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Background: Hypertension is highly prevalent among patients who visit primary care clinics. Various factors and
lifestyle behaviors are associated with effective blood pressure control. We aimed to identify factors and lifestyle
modifications associated with blood pressure control among patients prescribed antihypertensive agents.
Methods: This survey was conducted at 15 hospital-based family practices in Korea from July 2008 to June 2010. We
prospectively recruited and retrospectively assessed 1,453 patients prescribed candesartan. An initial evaluation of
patients’ lifestyles was performed using individual questions. Follow-up questionnaires were administered at 4, 8,
and 12 weeks. We defined successful blood pressure control as blood pressure <140 mm Hg systolic and <90 mm
Hg diastolic.
Results: Of the 1,453 patients, 1,139 patients with available data for initial and final blood pressures were included.
In the univariate analysis of the change in performance index, weight gain (odds ratio [OR], 2.18; 95% confidence
interval [CI], 1.52 to 3.11; P<0.001), physical inactivity (OR, 1.195; 95% CI, 1.175 to 3.387; P=0.011), and increased
salt intake (OR, 1.461; 95% CI, 1.029 to 2.075; P=0.034) were related to inadequate blood pressure control. Salt intake also showed a significant association. Multivariate ORs were calculated for age, sex, body mass index, education, income, alcohol consumption, smoking status, salt intake, comorbidity, and family history of hypertension. In
the multivariate analysis, sex (OR, 3.55; 95% CI, 2.02 to 6.26; P<0.001), salt intake (OR, 0.64; 95% CI 0.43 to 0.97;
P=0.034), and comorbidity (OR, 1.82; 95% CI, 1.23 to 2.69; P=0.003) were associated with successful blood pressure
control.
Conclusion: Weight gain, physical inactivity, and high salt intake were associated with inadequate blood pressure
control.
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Introduction

Methods

Globally, hypertension is one of the leading causes of mortality, one of

1. Study Design and Subjects

the principle risk factors for cardiovascular disease, and a major cause

This study was a multi-center, observational study conducted at 15

of premature death.1) Hypertension is difficult to diagnose until medi-

hospital-based family practices in Korea from July 2008 to June 2010.

cal complications occur, since patients rarely present with specific

We prospectively recruited and retrospectively assessed 1,453 patients

symptoms in the early stages of the disease. Hypertension is also diffi-

with hypertension who were prescribed candesartan. An inclusion

cult to manage effectively, as is consistent treatment after it is diag-

criterion was available blood pressure data of patients for each clinic

nosed, due to lack of awareness and patient compliance.2)

visit to assess hypertension control. Participants with missing age or

Hypertension is a major modifiable risk factor for cardiovascular

sex were excluded. Also participants who did not measure blood pres-

diseases and stroke. Proper treatment of hypertension can reduce the

sure were excluded. A total of 1,139 patients were included in the

risk of stroke up to 42% and the risk of coronary heart disease by about

study. The study was reviewed and approved by the institutional re-

14%.3) However, various lifestyle factors are associated with cardiovas-

view board of Asan Medical Center (2008-0290).

cular disease and hypertension, such as smoking, obesity, diabetes,

We prospectively recruited and retrospectively assessed patients

dyslipidemia, and others. Lifestyle is a vital issue in managing hyper-

with hypertension who were newly prescribed candesartan. Prelimi-

tension since optimal therapy of the disease involves consideration of

nary assessments on patients’ lifestyle including smoking, alcohol

the patient’s age, sex, race, diet, exercise, tobacco use, comorbid con-

consumption, salt intake, and physical activity were conducted using

ditions, use of antihypertensive drug treatment, compliance, and

individual survey questions. Basic information including income, edu-

achievement of blood pressure control.4) Bruno et al.5) studied the

cation, and marital status were also collected.

