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Background: Inadequate awareness and control remain the major obstacles for hypertension management worldwide.

This observational study intended to assess the current status of hypertension management in Taiwan.

Methods: The Taiwan May Measurement Month (MMM) campaign was a nationwide survey for public alertness to

hypertension initiated in 2017 and conducted in local pharmacies. Participants were asked about body habitus,

comorbidities, smoking/drinking, use of anti-hypertensive drugs, and frequency of self-measured blood pressure

(SMBP) monitoring. Three blood pressure (BP) readings were then measured by trained pharmacists. The mean BP

was obtained by averaging all readings.

Results: BP recordings were obtained from 49,522 participants (average age, 56.9 � 16.0 years), of whom 26.1%

had an elevated pharmacist-measured BP (� 140/90 mmHg). The rate of BP control, defined as pharmacist-measured

BP < 140/90 mmHg at the MMM visit, was 63.1% among treated hypertensive participants (n = 21,410). Participants

who had uncontrolled hypertension were associated with a higher body mass index, currently smoking/drinking,

diabetes, and stroke. More active SMBP monitoring (� weekly) was more often implemented in the participants

with advanced age and cardiovascular diseases. More active SMBP (� weekly) was associated with lower measured

BP among treated hypertensive participants but not overall control rate (control rate: 56.4% for � weekly vs. 55.8%

for < weekly, p = 0.363).

Conclusions: In the Taiwan MMM 2017, the hypertension control rate surpassed 60% in treated hypertensive

participants. Suboptimal BP control was related to cardiovascular risk factors and prior stroke. Treated hypertensives

had a lower measured BP but similar hypertension control rate for more active versus less active SMBP.
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INTRODUCTION

Hypertension is a major burden for global health-

care systems. The high prevalence and related cardio-

vascular disabilities remain the center of discussion

among different societies and guidelines. The overall

prevalence of hypertension is around 20 to 30% in

adults worldwide.
1-3

There is also an increasing trend in

the prevalence of hypertension in the Asia-Pacific re-

gion.
4

This trend could be explained by aging, lifestyle

changes and various pollution problems.
5

Knowledge and self-awareness have been associated

with better control of hypertension,
6

whereas male sex,

young age, and fewer healthcare visits have been asso-

ciated with unawareness.
7

Currently, diagnosis of hy-

pertension is mainly based on office brachial blood pres-
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sure (BP) measurement, while completed with home or

ambulatory BP measurement.
8

Recently, non-invasive

central BP measurement was proposed as a better tool

for diagnosis and predicting target organ damage than

brachial BP alone.
9

However, it is still major concern that

hypertension control is suboptimal worldwide, despite

various diagnostic tools and treatment options.
10

In

view of this, global hypertension societies have taken

action to promote better public awareness of elevated

BP. The May Measurement Month (MMM) initiative was

launched in 2017 with the purpose of screening the BP

status of one million adult volunteers worldwide. Promo-

tion sites were set up at various local facilities among

more than 100 countries.
11

Taiwan MMM was part of

this global initiative, with goals to address the status

quo of hypertension management in addition to BP scre-

ening. The first objective of this study was to explore

possible associations between demographic factors and

management behavior. The second objective was to eva-

luate the effect of more frequent self-measured blood

pressure (SMBP) monitoring on pharmacist-measured

BP during MMM visits.

METHODS

Taiwan MMM was carried out by the Taiwan Hyper-

tension Society in 2017. The study protocol was appro-

ved by the Research Ethics Committee of National Tai-

wan University Hospital (No. 201704016RINA).

Local pharmacies in all regions of Taiwan were in-

volved as screening sites. Adults aged 20 years or above

were recruited. Participants signed informed consent

before joining the study. They were asked about their

body habitus, comorbidities and current use of tobacco

or alcohol. Those who were recruited in six major cities

were coded as metropolitans. They were also queried

about the use of anti-hypertensive medications and the

frequency of SMBP monitoring in the previous year.

Trained pharmacists then performed BP measurements.

The participants were required to sit quietly for 10 min-

utes beforehand. Left or right brachial BP was obtained

using automated oscillometric sphygmomanometers.

Three BP readings were taken with one minute between

each reading. An average of all three BP readings was

recorded.

For further analysis, the participants were catego-

rized by each 10-year age period, and also trichotomized

according to their body-mass index (BMI). All other de-

mographic factors were categorical. Hypertension and

related outcomes were defined as follows. Elevated BP

was defined as mean systolic BP � 140 mmHg or diastolic

BP � 90 mmHg. Hypertension was defined as having ele-

vated pharmacist-measured BP or being treated with

anti-hypertensive drugs. Controlled hypertension was

defined as pharmacist-measured BP below 140/90 mmHg

at MMM visits. The frequency of SMBP monitoring was

classified as one of the following: never, less than weekly,

1 to 3 times per week, 4 to 6 times per week, or daily.

