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ABSTRACT

Objective Implementation of National Health Insurance

in 1995 improved the control of hypertension due to
comprehensive coverage of medical costs for all residents
in Taiwan. However, the role of individual socioeconomic
status (iSES), namely, education and personal income, in
awareness, treatmen, and control of blood pressure, has
not been well studied in Taiwan.

Design A nationwide cross-sectional survey was
executed in this study.

Setting A systematic, multistage sampling scheme from
a nationwide cohort in Taiwan was adopted to select

adult participants. Hypertension was defined as blood
pressure > 140/90 mm Hg or the use of antihypertensive
medications.

Participants A total of 4599 subjects completed door-to-
door household interviews and physical examinations.
Primary and secondary outcome measures A summing
z score of iSES was constructed by two domains of the
iSES, namely, income and education, through which
participants were classified into three SES levels. Logistic
regression models were used to assess associations of
awareness, treatment, and control in younger (<65 years)
and older (>65 years) participants with hypertension.
Results Younger people in the highest tertile of iSES were
less likely to be aware of their hypertension (OR: 0.48,
95% CI: 0.37 to 0.64, p<0.0001) or to have it treated (OR:
0.49, 95% Cl 0.37 to 0.64, p<0.0001) but more likely to
have their hypertension controlled (OR: 1.52, 95% Cl 1.19
t0 1.94, p=0.0009). We did not detect an association in
people aged >65 years.

Conclusion Health education to improve awareness and
treatment of hypertension should focus on younger people
with higher iSES in Taiwan.

INTRODUCTION

The initial nationwide surveillance data for
the control of blood pressure (BP) in Taiwan
were derived from the Nutrition and Health
Survey in Taiwan (NAHSIT) 1993-1996," and
the second set of surveillance data was anal-
ysed from a database of the Taiwanese Survey
on Hypertension, Hyperglycaemic and Hyper-
lipidemia study in 2002.” Between the period
of conduct of the two surveys, significant

1,2,6

Strengths and limitations of this study

» The nationwide study included a large number of
representative Taiwanese participants with ade-
quate statistical power.

» Two dimensions of socioeconomic status (SES),
namely, income and education, were considered si-
multaneously with a summing of z score.

» Sensitivity analysis confirmed the robustness of the
study after considering factors such as diabetes,
chronic kidney disease, urbanisation and smoking
status.

» A direct causal relationship between hypertension
control and SES was observed due to the cross-
sectional design.

» Knowledge of hypertension was not assessed in the
survey.

improvements in the control of hypertension
were found due to the implementation of
National Health Insurance (NHI) in 1995,
which covers almost all (>99.9%) of the resi-
dents of Taiwan, including all medical costs
of in-hospital and out-of-hospital treatment
of hypertension and hypertension-related
diseases. The NHI in Taiwan has been estab-
lished for 25 years and is ongoing.

Based on epidemiological studies and clin-
ical evaluations, it is known that hyperten-
sion is strongly associated with stroke and
ischaemic heart diseases.® * Globally, hyper-
tension and cardiovascular diseases cause
one-third of deaths.” In Taiwan, hyperten-
sion, ischaemic heart disease and stroke have
long remained three of the top 10 leading
causes of death.® In general, a lower socio-
economic status (SES) is considered to be
associated with higher BP" and poor aware-
ness of hypertension due to limited medical
availability and resources. Since the NHI
in Taiwan offers readily available and equal
medical resources throughout all the SES
classes and residential regions, we considered
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that the role of SES should be studied accordingly. Thus,
we attempted to investigate whether SES at the individual
level (iSES) still plays a pivotal role in awareness, treat-
ment and control of hypertension by accessing data from
the NAHSIT 2013-2016 survey.