prevalence of systemic arterial hypertension and its association with

This study is an additional analysis of a randomized controlled trial

modifiable risk factors in young adults. Male sex, adiposity, and ali-

of the effect of mobile phone text message reminders on compliance

mentary habits were identified as the main determinants of high blood

and lifestyle modification in patients with hypertension.8)

pressure values, and therefore, were identified as factors for healthy

2. Follow-Up and Survey Questions

lifestyle interventions.
Approximately 20% of the adult population worldwide has hyper-

Patients who agreed to participate in the study were given survey

tension. In 2013, the prevalence of hypertension included 27.3% of Ko-

questions for initial inquiry and follow-up inquiries were made at

rean adults, aged over 30 years. The direct and indirect medical costs

week 4, 8, and 12 in the outpatient clinic. Attending physicians record-

of hypertension are huge, considering the number of patients and

ed the data from each appointment. This included the date, antihyper-

families that are affected, and the related costs of treatment, including

tensive drug usage, drug adherence rate, two blood pressure measure-

blood pressure-related complications. Effective blood pressure man-

ments with the mean value, weight, change in alcohol consumption,

agement is multifactorial and requires the commitment of patients,

change in physical activity, and change in salt intake.

6)

families, healthcare providers, and communities. It is important for

Participants filled out initial hypertension survey questionnaires at

physicians to recognize patients’ health behaviors in order to provide

the first medical appointment, and follow-up survey questionnaires at

proper advice and consistent follow-up.

each follow-up visit to the clinic. In the initial survey, basic characteris-

There are many studies on factors associated with hypertension. How-

tics including sex, age, monthly income, education, marital status,

ever, prospective studies on the effect of lifestyle modification on blood

smoking status, alcohol consumption, physical activity, body mass in-

pressure control are rare, especially in East Asia. One research study

dex (BMI), habit of salt intake, comorbidities (diabetes, dyslipidemia,

investigated the effect of an access-enhanced intervention on hyper-

cardiovascular disease, and stroke), family medical history, and other

tension screening and management, as well as on health behaviors

prescribed medication use were documented.

among newly diagnosed hypertensives, in a multi-ethnic low socio-

Smoking status was divided into three groups: ‘never smoker,’ ‘cur-

economic status community in Singapore. The results show some

rent smoker,’ and ‘ever smoker.’ Alcohol consumption was defined as

positive effects of intervention on the management of hypertension,

‘drinker’ and ‘non-drinker.’ If the answer was ‘drinker,’ the follow-up

but lifestyle changes showed a less significant effect.7)

question was “How often per week?” ‘Non-drinker’ included someone

The purpose of this study was to identify factors and to evaluate life-

who never drinks or who drinks only once per month.

style modifications associated with blood pressure control among pa-

We used the International Physical Activity Questionnaire-Short

tients who were prescribed hypertension medication at a primary care

Form (IPAQ-SF) for evaluating physical activity. The IPAQ-SF asks

clinic.

about three specific types of activity (walking, moderate intensity activities, and vigorous intensity activities) and hours spent sitting in the
past 7 days. Volume of activity was computed by measuring each activity based on its energy requirements, defined as metabolic equivalent
tasks (METs) (walking=3.3 METs, moderate physical activity=4.0
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Table 1. Demographic characteristics of the patients who succeeded or failed in BP control
Characteristic
Age (y)
≤50
51–60
61–70
≥71
Sex
Male
Female
Body mass index (kg/m2)
<23.0
23.0–24.9
≥25.0
Unknown
Education (y)
<12
12
>12
Unknown
Income (million won/mo)
>400
200–400
<200
Unknown
Alcohol consumption
None
Drinker
Unknown†
Smoking
Never smoker
Ever smoker
Unknown
Degree of physical activity‡
Inactive
Minimally active
Health enhancing
Unknown
Habit of salt intake§
Normal
High
Unknown
ComorbidityΙΙ
Present
Absent
Unknown
Family history of hypertension
Yes
No
Unknown
Compliance (%)
≥80
<80
Unknown
No. of medication
Atacand only
Atacand+1
Atacand+≥2
Unknown