SMBP frequency was dichotomized as � or < weekly for

further analysis.

We processed data with Stata MP 14 (Statacorp,

College Station, TX, USA). The study flowchart is shown

in Figure 1. Hypertension control rate and SMBP fre-

quencies were calculated among the treated hyperten-

sive participants. For each demographic factor, the �
2

test and logistic regression were performed to identify

significant determinants associated with controlled hy-

pertension and more active SMBP monitoring (� weekly).

Finally, we used propensity score to assess whether

SMBP monitoring � weekly was related to pharmacist-

measured BP and hypertension control rate among the

treated hypertensive participants. We applied logistic

regression to establish the score, which was matched for

age, metropolitan area, smoking and cardiovascular dis-

eases (factors significantly associated with SMBP fre-

quency). One-to-one matching was performed with the

nearest neighbor and without replacement. Actual dif-

ferences in control rates were verified using the paired

t-test.

RESULTS

Baseline characteristics of the participants in Taiwan

MMM

A total of 55,837 volunteers were recruited from

over 1,200 local pharmacies. All three BP readings were

available or valid from a total of 49,522 participants. The

average age was 56.9 � 16.0 years, 49.2% of all partici-

pants were men, and 70.8% were metropolitans. De-

tailed demographic data are shown in Table 1.
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The average systolic BP increased with advancing

age from 120 to 135 mmHg in men and 110 to 140

mmHg in women. The average diastolic BP peaked at 80

mmHg around the age of mid 50s for both men and

women. Overall, 26.1% of the participants had elevated

pharmacist-measured BP. The overall prevalence of hy-

pertension was 53.4%. The male participants had a higher

prevalence of elevated BP than the female participants

(31.2% vs. 21.1%, p < 0.001). A higher BP was also ob-

served in the participants who were taking anti-hyper-

tensive medications, and in those with advanced age,

higher BMI, currently smoking/drinking, diabetes, coro-

nary artery disease (CAD) and prior stroke (all p < 0.001).

Control rates and SMBP monitoring frequencies

among treated hypertensives

In the treated hypertensive participants, the mean

systolic and diastolic BP values were 133.1 (�15.8) mmHg

and 80.2 (�11.3) mmHg, respectively. Nearly two thirds

(63.1%) of the treated hypertensives achieved control

377 Acta Cardiol Sin 2020;36:375�381

Hypertension Management in Taiwan MMM, 2017

Figure 1. Flowchart of all participants entering the study of Taiwan MMM 2017. BP, blood pressure; SMBP, self-measured blood pressure.

Table 1. Demographic factors and comorbidities (all

participants, N = 49,522)

Age (mean � SD) 56.9 � 16.0

Men (n, %) 24,188 (49.2)

Metropolitans* (n, %) 35,066 (70.8)

Elevated blood pressures
#

(n, %) 12,941 (26.1)

Hypertension
†

(n, %) 26,440 (53.4)

Treated with anti-hypertensive drugs (n, %) 21,409 (43.2)

Active smoking (n, %) 08,735 (17.6)

Active drinking (n, %) 2,543 (5.1)

Overweight (BMI � 25 kg/m
2
) (n, %) 19,252 (38.9)

Central obesity
‡

(n, %) 18,673 (37.7)

Diabetes mellitus (n, %) 10,403 (21.0)

Coronary artery disease (n, %) 05,361 (10.8)

Prior stroke (n, %) 1,351 (2.7)

BMI, body-mass index; SD, standard deviation.

* Defined as participants recruited at 6 major cities in Taiwan.
#

Defined as pharmacist-measured systolic blood pressure �

140 mmHg or diastolic blood pressure � 90 mmHg during the

May Measurement Month visit.
†

Defined as elevated

pharmacist-measured blood pressures or taking anti-

hypertensive drugs.
‡

Men with waist circumference � 90 cm or

women with waist circumference � 80 cm.



with a pharmacist-measured BP < 140/90 mmHg (Table

2). The control rate was similar among all age groups.

Patients who were overweight, currently smoking/drink-

ing, and those who had diabetes, coronary artery dis-

ease (CAD) or prior stroke were associated with lower

hypertension control rates (all p < 0.001).

The characteristics of the treated hypertensives are

shown in Table 2. Approximately half (49.0%) of the

treated hypertensives had performed SMBP monitoring

< weekly over the past year. A significant portion (42.3%)

of the non-treated hypertensives did not perform SMBP

at all. More hypertensive participants with advanced

age, living in an urban area, diabetes, CAD or prior stroke

performed SMBP � weekly (all p < 0.001). The partici-

pants who were overweight or were currently smoking/

drinking performed SMBP monitoring less frequently (p

< 0.001 for smoking/drinking; p = 0.002 for overweight).