METHODS

Patient and public involvement

In this nationwide survey of behavioural indicators and
health outcomes, we investigated participants’ health
status in Taiwan. The NAHSIT 2013-2016 is a population-
based cross-sectional survey of the health and nutri-
tional status of the residents of Taiwan.'’ ! Participants
were systemically sampled from among 359 districts and
townships nationwide in Taiwan according to popula-
tion density, geographical area and degree of urbanisa-
tion.'” ! In addition, strata within districts and townships
were selected by a method of probability proportional
to their size. A door-to-door interview survey and phys-
ical examination of each household were conducted by
trained interviewers. After obtaining consent for phle-
botomy, serum samples for serum creatinine, fasting
glucose and glycated haemoglobin Alc (HbAlc) were
examined in a central laboratory. According to the stan-
dards of the American Diabetes Association,'? partici-
pants were classified as having diabetes mellitus (DM)
when they had fasting glucose 2126 mg/dL or HbAlc
level 26.5%. Kidney function as assessed by the esti-
mated glomerular filtration rate (eGFR) was determined
by serum creatinine using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula."® Since
stage 3 or more advanced CKD could be identified by
serum creatinine alone,'*"° participants were classified
as having chronic kidney disease (CKD) by eGFR of <60
mL/min/1.73 m® Smoking status was assessed by two
questions in the Chinese language: (1) ‘have you ever
smoked in your lifetime?” and (2) ‘do you smoke now?’
Accordingly, participants were categorised into current,
former and never smokers.

Definition of older adults in Taiwan

The WHO defines a society in which the proportion of
people aged 265 years exceeds 7% as an ‘ageing society’.
When this proportion surpasses 14% in a society, it is
regarded as an ‘aged society’. Accordingly, the prevalence
of older adults 65 in Taiwan exceeded 14% in 2018."7
In the last decade, policies on health education by the
Ministry of Health and Welfare in Taiwan'® have focused
on older adults aged =65 years.

Measures of BP

All participants were asked to remain relaxed and to
refrain from exercise, smoking and drinking coffee or
tea within 30 min before BP measurement. The brachial
BPs were measured with an appropriately sized cuff at
the heart level, and participants were asked to be seated
in a quiet room and relax for 5 min in a position with

the arms supported and the legs uncrossed. BP measure-

ments were obtained by certified interviewers, and if two

of the three BP measurements varied by 210 mm Hg, a

fourth measurement was made accordingly. According to

the recommendations' ** of the American Heart Asso-
ciation, the average BP of the three nearest recordings
was adopted for analysis. Adults with hypertension were
defined as (1) systolic BP (SBP) 2140 mm Hg or diastolic

BP (DBP) >90 mm Hg or (2) currently taking antihy-

pertensive medications. Accordingly, four categories or

proportions of participants were defined as follows:

» Prevalence of hypertension: adults with hypertension
(BP >2140/90 or currently taking antihypertensive
medications) among the enrolled participants.

» Awareness of hypertension: adults with a self-reported
diagnosis of hypertension by a physician among
participants with hypertension.

» Treatment of hypertension: adults who currently take
antihypertensive medication among participants with
awareness of hypertension.

» Control of hypertension: adults who had attained an
average BP of <140/90 mm Hg among participants by
taking antihypertensive medication

Measures of the SES

Two domains of the iSES were measured in the survey:
personal income and education. Individual monthly
income was ascertained by a formal questionnaire (with
New Taiwan dollar (NT$) being converted into US
dollar (US$)), and it was categorised as 27 levels: no
income, <US$170, US$170-US$339, US$340-US$682,
US$683-US$1024, US$1025-US$1365, US$1366—
US$1707,  US$1708-US$2049,  US$2050-US$2391,
US$2392-US$2732,  US$2733-US$3074,  US$3075-
US$3415,  US$3416-US$3757,  US$3758-US$4099,
US$3758-US$4099,  US$4100-US$4440,  US$4101-
US$4782,  US$4783-US$5124,  US$5125-US$5465,
US$5466-US$H6148,  US$H5466-US$H6148,  US$H6149-
68US$31, US$H6832-US$H8532, US$8533-US$10,238,
US$10 239-US$11,956, US$11 957-US$13,664, US$11
957-US$17,080, US$17 081-US$34,126, and > US$34
126 during 2013-2016. Individual educational attain-
ment was established and categorised as no education (0
years), less than elementary school (4 years), elementary
school graduate (6 years), junior high school (8 years),
junior high school graduate (9 years), less than senior
high or vocational school (11 years), senior high or voca-
tional school graduate (12 years), less than college (14
years), college graduate (16 years) and graduate school
or higher (20 years). Thereafter, iSES was defined using a
total score that was the sum of the z scores of income and
education. Accordingly, the iSES was classified into three
classes. From the lowest to the highest iSES classes, these
tertiles were designated T1, T2 and T3, respectively.