Total (n=1,139)
92 (8.1)
282 (24.8)
425 (37.3)
340 (29.9)

Success (n=961)*
64.89±10.22
68 (7.1)
220 (22.9)
372 (38.7)
301 (31.3)

Failure (n=178)

P-value
<0.001

24 (13.5)
62 (34.8)
53 (29.8)
39 (21.9)
<0.001

449 (39.4)
690 (60.6)

109 (61.2)
69 (38.8)

234 (20.5)
311 (27.3)
517 (45.4)
77 (6.8)

340 (35.4)
621 (64.6)
25.12±3.03
207 (23.0)
272 (30.2)
421 (46.8)
-

301 (26.4)
435 (38.2)
360 (31.6)
43 (3.8)

270 (29.3)
376 (40.8)
276 (29.9)
-

31 (17.8)
59 (33.9)
84 (48.3)
-

469 (41.2)
325 (28.5)
253 (22.2)
92 (8.1)

384 (43.7)
270 (30.7)
225 (25.6)
-

80 (50.6)
55 (32.7)
28 (16.7)
-

722 (63.4)
368 (32.3)
49 (4.3)

292 (31.7)
629 (68.3)
-

76 (45.0)
93 (55.0)
-

749 (65.8)
353 (31.0)
37 (3.2)

649 (69.9)
280 (30.1)
-

100 (57.8)
73 (42.2)
-

328 (28.8)
199 (17.5)
224 (19.7)
388 (34.1)

276 (43.1)
168 (26.3)
196 (30.6)
-

52 (46.8)
31 (27.9)
28 (25.2)
-

797 (70.0)
303 (26.6)
39 (3.4)

693 (74.8)
234 (25.2)
-

104 (60.1)
69 (39.9)
-

644 (56.5)
483 (42.4)
12 (1.1)

562 (59.0)
390 (41.0)
-

82 (46.9)
93 (53.1)
-

523 (45.9)
580 (50.9)
36 (3.2)

427 (45.9)
504 (54.1)
-

96 (55.8)
76 (44.2)
-

1,059 (93.0)
52 (4.6)
28 (2.5)

898 (95.7)
40 (4.3)
-

161 (93.1)
12 (6.9)
-

696 (61.1)
351 (30.8)
81 (7.1)
11 (1.0)

589 (61.9)
295 (31.0)
67 (7.0)
-

107 (60.5)
56 (31.6)
14 (7.9)
-

0.013
27 (16.7)
39 (24.1)
96 (59.3)
<0.001

0.042

0.001

0.002

0.516

<0.001

0.003

0.016

0.126

0.893

Values are presented as mean±standard deviation or number (%).
BP, blood pressure.
*Success in BP control was defined as systolic BP <140 mm Hg and diastolic BP <90 mm Hg. †Patients who did not answer the question regarding amount of drinking.
‡
Evaluated using a questionnaire and converted into a metabolic equivalent task score. §High salt intake was defined as total score >18 in males and 16 in females based on
the questionnaires. ΙΙIncludes diabetes, hypercholesterolemia, coronary artery disease, and cerebral vascular disease.
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METS, and vigorous physical activity=8.0 METS). MET-minutes is calculated using the following equation: MET-level for each activity×time

Results

in minutes×number of times per week. Minimally active was defined

Of the 1,453 patients, 1,139 with available data for initial and follow-up

as a minimum of at least 600 MET-min/wk. Health enhancing activity

blood pressure measurements at 12 weeks were included. The study

was defined as a minimum of at least 1,500 MET-min/wk. Others were

population consisted of patients with an average age of 64 years, of

classified as inactive.9)

whom 60% were female, and 40% were male with a mean BMI of

Habit of salt intake was evaluated by using three questions from the
10)