Logistic regression was used to determine the odds

ratio of each demographic factor for hypertension con-

trol and active SMBP (� weekly) (Table 3). Worse control

of hypertension was associated with metropolitans,

higher BMI, currently smoking or drinking, diabetes and

prior stroke. Those with advanced age, metropolitans,

lower BMI, CAD and prior stroke had higher rates of ac-

tive SMBP monitoring.

Among the treated hypertensive participants mat-

ched by propensity score, there were no differences in

hypertension control rates based on pharmacist-mea-

sured BP between the patients who monitored SMBP �

weekly and those who monitored SMBP < weekly (56.4%

for � weekly vs. 55.8% for < weekly, p = 0.363). None-

theless, the participants who monitored SMBP � weekly

had lower measured BP compared to those who moni-

tored SMBP < weekly (systolic BP: 132.6 mmHg for �

weekly vs. 133.1 mmHg for < weekly, p = 0.036; diastolic

BP: 80.0 mmHg for � weekly vs. 80.6 mmHg for < weekly,

p < 0.001) (Figure 2).

DISCUSSION

The control rates in this study were higher than 60%

for treated hypertensives, which is higher than previous
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Table 3. Multivariate regression analyses for controlled hypertension and frequency of self-measured blood pressure monitoring �

weekly

Factors Controlled hypertension SMBP � weekly
†

Women (men as reference) 1.06 (1.00-1.13) 0.97 (0.92-1.04)

Age* (20-29 years as reference) 0.99 (0.97-1.01) 1.12 (1.09-1.15)

Metropolitan 0.91 (0.85-0.97) 1.29 (1.21-1.39)

Active smoking 0.80 (0.74-0.86) 0.86 (0.79-0.93)

Active drinking 0.66 (0.58-0.75) 0.89 (0.79-1.02)

BMI
#

(lowest tertile as reference) 0.85 (0.82-0.88) 0.93 (0.90-0.97)

Diabetes mellitus 0.68 (0.64-0.72) 1.01 (0.95-1.08)

CAD 0.94 (0.87-1.01) 1.13 (1.05-1.21)

Prior stroke 0.79 (0.69-0.91) 1.16 (1.02-1.33)

BMI, body-mass index; CAD, coronary artery disease; SMBP, self-measured blood pressure.

Data shown are odds ratio (95% confidence interval).

* Each 10-year increment.
#

Each tertile increment.
†

Defined as performing self-measured blood pressure monitoring at least

weekly in the previous year.

Table 2. Pharmacist-measured blood pressures, control rate,

and frequency of self-measured blood pressure

(SMBP) monitoring for treated hypertensives (n =

21,410)

SBP, mmHg (mean � SD) 133.1 � 15.8

DBP, mmHg (mean � SD) 080.2 � 11.3

Controlled hypertension* (n, %) 13,499 (63.1)

Coronary artery disease (n, %) 4,560 (21.3)

Prior stroke (n, %) 1,096 (5.1)

SMBP frequency
#

(n, %)
†

Never 2,547 (12.7)

Less than weekly 7,288 (36.3)

1-3 times/week 5,020 (25.0)

4-6 times/week 1,867 (9.3)

Daily 3,356 (16.7)

BMI, body-mass index; DBP, diastolic blood pressure; SBP,

systolic blood pressure; SD, standard deviation; SMBP, self-

measured blood pressure.

* Defined as averaged pharmacist-measured SBP < 140 mmHg

and DBP < 90 mmHg during the May Measurement Month

visit.
#

Percentages of all treated hypertensive participants who

reported their SMBP frequencies; n = 20,078.



domestic studies.
12,13

On the other hand, almost half

(49.0%) of all treated hypertensive participants reported

SMBP frequencies < weekly in the previous year. Hyper-

tension control was worse in those who lived in urban

areas, those with a higher BMI, currently smoking and

drinking, diabetes and prior stroke. SMBP monitoring

was better implemented in the treated hypertensive

participants with advanced age, living in urban areas,

and prior cardiovascular diseases. Weekly or more fre-

quent SMBP monitoring was associated with lower mea-

sured BP but not with a better control rate of hyperten-

sion at MMM visits.

The reported prevalence of hypertension among

participants in Taiwan was higher than that in the other

geographical regions in the global MMM campaign (un-

adjusted prevalence, Taiwan 53.4% vs. global 34.6%).
14

Several reasons may account for this finding. First, our

recruited participants had an average age of 56.9 (�16.0)

years, while the global MMM reported an average age

of 44.9 (�16.9) years. Second, more individuals had car-

diovascular diseases in the Taiwan MMM. This is not

surprising given that circulatory diseases are the most

common diagnosis for medical visits based on Taiwan

National Health Insurance data.
15

Both advanced age

and more cardiovascular comorbidities may contribute

to the higher percentage of hypertension.