Statistical Analysis
SAS software (version V.9.4; SAS Institute, Cary, North
Carolina) was used for all statistical analyses. Continuous
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and discrete variables were expressed as the mean+SD
and number (n) and percentages, and they were analysed
with Student’s t test. Categorical variables were reported
as proportions and were examined with a y” test or Fish-
er’s exact test. The STDIZE (standardize) procedure
(setting the method of standardisation (std), location
of mean and scale of SD) was performed to obtain indi-
vidual z-scores of personal income and educational level.
Z-score transformation is the process of converting a raw
continuous number into a standard score. The formula
of the z-score is (x — p)/ ©, where x stands for a raw score,
p is the mean of the population and ¢ is the SD of the
population. The method of employing summing z-scores
by combining different SESs was developed by Diez
Roux and colleagues in their research.”’ ** A summary
iSES z-score was constructed by summing z-scores of
the two variables, individual income and education.
The increasing values of z-scores signify an increasing
socioeconomic advantage; therefore, participants with
iSES z-scores of <33rd percentile, 33rd percentile <iSES
z-scores < 66th percentiles, and iSES z-scores of >66th
percentiles were categorised into tertiles of T1, T2 and
T3, respectively. Simple logistic regression models were
employed to obtain the OR and 95% CI, with depen-
dent variables being awareness, treatment and control of
hypertension, and independent variables of three levels
of iSES (the lowest iSES tertile of T1 was used as the refer-
ence group). In addition, stratification by age of 65 years
was used for analysis. Applying the Bonferroni correction,
a two-tailed p value 0f<0.0167 was considered statistically
significant. This p value was obtained by the Bonferroni
correction formula p value < o./m, where o is the desired
overall alpha level and m is the number of hypotheses.
In our study, we defined o as 0.05 and comparison of the
three subgroups (or hypothesis) was conducted accord-
ingly. Statistical power (1-) was estimated by specifying
an o error of 0.05, with the number of participants in
each tertile of T1, T2 and T3, and with a probability of T1
as the reference group. STATA software (V.17; StataCorp,
College Station, Texas) was used to calculate the statistical

power (1-f3).

Sensitivity analysis

Participants who gave consent and completed phle-
botomy for all laboratory testing of serum creatinine,
glucose and HbAlc were included in this sensitivity anal-
ysis. In addition, the definition as given by the Eighth Joint
National Committee* was used as another definition of
controlled hypertension. In the JNC8* standard, patients
with a comorbidity of DM or CKD were asked to control
their BP to <140/90 mm Hg at all ages, while older adults
>60 years with no cardiovascular risk factors were given
a goal of <150/90 mm Hg. Multivariable logistic regres-
sion models were employed to obtain the OR and 95%
CI, with dependent variables being awareness, treatment
and control of hypertension and independent variables
being three levels of iSES (the lowest iSES tertile of T1
was used as the reference group) and covariates of sex

(man vs woman), dwelling (urban vs rural), smoking
habit (current, former and never smokers), DM and CKD.
The interaction terms among the iSES, age, and DM were
accordingly examined.

RESULTS

Population Characteristics

In our study population of 4599 participants, the mean
age was 53.2+18.5 years, and 2306 (50.1%) participants
were women (online supplemental table S1). The mean
SBP was 125.12+19.3 mm Hg, and DBP was 75.6+11.0
mm Hg. Of the study cohort, 2636 participants agreed
to undergo phlebotomy for fasting glucose and HbAlc,
and 2647 agreed to undergo a creatinine test. Based on
laboratory test results, we inferred that the prevalence
of DM was 17.9%, in accordance with the standard of
the American Diabetic Association.'® Most participants
had healthy renal function, and the proportions of CKD
stages 0—1 and stage 2 were 67.3% and 25.6%, respectively,
according to the CKD-EPI formula. The characteristics
of the participants, who were stratified by the age of 65
years (table 1) and by three classes of iSES (online supple-
mental table S2), are shown accordingly. Additionally, the
33rd and 66th percentiles of iSES zscores were—1.167
and 0.833; therefore, participants with zscores of <-1.167,
1.167<z-scores<0.83 and z-sscores of >0.8333 were cate-
gorised as T1, T2 and T3, respectively. The numbers of
participants in the three tertiles were 1489, 1621 and
1489, respectively. Among the younger (<65 years) and
older (=65 years) groups, fewer older adults had incomes
of US$5000—- US$10 000 and >US$10 000, and most of
the older adults had educational attainment of less than
high school. The iSES z-scores for the younger and older
groups were 0.50+2.33 and -1.86+1.95, respectively.
Older participants had fewer never smokers and more
former smokers. Otherwise, the two age groups exhibited
a similar distribution of dwelling in the metropolitan and
township areas and geographic areas in Taiwan.