25.1±3.0 kg/m2. Among 1,139 participants, 961 (84%) were in the suc-

salt usage questionnaire found in the study by Kim et al. : “I usually

cess group and 178 (16%) were in the failure group. Comparison of the

eat salty food,” “I add salt or soy sauce on cooked dishes,” and “I eat

success and fail groups showed statistical significance in terms of the

pan-fried or deep-fried food with soy sauce,” For all 3 questions, the

baseline characteristics of age, sex, BMI, education, income, alcohol

answers “very salty” or “always” were given a score of 12 and “not

use, smoking, salt intake, comorbidity, and family history of hyperten-

salty” and “never” was given a score of 0. Summation of scores for each

sion (Table 1).

question were calculated and ‘high salt intake’ was defined as a score
>18 in males and >16 in females.

In the analysis of the OR for factors associated with successful blood
pressure control, multivariate ORs were calculated by adjusting age,

For follow-up clinic visits at week 4, 8, and 12, participants answered

sex, BMI, education, income, alcohol, smoking, habit of salt intake, co-

questions regarding weight, smoking, alcohol consumption, physical

morbidity, and family history. In the analysis, sex (OR, 3.55; 95% CI,

activity, and salt intake.

2.02 to 6.26; P<0.001), salt intake (OR, 0.64; 95% CI, 0.43 to 0.97;
P=0.034), and comorbidity (OR, 1.82; 95% CI, 1.23 to 2.69; P=0.003)

3. Measurements

were associated with successful blood pressure control (Table 2).

We defined successful blood pressure control as both less than 140

In the univariate analysis of the performance index, increased BMI

mm Hg systolic and 90 mm Hg diastolic at 12 weeks from the initial

(OR, 2.18; 95% CI, 1.52 to 3.11; P<0.001) was related to poor blood

survey.

pressure control. In addition, a response of “no” for increased physical

For change in performance index, we compared answers from the

activity, indicating the same or less physical activity (OR, 1.995; 95% CI,

initial survey questions to the final survey data at 12 weeks. Reduced

1.175 to 3.387; P=0.011), and “no” for reduced salt intake (OR, 1.461;

alcohol use refers to the absolute reduction in the number of drinking

95% CI, 1.029 to 2.075; P=0.034) were also related to less effective blood

episodes and was divided into 4 categories: (1) no change, (2) reduc-

pressure control compared to patients who responded “yes.” Multivar-

tion by <1 time per week, (3) reduction by 1–2 times per week, an (4)

iate OR, calculated by adjusting for age, sex, and comorbidity, and in-

reduction by ≥3 times per week. Change in BMI was calculated by

creased BMI (OR, 2.01; 95% CI, 1.39 to 2.91; P<0.001), and a response

comparing measurement data at the initial survey and the final survey.

of “no” for increased physical activity (OR, 2.377; 95% CI, 1.351 to 4.18;

An increase in BMI by >0.5 kg/m2 or ≤0.5 kg/m2 was also evaluated.

P=0.003) were statistically significant factors (Table 3).

For physical activity, changes in MET scores were observed. The salt

In addition, responses to three questions regarding salt usage be-

intake index was calculated from the change in the absolute value of

haviors showed a significant association. For question 1, “I usually eat

the score based on the questions. We also analyzed salt intake by the

salty food” (self-reported level of salt intake), the OR for a response of

change in answers from individual questionnaires and the signifi-

“moderate” was significantly increased (OR, 1.83; 95% CI, 1.25 to 2.67;

cance.

