, percentage of individuals who attended junior high or above, percentage of married individuals, mean 
economic status scaled from 1 (poorest) to 6 (richest), percentage of individuals diagnosed with hypertension by a doctor, and percentage of respondents with raised 
blood pressure levels, defined as systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg

OLS SAR SEM SLM

B β p B p B p B p

CHVs’ traits

 1. Talkative 0.35 0.03 0.720 0.50 0.596 0.50 0.596 0.45 0.635

 2. Thorough − 1.69 − 0.06 0.383 − 1.28 0.486 − 1.28 0.486 − 1.45 0.431

 3. Original and innovative 0.59 0.04 0.599 0.54 0.619 0.54 0.619 0.54 0.615

 4. Reserved − 0.43 − 0.03 0.653 − 0.16 0.862 − 0.16 0.862 − 0.20 0.830

 5. Relaxed 1.24 0.05 0.441 1.14 0.458 1.14 0.458 1.17 0.443

 6. Forgiving − 0.88 − 0.04 0.604 − 0.66 0.681 − 0.66 0.681 − 0.66 0.683

 7. Anxious − 0.95 − 0.07 0.296 − 0.84 0.332 − 0.84 0.332 − 0.86 0.322

 8. Imaginative − 0.27 − 0.02 0.797 − 0.23 0.821 − 0.23 0.821 − 0.23 0.819

 9. Lazy − 1.32 − 0.08 0.257 − 1.73 0.136 − 1.73 0.136 − 1.68 0.145

 10. Aesthetic − 2.51 − 0.13 0.054 − 2.47 0.046 − 2.47 0.046 − 2.44 0.048
 11. Considerate and kind 4.24 0.15 0.038 3.85 0.048 3.85 0.048 3.95 0.043
 12. Efficient − 2.02 − 0.10 0.131 − 2.10 0.102 − 2.10 0.102 − 2.06 0.107

 13. Outgoing and sociable − 2.10 − 0.09 0.231 − 1.91 0.257 − 1.91 0.257 − 1.91 0.255

 14. Rude 1.01 0.06 0.345 1.11 0.287 1.11 0.287 1.12 0.284

 15. Nervous − 0.25 − 0.02 0.810 − 0.02 0.983 − 0.02 0.983 − 0.05 0.960

 16. Helpful 4.82 0.13 0.041 4.60 0.039 4.60 0.039 4.63 0.038
Adjustment variables

 Women (%) 0.07 0.06 0.330 0.05 0.452 0.05 0.452 0.05 0.482

 Mean age (year) − 0.06 − 0.02 0.782 − 0.08 0.681 − 0.08 0.681 − 0.09 0.667

 Attended junior high (%) 0.05 0.06 0.360 0.05 0.258 0.05 0.258 0.05 0.274

 Married (%) 0.15 0.17 0.010 0.15 0.012 0.15 0.012 0.14 0.013
 Economic status 6.17 0.17 0.020 5.98 0.018 5.98 0.018 5.86 0.020
 Hypertension diagnosis (%) 0.16 0.10 0.148 0.16 0.149 0.16 0.149 0.16 0.133

 Raised blood pressure (%) 0.06 0.07 0.365 0.05 0.441 0.05 0.440 0.05 0.437

 λ 0.08 0.485 0.08 0.485

 ρ 0.10 0.305

 Adjusted R2 0.08

 F statistic (df = 23; 233) 1.95 0.007
 AIC 2056.8 2058.4 2058.4 2057.8

 f2 0.09

 1 − β 0.85
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Fig. 2  Regression coefficients of CHV traits against regular blood pressure monitoring. Note: CHV = community health volunteers. This figure 
illustrates the local regression coefficients of CHV traits in relation to the prevalence of regular blood pressure monitoring, using geographically 
weighted regression (GWR) after adjusting for covariates. Considerate and kind: Mean response of CHVs to the statement, “I see myself as someone 
who is considerate and kind to almost everyone;” Helpful: Mean response of CHVs to the statement, “I see myself as someone who is willing to help 
people in this village if they need it;” Aesthetic: Mean response of CHVs to the statement, “I see myself as someone who values artistic/aesthetic 
experiences”
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their blood pressure. This association was particularly 
notable in the western and northern regions of Suma-
tra Island. In the western region, the Minangkabau peo-
ple—the largest matrilineal society in the world—have a 
unique cultural structure that values women’s opinions 
and emphasizes their essential contributions to decision-
making processes [41–43]. Since the majority of CHVs 
in this study were women (73.37%), those in western 
Sumatra were likely to be respected and influential within 
their communities, benefiting from the esteemed role of 
women in Minangkabau culture. This cultural respect 
likely contributed significantly to the observed increase 
in regular blood pressure monitoring among community 
members. Additionally, Minangkabau women are often 
characterized as compassionate [41]. In northern Suma-
tra, where the Batak ethnicity predominates, a cultural 
belief emphasizes the importance of kindness. The Batak 
people tend to strongly believe that good deeds attract 
blessings from God [44]. These cultural traits likely led 
to the result of CHVs in those areas being more likely to 
exhibit kindness and helpfulness.