General hypertension status

The prevalence, awareness and medical treatment of
hypertension in (1) four geographical areas and (2)
different age and sex groups in Taiwan are shown in
online supplemental table S3 and S4, respectively. Each
geographical area (northern, central, southern and
eastern areas) had similar prevalence, awareness levels
and medical treatments. The inferred prevalence of
hypertension in all enrolled participants was 37.0%, while
it was 39.9% for men and 34.2% for women. In general,
67.2% of hypertensive participants were aware of hyper-
tension, and women (72.3%) had a higher awareness
of hypertension than men (62.8%). Of those partici-
pants who were aware of their hypertension, 65.0% had
received medical treatment, and women (71.1%) were
more willing to receive medical treatment than men
(59.9%). In addition, the proportions of the prevalence
(figure 1), awareness (figure 2) and medical treatment
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Table 1 Characteristics of participants of the Nutrition and Health Survey in Taiwan by SES and age

Participants Younger (<65 years) Older (=65 years) P value
N 3076 1523
Female sex, n (%) 50.3% (1548/3076) 49.8% (758/1523) 0.7232
Annual income US$, n (%) <0.0001*
<US$5000 30.3% (933/3076) 67.6% (1029/1523)
$US5000-US10 000 30.2% (928/3076) 19.6% (298/1523)
>US$10 000 39.5% (1215/3076) 12.9% (196/1523)
Educational attainment, n (%) <0.0001*
Less than high school 39.1% (1202/3076) 63.1% (961/1523)
High school graduate 36.1% (1111/3076) 25.7% (391/1523)
College or greater 24.8% (763/3076) 11.2% (171/1523)
z-score of iSEST 0.50+2.33 -1.86+1.95
iSES classes <0.0001*
Lowest tertile (T1) 18.2% (561/3076) 60.9% (928/1523)
Middle tertile (T2) 39.1% (1204/3076) 27.4% (417/1523)
Highest tertile (T3) 42.6% (1311/3076) 11.7% (178/1523)
Smoking statust <0.0001*
Current 65.6% (1935/2948) 67.7% (1002/1480)
Former 14.7% (432/2948) 22.6% (335/1480)
Never 19.7% (581/2948) 9.7% (143/1480)
Dwelling 0.7243
Metropolitan area 26.0% (799/3076) 26.5% (403/1523)
Township 74.0% (2277/3076) 73.5% (1120/1523)
Geographical region 0.9139

Northern 24.0% (738/3076)
Central 9.8% (302/3076)
Southern 35.6% (1095/3076)
Eastern 30.6% (941/3076)

24.4% (371/1523)
10.4% (158/1523)
34.9% (532/1523)
30.3% (462/1523)

*Statistical significance with a p value<0.05.

1The z-score of the iISES was constructed by summing the z-scores of individual annual income and education years.

FThere were 171 missing observations
iSES, individual socioeconomic score; SES, socioeconomic status.

(figure 3) increased with age for both female and male
participants. The mean SBP increased for each group,
while the greatest level of mean DBP occurred in the age
groups of 50-59 years (figure 4). Using the JNC 8 criteria
to categorise BP control, 60.3% of men and 63.6% of
women who were receiving medical treatment had their
BP controlled (online supplemental table S5). When
using the cut-off of 140/90 mm Hg, slightly fewer people
taking treatment had their BP controlled. BP levels were
greater in those taking antihypertensive medications than
in those who were not taking these agents(online supple-
mental table S6) .