P=0.002). In question 2, “I add salt or soy sauce on cooked dishes” (usage of salt/soy sauce), the answer “never” showed a strong correlation

4. Statistical Analysis

with successful blood pressure control (OR, 3.15; 95% CI, 1.69 to 5.87;

Baseline characteristics of participants and change in performance in-

P<0.001). For question 3, “I eat pan-fried or deep-fried food with soy

dex, including alcohol use, BMI, physical activity, and salt intake from

sauce” (use of soy sauce when eating fried food), the OR for both an-

the initial survey to the final survey at 12 weeks was analyzed using

swers “sometimes” (OR, 1.70; 95% CI, 1.02 to 2.82; P=0.041) and “nev-

chi-square and independent samples t-test. Multiple logistic regres-

er” (OR, 2.60; 95% CI, 1.52 to 4.44; P<0.001) were significantly in-

sion analysis was done for multivariate analysis. Both univariate and

creased (Table 4).

multivariate analysis was done by adjusting the factors that were statistically significant in the demographic characteristics (Table 1). This
included age, sex, BMI, education, income, alcohol, smoking, habit of

Discussion

salt intake, comorbidity, and family history of hypertension with a 95%

In this observational study, we found that increased physical activity

confidence interval (CI) for the odds ratio (OR).

and reduced salt intake were associated with successful blood pres-

Statistical analysis was performed using IBM SPSS ver. 21.0 (IBM
Corp., Armonk, NY, USA) with significance at the P-value of 0.05.

sure control. In addition, increased BMI was negatively associated
with adequate blood pressure control. The total rate of successful
blood pressure control was 84.4% (64.6% female and 35.4% male).
Among the baseline characteristics, age, sex, salt intake, and family
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Table 2. Factors associated with successful blood pressure control
Variable
Age (y)
≤50
51–60
61–70
≥71
Sex
Male
Female
BMI (kg/m2)
<23.0
23.0–24.9
≥25.0
Education (y)
<12
12
>12
Income (million won/mo)
>400
200–400
<200
Smoking
Never smoker
Ever smoker
Degree of physical activity
Inactive
Minimally active
Health enhancing
Salt intake
Normal
High
Comorbidity
Absent
Present
Family history of hypertension
Yes
No
Compliance (%)
≥80
<80

Crude OR
OR (95% CI)

Multivariate OR*
P-value

OR (95% CI)

P-value

1 (reference)
1.252 (0.727–2.158)
2.477 (1.433–4.281)
2.724 (1.537–4.829)

0.418
0.001
0.001

1 (reference)
0.814 (0.434–1.526)
1.265 (0.648–2.470)
1.260 (0.614–2.586)

0.521
0.492
0.592

1 (reference)
2.885 (2.076–4.010)

<0.001

1 (reference)
3.554 (2.019–6.257)

<0.001

1 (reference)
0.910 (0.539–1.535)
0.572 (0.362–0.905)

0.723
0.017

1 (reference)
0.892 (0.491–1.623)
0.591 (0.343–1.017)

0.709
0.057

1 (reference)
0.732 (0.461–1.161)
0.377 (0.242–0.589)

0.185
<0.001

1 (reference)
0.827 (0.458–1.495)
0.702 (0.366–1.348)

0.530
0.288

1 (reference)
1.779 (1.126–2.811)
1.087 (0.748–1.578)

0.014
0.663

1 (reference)
1.240 (0.676–2.274)
1.354 (0.734–2.499)

0.488
0.332

1 (reference)
0.591(0.424–0.824)

0.002

1 (reference)
1.570 (0.937–2.629)

0.087

1 (reference)
1.111 (0.718–1.720)
1.291 (0.846–1.971)

0.637
0.236

1 (reference)
0.702 (0.283–1.744)
1.234 (0.506–3.007)

0.447
0.644

1 (reference)
0.509 (0.363–0.714)

<0.001

1 (reference)
0.644 (0.429–0.967)

0.034

1 (reference)
1.634 (1.182–2.259)

0.003

1 (reference)
1.818 (1.230–2.689)

0.003

1 (reference)
1.491 (1.075–2.068)

0.017

1 (reference)
0.799 (0.539–1.184)

0.263

1 (reference)
0.598 (0.307–1.164)

0.130

1 (reference)
0.534 (0.131–2.167)