Conversely, a negative association was found between 
the “aesthetic” trait and the frequency of blood pres-
sure monitoring. In sub-districts where CHVs exhibited 
lower levels of this trait, there was a significant increase 
in the prevalence of blood pressure monitoring. CHVs 
are crucial for the prevention and management of hyper-
tension, especially in resource-limited settings, as they 
provide lifestyle counseling and help facilitate access to 
healthcare facilities [18]. Rather than focusing exclusively 
on artistic and aesthetic experiences, it is important to 
emphasize the supportive care provided by CHVs that 
encourages individuals to monitor their blood pressure 
regularly. Additionally, this association was identified 
solely through spatial regression models, indicating that 
traditional OLS analysis may underestimate its impact. It 
is therefore vital to utilize both OLS and spatial regres-
sion models to fully understand the associations.

Research has demonstrated that patient-centered com-
munication can greatly improve treatment adherence 
in hypertensive patients [45]. In Indonesia’s primary 
healthcare system, CHVs and nurses play a crucial role 
in providing community-based blood pressure monitor-
ing services. This is especially important in rural areas 
like western Sumatra, where population density is low 
and the health workforce is more limited compared to 
the national targets [46–48]. In such contexts, CHVs can 
have a significant impact because they actively engage 
with community members and invite them to utilize 
health services. Empowering CHVs to be not only con-
siderate and helpful but also focused on promoting 
health would encourage community members to adopt 
health-promoting behaviors like regular blood pressure 

checks. Currently, training programs primarily empha-
size enhancing CHVs’ knowledge [49, 50]. CHV train-
ing program in Riau, which is located on Sumatra Island, 
includes effective communication skills [50]. To enhance 
the frequency of blood pressure monitoring, it is crucial 
to incorporate the three key traits into CHV training cur-
ricula across Indonesia.

This study’s strength was in its detailed examina-
tion of the traits of CHVs who provide effective support 
for regular blood pressure monitoring. These findings 
offer valuable insights for developing further interven-
tion strategies that would empower CHVs to improve 
community-based blood pressure monitoring. However, 
the study also had several limitations. As an ecological 
study, it may be vulnerable to ecological fallacies [51]. 
Future research that incorporates individual-level data is 
essential for better determining whether the associations 
observed at the sub-district level are applicable to indi-
viduals. Such studies would support the development of 
evidence-based interventions aimed at improving local 
blood pressure monitoring strategies. Additionally, the 
study’s definition of “regular blood pressure monitoring” 
relied solely on participants’ perceptions. Future studies 
should gather individual data on the actual frequency of 
blood pressure monitoring to achieve a more accurate 
assessment. The responses regarding CHV traits were 
also based on participants’ perceptions, which could 
introduce social desirability bias into the findings. Finally, 
the analysis was based on data from 1774 sub-districts 
concerning blood pressure monitoring and 259 sub-dis-
tricts regarding CHV information, which may limit the 
generalizability of these findings to other communities. 
Therefore, future research should explore a broader range 
of contexts to better understand variations in both prac-
tices and outcomes.

Conclusions
This ecological study investigated the relationship 
between CHV traits and the regularity of blood pres-
sure monitoring in Indonesia while taking spatial 
adjustments into account. The three key traits identified 
as having the most important impact on encouraging 
blood pressure monitoring were being “considerate and 
kind,” “helpful,” and not prioritizing “aesthetic experi-
ences.” Notably, these associations were strongest in 
the western and northern region of Sumatra Island. 
To leverage these insights, policy efforts should focus 
on training CHVs to develop and strengthen these 
characteristics. By fostering these traits through tar-
geted training and establishing supportive collabora-
tions with public health nurses, Indonesia can enhance 
community-based hypertension prevention efforts. 
These findings illustrated the significance of specific 
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CHV traits for promoting effective community-based 
blood pressure monitoring initiatives. By harnessing, 
encouraging, and enabling these traits, it is possible to 
improve hypertension management and enhance over-
all community health outcomes.
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