The prevalence, awareness and medical treatment of
hypertension according to the three classes of iSES are
shown in table 2. The SBP and DBP in each age group
and the iSES group are shown in online supplemental
table S7. Younger participants in the T1 class had a

higher prevalence of hypertension (33.3%) than those
in T2 (22.1%) and T3 (21.8%) (p<0.0001). Younger
participants in T1 paradoxically had a higher proportion
of awareness (66.3%) than those in T2 (56.0%) and T3
(54.4%). All iSES groups of older participants showed
a similar prevalence of hypertension (p=0.3499). Older
participants in all tertiles showed similar levels of aware-
ness. For medical treatment, younger and older partici-
pants showed no significant difference in any of the iSES
groups.

Factors associated with the hypertension status (by a
univariable analysis)

The results of the univariate analysis between iSES and
hypertension status are shown in table 3. Compared with
T1, higher iSES was associated with decreased awareness of
hypertension at all ages (OR of T2: 0.43, 95% CI 0.37 to 0.51,
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Prevalence of Hypertension in Different Age Groups

80.00%
70.40%
70.00% 66.90%  66.70% |
62.70%
60.00%
55.80%
53.00%
50.00%
39.70%
40.00%
0/
32.70% 31.20%

30.00%
20.00% .

14.30% 15.70%

10.70%
10.00% 8.10% |
I 1.80%
0.00% |
19-29 30-39 40-49 50-59 60-69 70-79 280
Age (years)
B Male [ Female

Figure 1 Prevalence of hypertension in different age groups. The denominators for age groups of 19-29, 30-39, 40-49, 50-59,

60-69, 70-79 and >80 for men were 337, 286, 312, 398, 448, 359 and 153, and for women were 336, 298, 306, 414, 438, 362
and 152, respectively. The numbers constitute the full sample of men and women separately.

p<0.0001; OR of T3: 0.30, 95% CI 0.25 to 0.36, p<0.0001) and
younger participants (OR of T2: 0.50, 95% CI 0.39 to 0.64,
p<0.0001; OR of T3: 0.48, 95% CI 0.37 to 0.61, p<0.0001). In
addition, a higher iSES was negatively associated with medical
treatment at all ages (OR of T2: 0.45, 95% CI 0.39 to 0.53,
p<0.0001; OR of T3: 0.28, 95% CI 0.23 to 0.33, p<0.0001) and
younger participants (OR of T2: 0.57, 95% CI 0.44 to 0.75,
p<0.0001; OR of T3: 0.49, 95% CI 0.37 to 0.64, p<0.0001). In
contrast, a higher iSES was associated with better control of
hypertension of BP <140/90 mm Hg for all ages (OR of T2:
1.80, 95% CI 1.53 to 2.12, p<0.0001; OR of T3: 2.03, 95% CI
1.71 to 2.41, p<0.0001) and younger participants (OR of T2:
1.74, 95% CI 1.35 to 2.24, p<0.0001; OR of T3: 1.52, 95% CI
1.19 to 1.94, p=0.0009). For older participants, the iSES was
not associated with awareness, treatment or control of hyper-
tension. The statistical power (1-B) for each tertile compar-
ison was adequate (online supplemental table S8 and figure
S1).

Sensitivity analysis: factors associated with the hypertension
status (by a multivariable Analysis)

The results of the multivariable analysis between iSES
and hypertension status are shown in figures 5 and 6 and

online supplemental table S9. Similar to thatin the univari-
able analysis, a higher iSES was negatively associated with
awareness and treatment for hypertension, and positively
associated with better control of hypertension, except in
older participants. In addition, the covariate of male sex
was associated with poor control of hypertension in terms
of JNC8 criteria (OR: 0.70, 95% CI 0.55 to 0.88, p=0.0021)
and control of BP to <140/90 mm Hg (OR: 0.64, 95% CI
0.50 to 0.83, p=0.0006). Current and previous smokers
were associated with increased awareness (OR: 1.50, 95%
CI 1.08 to 2.09, p=0.0152 for previous smokers; OR: 1.70,
95% CI 1.19 to 2.44, p=0.0036 for current smokers) and
medical treatment for hypertension (OR: 1.47, 95% CI
1.05 to 2.06, p=0.0241 for previous smokers; OR: 1.53,
95% CI 1.06 to 2.21, p=0.0241 for current smokers), but
this association only existed for younger current smokers
after stratification. Diagnosis of DM and CKD was associ-
ated with a threefold increase in awareness and medical
treatment for hypertension. Nevertheless, participants
with DM and CKD were associated with a greater diffi-
culty in controlling hypertension. The magnitude of the
association between DM and CKD was more accentuated
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Awareness of Hypertension in Different Age Groups