0.38

OR, odds ratio; CI, confidence interval; BMI, body mass index.
*Calculated by adjusting for age, sex, BMI, education, income, alcohol, smoking, habit of salt intake, comorbidity, and family history of hypertension.

history of hypertension showed statistically significant differences be-

panic whites.12) In addition, patients with comorbidities showed better

tween the success group and failure group.

blood pressure control achievement rates in our study. The higher

In our study, 75.7% of males and 90.0% of females attained their tar-

achievement rate and better adherence compared with patients with-

get blood pressure; this is a relatively high achievement rate, compared

out comorbidities is similar to the higher adherence trend observed

with that observed in previous studies. This may be due to better com-

among the women in this study. In a study by Turner et al.,13) patients

pliance and adherence among the women in the survey. This is con-

with more unrelated comorbid conditions were less likely to have un-

sistent with the results of another study in Korea that reported higher

controlled hypertension at the primary care visit. Also, in another

11)

rates of controlled diabetes and hypertension in women. However,

study on hypertension control in relation to concomitant risk factors

in another research study performed in the USA, women, Mexican-

and comorbidity, the overall degree of control increased with increas-

Americans, and those aged ≥60 years had significantly lower rates of

ing numbers of comorbid diseases.14)

blood pressure control than men, younger individuals, and non-His-

The factors associated with the potential antihypertensive effects of
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Table 3. Changes in the performance index between patients with successful and failed blood pressure control
Variable

Total

Reduced alcohol use among drinkers
Yes
No
Unknown
Reduction in frequency of alcohol consumption
No change
<1/wk
1–2/wk
>3/wk
Unknown†
Increased body mass index
Yes
No
>0.5 kg/m2
≤0.5 kg/m2
Increased physical activity
Yes
No
Reduced salt intake
Yes
No

1,139
88 (7.7)
243 (21.3)
808 (70.9)
1,139
201 (17.6)
24 (2.1)
14 (1.2)
4 (0.4)
896 (78.7)
1,062
250
812
96 (9.0)
966 (91.0)
965
882
83
1,096
408
688

Failure

Success

22 (25.0)
43 (17.7)

Univariate OR

Adjusted OR*

(95% CI)

P-value

(95% CI)

P-value

66 (75.0)
200 (82.3)

1 (reference)
0.645 (0.360–1.157)

0.141

1 (reference)
0.727 (0.398–1.330)

0.301

38 (18.9)
2 (8.3)
2 (14.3)
1 (25.0)

163 (81.1)
22 (91.7)
12 (85.7)
3 (75.0)

1 (reference)
0.390 (0.088–1.730)
0.715 (0.154–3.328)
1.430 (0.145–14.127)

0.215
0.669
0.760

1 (reference)
0.421 (0.093–1.895)
0.569 (0.119–2.713)
1.500 (0.145–150494)

0.260
0.479
0.734

59 (23.6)
101 (12.4)
25 (26.0)
135 (14.0)

191 (76.4)
711 (87.6)
71 (74.0)
831 (86.0)

1 (reference)
2.175 (1.519–3.113)
1 (reference)
2.044 (1.420–2.942)

<0.001

1 (reference)
2.010 (1.388–2.911)
1 (reference)
2.189 (1.309–3.659)

128 (14.5)
21 (25.3)

754 (85.5)
62 (74.7)

1 (reference)
1.995 (1.175–3.387)

0.011

1 (reference)
2.377 (1.351–4.183)

0.003

52 (12.7)
121 (17.6)

356 (87.3)
567 (82.4)

1 (reference)
1.461 (1.029–2.075)

0.034

1 (reference)
1.324 (0.914–1.917)

0.138

<0.001

<0.001
0.003

Values are presented as number or number (%).
OR, odds ratio; CI, confidence interval.
*Multivariate OR calculated by adjusting for age, sex, and comorbidity. †Persons with no classification.