Young age was associated with suboptimal self-mo-

nitoring of blood pressure in this study. Previous studies

have reported that young adults are less aware of hy-

pertension, mainly because of subjective well-being.
16

Nonetheless, they will be exposed to certain subclinical

organ damage with an elevated BP.
17

This study also

found a similar hypertension control rate across all age

groups. We speculate that hypertensives, regardless of

age, generally follow health advices once they opt for

medical therapy. Old age was inevitably associated with

elevated BP, which may have diminished the advantage

of better treatment compliance.

The relationship between gender and hypertension

was complex. For participants younger than 65 years of

age, men had a higher prevalence of hypertension than

women (50.5% vs. 34.3%). This disparity decreased in

the participants older than 65 years (75.0% vs. 72.6%).

The higher BP in younger men may be due to gender dif-

ferences in renal-mediated BP regulation. In addition,

previous studies have suggested that “masculine beha-

vior” may cause a delay in seeking medical attention,

and that this could lead to less active treatment among

male hypertensives.
18

However, there were no signifi-

cant difference in gender regarding control and SMBP,

suggesting similar compliance once under medical treat-

ment.

We found that more active SMBP behavior but worse

control rates were concomitantly associated with metro-

politans. Inferior control of hypertension in the metro-

politans may be the result of diet, lifestyle and pollution

problems.
19

More frequent SMBP monitoring associated

with metropolitans may reveal higher health awareness
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Figure 2. Propensity-score matching of actual BP difference and percentages of hypertensives under control. DBP, diastolic blood pressure; SBP, sys-

tolic blood pressure; SMBP, self-measured blood pressure.
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and proximity to medical care.

Higher BMI, currently smoking and drinking are all

risk factors for elevated BP. Overweight subjects are

prone to have a blunted response to subjective health

status.
20

Thus, the participants with a higher BMI had a

lower control rate and less frequent SMBP monitoring.

Currently smoking and drinking were correlated with in-

ferior hypertension control and SMBP at MMM visits. As

Org et al. and Gooding et al. reported, patients with

more unhealthy behaviors care less about subjective

well-being.
17,21

This may have led to a generally lower

control rate and less frequent SMBP monitoring.

The participants with diabetes and stroke were as-

sociated with more active SMBP monitoring but worse

BP control. As most practicing physicians nowadays ad-

just medications based on self-measured BP results, par-

ticipants with cardiovascular diseases or diabetes may

have already received instructions to perform SMBP.
22

In

addition, those with worse control and co-existing car-

diovascular diseases may have received more stringent

BP measurement instructions. Our study showed that

history of CAD is in favor but not predictive of worse BP

control. Physicians use more angiotensin converting en-

zyme inhibitors, angiotensin receptor blockers or even

aldosterone receptor blockers to treat participants with

CAD, which all contribute to effective BP reduction.
23

Lastly, the participants with weekly or more SMBP

monitoring were not associated with more controlled

hypertension than less active matched counterparts. Al-

though there was an actual BP difference between the

two groups, the magnitude was lower than expected.
24,25

SMBP monitoring can provide a more realistic overview

of daytime BP with lower cost and higher convenience.

Previous studies have reported the importance of SMBP

in improving awareness, and that persistently abnormal

home BP results may lead to an adverse prognosis. We

speculate that hypertension control could still be linked

with yet unknown social or educational factors in addi-

tion to monitoring. For instance, remote monitoring

with timely feedback, upcoming digital applications, or

evolving patient-physician interactions may all have the

potential to improve BP control and SMBP behavior.

Our study has some limitations. First, the Taiwan

MMM study was cross-sectional in nature. This pre-

cluded the ability to infer causal relationships between

SMBP performance and measured differences in BP for

the same individual. Second, all participants were re-

cruited at local pharmacies. This could have resulted in

selection bias. Finally, we did not include additional fac-

tors regarding treatment behavior, such as income sta-

tus, educational level or polypharmacy. These factors

are expected to affect awareness and compliance to

hypertension treatment.

CONCLUSIONS

This study reports the latest picture of hypertension

management in Taiwan. The control rate for treated hy-

pertensives exceeded 60% in this study. Control of hy-

pertension was worse in metropolitans and those with

diabetes, higher BMI, currently smoking or drinking, and

prior stroke. More active SMBP monitoring was corre-

lated with advanced age, living in a metropolitan area,

CAD and prior stroke, but not with more controlled hy-

pertension.
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