90.00%

80.00%

70.00%

65.80%
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50.00% 48.00%
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33.30%

30.00%

20.00%

13.90% 12.50%

10.00%

0.00%

19-29 30-39 40-49

50-59

80.40%

76.30% 76.40%

71.20% 71.40% 70.60%

67.40%

60-69 70-79 >80

Age (years)

B Male [ Female
Figure 2 Awareness of hypertension in different age groups. The denominators for age groups of 19-29, 30-39, 40-49, 50-59,
60-69, 70-79 and >80 for men were 36, 40, 102, 158, 250, 224 and 102, and for women were 6, 24, 48, 129, 232, 242 and 107,
respectively. The numbers constitute the full sample of men and women separately.

in younger participants. The interaction terms among
continuous iSES, age, DM and CKD are shown in online
supplemental table S10, and the only significant interac-
tion term was between iSES and age.

DISCUSSION
The mostsignificant finding in this study was that younger
participants with a higher iSES had scored less in aware-
ness and treatment of hypertension, and fewer of them
were undergoing treatment for this disease. However, a
higher iSES score was associated with better hypertension
control. In addition, current smokers and subjects known
to have DM and CKD were robustly associated with posi-
tive awareness and treatment attitudes about hyperten-
sion despite having greater difficulty controlling their BP.
In Taiwan, the NHI was introduced in 1995 and is
characterised by great accessibility and short waiting
times when visiting physicians.** With its comprehensive
coverage of all medical costs of residents for treating
hypertension and hypertension-related diseases,** the
present study provides insights regarding how to increase
awareness of and treatment for hypertension in Taiwan.

Compared with the NAHSIT 1993—1996,1 this new survey
showed that the urban-rural gaps in awareness, treat-
ment and control of hypertension had diminished in
Taiwan. However, there was a gap in awareness and treat-
ment of hypertension between the younger and older
participants.

The primary step for good management of hyperten-
sion is to make people aware of hypertension.” ™ In
most cases, awareness of hypertension is probably rooted
in a clinical diagnosis of hypertension by a physician.”
Second, knowledge of hypertension is the driving force
to seek medical resources and to maintain routine health
checks.” * In our study, despite the younger group
with a higher iSES having a lower awareness and rate of
treatment, these participants were actually controlling
their hypertension well. A prior analysis from the NHI
database in Taiwan concluded that patients with higher
education levels are likely to obtain multiple sources of
health care.”” Recent studies have indicated that knowl-
edge of hypertension is independent,” ** and it acts in
an additive manner™ to improve control of hyperten-
sion. Patients with a higher iSES have more positive
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Treatment of Hypertension in Different Age Groups
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Figure 3 Treatment of hypertension in different age groups. The denominators for age groups of 19-29, 30-39, 40-49, 50-59,
60-69, 70-79 and >80 for men were 36, 41, 102, 158, 250, 225 and 102, and for women were 6, 24, 48, 129, 232, 242 and 107,
respectively. The numbers constitute the full sample of men and women separately.

attitudes and stronger motivation to adhere to healthy  deduced that younger adults may easily ignore their BP
lifestyle.”® Our results suggested that education about  status because they think that hypertension is a disease
increasing awareness of hypertension should focus on  that affects older adults. Once the state of hypertension
individuals in the younger age group in Taiwan. We