Table 4. Blood pressure control trend by individual salt intake
Variable

Total

Self-reported level of salt intake
Very high
Moderate
Less
Use of salt/soy sauce
Always
Frequent
Rarely
Never
Use of soy sauce when eating fried food
Always
Sometimes
Never

1,109
240 (21.6)
684 (61.7)
185 (16.7)
1,104
73 (6.6)
176 (15.9)
419 (38.0)
436 (39.5)
1,104
96 (8.7)
547 (49.5)
461 (41.8)

Success

Failure

Odds ratio (95% confidence interval)

P-value

188 (78.3)
594 (86.8)
153 (82.7)

52 (21.7)
90 (13.2)
32 (17.3)

1 (reference)
1.826 (1.250–2.666)
1.322 (0.811–2.157)

0.002
0.263

55 (75.3)
140 (79.5)
341 (81.4)
395 (90.6)

18 (24.7)
36 (20.5)
78 (18.6)
41 (9.4)

1 (reference)
1.273 (0.667–2.428)
1.431 (0.796–2.572)
3.153 (1.693–5.872)

0.464
0.231
<0.001

71 (74.0)
453 (82.8)
406 (88.1)

25 (26.0)
94 (17.2)
55 (11.9)

1 (reference)
1.697 (1.022–2.818)
2.599 (1.521–4.442)

0.041
<0.001

Values are presented as number or number (%).

long-term aerobic exercise are not completely understood, while a re-

tivity and observed changes within 12 weeks of treatment. The adjust-

duction in sympathetic activity and an improvement in endothelial

ed OR for the answer “no” for increased physical activity (which in-

function have been proposed as mechanisms affecting blood pres-

cluded no change or a decreased MET score after 12 weeks) was 0.43

sure.15) In one randomized trial, patients with a recent myocardial in-

for successful blood pressure control (Table 3).

farction showed improved baroreceptor sensitivity and reduced mus-

A variety of dietary modifications are known to be beneficial in the

cle sympathetic nerve activity with exercise training.16) Another study

treatment of hypertension, including reduction of sodium intake;

that compared muscle biopsies in patients with hypertension before

moderation of alcohol intake; weight loss in overweight or obese indi-

and after an exercise program documented decreased levels of the va-

viduals; and a diet rich in fruits, vegetables, legumes, and low-fat dairy

soconstrictor thromboxane and increased levels of the vasodilator

products, and also low in snacks, sweets, meat, and saturated fat. Indi-

prostacyclin.17) In our study, we used MET scores to assess physical ac-

vidual dietary factors may also be helpful in lowering blood pressure.18)
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In our study, we focused on the association between reduction in

cance was only maintained in question 3.

salt intake and blood pressure control by using self-reported survey

In phase 1 of the Trials of Hypertension Prevention, during an

questions. Aburto et al.19) found that in non-acutely ill adults, reduced

18-month follow-up period, the weight reduction program was shown

sodium intake reduced blood pressure and had no adverse effect on

to be an effective non-pharmacologic intervention for reducing blood

blood lipids, catecholamine levels, or renal function. Moderate quality

pressure in overweight adults with high to normal blood pressure.22) In

evidence in children showed that a reduction in sodium intake re-

our study, participants with the same or decreased BMI in the 12-week

duced blood pressure. Lower sodium intake was also associated with a

period showed better blood pressure control. We analyzed for both

19)

reduced risk of stroke and fatal coronary heart disease in adults.

changes in the absolute BMI and set a standard of >0.5 kg/m2 as a sig-

One study estimated the daily salt intake among the US population

nificant increase in BMI. The result from both analyses showed statis-

to be 10.0 to 14.5 g, with about one-third occurring naturally in food,

tical significance in which increased BMI was inversely related to suc-

one-third added during food processing, and one-third added by the

cessful blood pressure control.