A Mean Systolic Blood Pressure in Different Age Groups B Mean Diastolic Blood Pressure in Different Age Groups
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-O-Male -a-Ffemale -Male -#-Female
Figure 4 (A) Mean systolic blood pressure and (B) mean diastolic blood pressure in different age groups. The denominators
for age groups of 19-29, 30-39, 40-49, 50-59, 60-69, 70-79 and >80 for men were 337, 286, 312, 398, 448, 359 and 153, and
for women were 336, 298, 306, 414, 438, 362 and 152, respectively. The numbers constitute the full sample of men and women
separately.
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Table 2 Proportions of prevalence, awareness, treatment and control of hypertension

iSES class

Lowest tertile (T1)

All ages (N=4599)
Prevalence of hypertension
Awareness of hypertension
Treatment of hypertension

<65 years (N=3076)
Prevalence of hypertension
Awareness of hypertension
Treatment of hypertension

>65 years (N=1523)
Prevalence of hypertension
Awareness of hypertension
Treatment of hypertension

52.7% (785/1489)
72.5% (568/784)
93.8% (533/568)

33.3% (187/561)
66.3% (124/187)
84.7% (105/124)

64.4% (598/928)

74.4% (444/597)
96.4% (428/444)

Middle tertile (T2) Highest tertile (T3) P value
32.5% (526/1621) 26.3% (391/1489) <0.0001*
65.1% (342/525) 59.5% (232/390) <0.0001*
94.7% (324/342) 88.4% (205/232) 0.0072*
22.1% (266/1204) 21.8% (286/1311) <0.0001*
56.0% (149/266) 54.4% (155/285) 0.0265*
92.6% (138/149) 84.5% (131/155) 0.0584
62.4% (260/417) 59.0% (105/178) 0.3499
74.5% (193/259) 73.3% (77/105) 0.9707
96.4% (186/193) 96.1% (74/77) 0.9920

*Statistical significance with Bonferroni correction p<0.0167.
iSES, individual socioeconomic status;

was recognised, the younger high-iSES group had better
medical compliance.

For older participants, iSES states were completely
dissociated from the awareness, treatment and control
states of hypertension. This could be attributed to public
recognition of the high prevalence of hypertension in the
elderly. In addition, older participants were more likely
to have other illnesses or chronic diseases, and they prob-
ably visited clinics or hospitals more often. With NHI
coverage, older participants in all iSES classes had equal
medical availability. Physicians and participants them-
selves had more chances to recognise their BP status at
each clinic or hospital visit. Knowing that one had DM or
CKD was an important factor associated with awareness

and treatment of hypertension in our analyses. To our
understanding, this finding directly confirms that partic-
ipants with chronic illnesses had a higher awareness and
were more willing to receive medical treatment, and they
indirectly supported the positive relationship between
visits to physicians and increased awareness and treatment
of hypertension. Most health education has focused on
older adults in the last decade, or toward an aged society
in Taiwan.'® Conversely, our study suggests that health
education for the younger group cannot be neglected.
The strengths of this survey are as follows. First, this
nationwide sample included a large number of repre-
sentative participants and displayed adequate statistical
power. Second, we adopted two definitions for controlling

Table 3 Univariable analysis of the association between iSES and awareness, treatment, control of hypertension

iSES class Awareness Treatment Controlled<140/90 mm Hg
OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

All ages

Lower tertile (T1)  Ref. Ref. Ref.

Middle tertile (T2) 0.43 (0.37 to 0.51) <0.0001 0.45 (0.39 to 0.53) <0.0001 1.80 (1.53 t0 2.12) <0.0001

High tertile (T3) 0.30 (0.25 to 0.36) <0.0001 0.28 (0.23 t0 0.33) <0.0001 2.03 (1.71 to 2.41) <0.0001
<65 years

Lower tertile (T1)  Ref. Ref. Ref.

Middle tertile (T2)  0.50 (0.39 to 0.64) <0.0001* 0.57 (0.44 to 0.75) <0.0001* 1.74 (1.35t0 2.24) <0.0001*

High tertile (T3) 0.48 (0.37 to 0.61) <0.0001* 0.49 (0.37 to 0.64) <0.0001* 1.52 (1.19t0 1.94)  0.0009*
>65 years

Lower tertile (T1)  Ref. Ref. Ref.