consumer. Males consume more sodium than females and the intake

As the locations of clinics which our data were collected are large

of both sexes decline with age.20) Discretionary sodium intake among

metropolitan area, there for there can be geographical bias. In addi-

Koreans was estimated to be 45% to 85%, which tends to be higher

tion, the follow-up survey period was 12 weeks, and only blood pres-

than in Western countries. A study by Kim et al.10) studied the relation-

sure control and other lifestyle changes were observed in this short pe-

ship between 24-hour urinary sodium excretion and salt usage in or-

riod of time. Therefore, the associations cannot be established with

der to develop valid questionnaires to estimate dietary salt intake. The

certainty about long-term effects. Since the survey asked the patients

study showed the median 24-hour urinary sodium excretion among

to answer questions about their behaviors during the past several

the study subjects ranged from 129 to 216 mmol, depending on the

weeks at each clinic visit, there is also a possibility of recall bias. Other

10)

age and sex, while approximately 90% of the world’s population has

limitations include the relative lack of quantitative analysis on lifestyle

a mean usual sodium intake within a range of approximately 115 to

changes, such as habit of salt intake, smoking status, and alcohol con-

215 mmol (±2 standard deviation).21) By evaluating the correlation co-

sumption. Important strengths include the large number of partici-

efficient, Kim et al.10) derived 3 questions that may be useful in estimat-

pants that were included in the study. The blood pressure measure-

ing the sodium intake of the Korean adult population. We used those 3

ments were conducted at clinics that provided reliable data, and sur-

questions in our study to assess the habit of salt intake and to observe

vey questions were filled out at each clinic visit, for convenience of the

changes in salt intake 12 weeks after initiating treatment for hyperten-

patients, and for follow-up study.

sion (Table 4). For each question, participants with less salt intake

Conclusions from the eighth Joint National Committee guidelines,

tended to be more successful in blood pressure control. The correla-

which is based on evidence from randomized controlled trials, suggest

tion between less salt intake and blood pressure control was statisti-

that a health eating, weight management, and appropriate physical

cally significant especially for question 3, “Usage of soy sauce when

activity are essential for the management of high blood pressure in

eating fried food.” In Table 4, we used a 12-point scale (example, 12, 8,

adults, since these lifestyle managements have the potential to im-

4, and 0) for each question. In order to maintain continuity, in Table 5,

prove blood pressure control and even reduce the need for medica-

we converted the answers into 3 categories (increased, same, and de-

tion.23) Our findings indicate that to achieve better rates of blood pres-

creased) and evaluated the association with blood pressure control. As

sure control, the clinician should advise lifestyle modifications such as

a result, for all 3 questions, decreased salt intake was positively associ-

adequate physical activity and low salt intake, in addition to prescrib-

ated with successful blood pressure control; however, statistical signifi-

ing medication and monitoring the patient for hypertension control.

Table 5. Blood pressure control trend by individual salt intake (scale conversion)
Variable

Total

Self-reported level of salt intake
Increased
Same
Decreased
Use of salt/soy sauce
Increased
Same
Decreased
Use of soy sauce when eating fried food
Increased
Same
Decreased

1,109
37 (3.3)
845 (76.2)
227 (20.5)
1,101
75 (6.8)
713 (64.8)
313 (28.4)
1,101
34 (3.1)
850 (77.2)
217 (19.7)

Success

Failure

Adjusted odds ratio (95% confidence interval)

P-value

30 (81.8)
704 (83.3)
201 (88.5)

7 (18.9)
141 (16.7)
26 (11.5)

1 (reference)
1.176 (0.494–2.800)
1.583 (0.616–4.067)

0.714
0.340

59 (78.7)
594 (83.3)
275 (87.9)

16 (21.3)
119 (16.7)
38 (12.1)

1 (reference)
1.430 (0.765–2.670)
1.543 (0.775–3.074)

0.262
0.217

22 (64.7)
716 (84.2)
189 (87.1)

12 (35.3)
134 (15.8)
28 (12.9)

1 (reference)
3.187 (1.483–6.848)
3.687 (1.581–8.600)

0.003
0.003

Values are presented as number of number (%).
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