Middle tertile (T2) 0.96 (0.76 to 1.21) 0.7128 0.98 (0.78 to 1.24) 0.8796 0.99 (0.79to 1.27)  0.9920

High tertile (T3) 0.83 (0.60 to 1.14) 0.2421 0.81 (0.59to 1.12)  0.2020 1.16 (0.82t0 1.62)  0.4041

*Statistical significance with Bonferroni correction p<0.0167.
iSES, individual socioeconomic status.;
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Figure 5 Multivariable analysis of the factors associated with awareness, treatment and control of hypertension (total
population). In the multivariable analysis, each factor was adjusted for the other factors. BP, blood pressure; CKD, chronic
kidney disease; DM, diabetes mellitus; iSES, individual socioeconomic status; JNC8, Eighth Joint National Committee.

hypertension with (1) BP <140/90 mm Hg and (2)
]NCS.QS The reasons we used two definitions were (1) to
comply with the standards of most published studies with
simple criteria of 140/90 mm Hg or current therapy with
antihypertensive medications and (2) to comply with the
treatment guideline®® published by the Taiwan Society
of Cardiology in 2015. During the study period, 2013-
2016, most physicians in Taiwan followed the treatment
guideline® of the Taiwan Society of Cardiology, which
was adapted from JNC8. Therefore, a healthy population
of >60-year-old without diabetes and CKD was treated
with a BP goal of <150/90 mm Hg, while the others had
a BP goal of <140/90 mm Hg. In our analyses, a higher
SES was associated with better control of hypertension
in both the JNC8 and 140/90 mm Hg criteria, but this
relationship was not observed in older adults. In contrast,
DM and CKD were robustly associated with unfavourable
control of hypertension in both the younger and older
age groups. BP control was highly associated with the
disease state and medical comorbidities. Consequently,
these findings suggest that improving awareness and

medical treatment should enhance hypertension control
in the younger group with a higher iSES, but not in the
older group, due to their already existing high level of
awareness.

This study has some limitations. It had a cross-sectional
design in the form of NAHSIT. Causal associations between
SESs and hypertension could not be inferred from our
survey. The importance of this survey was to guide us in
what to do to increase hypertension control with NHI
coverage of all personal medical costs in Taiwan. Since
the NAHIST 2013-2016 adopted a door-to-door survey,
people who lived in extremely remote areas, including
islands near the east coastline and very high-mountain
regions, were not covered in our study. Additionally,
foreigners living in Taiwan were not investigated in this
study since our nationwide sampling was based on native
census data. During our study analysis, we calculated the
average BP of the three nearest recordings according to
the recommendations' * of the American Heart Asso-
ciation. The WHO STEPwise approach to surveillance
protocol suggests discarding the first BP reading and
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Figure 6 Multivariable analysis of the factors associated with awareness, treatment and control of hypertension in younger
(<65 years) and older participants (=65 years). In the multivariable analysis, each factor was adjusted for the other factors. CKD,
chronic kidney disease; DM, diabetes mellitus; iSES, individual socioeconomic status; JNC8, Eighth Joint National Committee.

taking the average BP of the last two readings. However,
two studies investigated the effect of excluding first BP
and found no significant impact on the distribution of
categorising participants into two groups of BP <140/90
mm Hg and BP >140/90 mm Hg.” *® A recent large-scale
study®® concluded that there was an extremely small differ-
ence (approximately 1.5 mm Hg) between excluding and
including first BP measurement in the settings of random
population sample, general practice office and special-
ised cardiovascular centres. Despite the small difference
between our study and the others, we tended to keep the
first readings of BP because we consider that it reflects
short-term variability in reality. Third, half of the healthy
participants in our study agreed to undergo phlebotomy
for laboratory testing. However, this missing information
should not distort our main results because no blood
testing was needed to measure the prevalence, awareness,
treatment and control of hypertension. Additionally, the
older and younger participants had similar proportions of
completed phlebotomy for blood sugar and serum creat-
inine (online supplemental table S1)); therefore, this

missing information should not cause differential estima-
tion in younger and older age groups. Finally, NAHSIT
2013-2016 had no direct measurement of knowledge of
hypertension.

In conclusion, strategies to improve awareness and
treatment of hypertension should focus on younger
patients with higher SESs. It is probable that the younger
group may easily neglect personal healthcare. Further
investigations into the causes of this phenomenon are,
therefore, required in the future.
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