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Background: Previous studies revealed weight gain is an independent risk factor for hypertension. Hypertension
in late middle age increases the risks of dementia and cardiovascular diseases. We aimed to analyze the differ-
ence in the risk of hypertension in the late middle age according to the change of body mass index (BMI) using
nationwide cohort data of South Korea.

Methods: We used 64,136 individuals from National Health Insurance Service-Health Screening Cohort in
South Korea. The primary endpoint is newly diagnosed hypertension after observation start date, which was
defined as the date of first examination after 50. BMI changes were measured between two consecutive health
examinations before and after 50. Cox proportional hazard regression analysis was performed to evaluate the
association between the change of BMI and the risk of hypertension.

Results: During the mean follow-up period of 3.4+1.9 years, 8,676 individuals were diagnosed with hypertension.
Both normal-to-obese group and obese-to-obese group had 19% higher risk for hypertension, and obese-to
normal group had 10% higher risk for hypertension in late middle age, compared to normal-to-normal group.
Conclusions: We confirmed becoming obese and maintaining obese increase the risk of hypertension in
late middle age. Thus, clinicians need to assess obese patients regularly for the possibility of new onset hyper-
tension and take preventive measure to reduce the risk by losing weights before late middle age.
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In regards to changes of BMI, Shihab et al.” reported the
rate of change in BMI over the life span increased the risk
of new-onset hypertension with a dose-response manner.
Similarly, Ren et al.” reported that non-overweight partic-
ipants at baseline had higher risk of hypertension with odds
ratio of 1.47 (95% confidence interval [CI], 1.08-1.99) when
they became overweight.

The incidence rates of hypertension also increase with
age.” According to a population-based cohort research in
South Korea by Lee et al,” the incidence rate of systolic
hypertension measured by 1,000 person-years was 6.4, 9.8,
18.6, and 32.6 in the age group of under 45, 45-54, 55-64,
and 65 or older, respectively. A Spanish study revealed that
the incidence rate of hypertension was 4.6, 9.1, 11.8, and
43.8 respectively for women and 8.7, 22.6, 32.9, and 55.6 re-
spectively for men in the age group of 25-34, 35-44, 45-54,
and 55-64.” In the two studies, the incidence of hyper-
tension was increased 47-186% from the age group of 45-54
to 55-64, which was most significant than other age transitions.

In terms of a life-span development, middle age is divided
into the early-middle-aged group, defined as those between
the ages of 40 and 50, and the late-middle-aged group, de-
fined as those between the ages of 50 and 60.¥ Late middle
age is a critical time in terms of health because health prob-
lems connected to the cumulative consequences of un-
healthy behaviors frequently emerge at this age.” Obesity,
diabetes, alcoholism, dyslipidemia, hypertension, heart dis-
ease, and a variety of other causes and factors to mortality
are becoming increasingly prevalent.'” In particular, the
prevalence of obesity increases rapidly from the age of 50
and the prevalence of obesity is highest in the 50 to 65 age
group across all age groups.

Regarding hypertension in late middle age, Walker et al.””
found that hypertension sustained from midlife to late life
was associated with increased risk of subsequent dementia.
Another meta-analysis of 12 studies by Hughes et al,,"” in
which the average age of participants was 69+5.4, reported
that lowering blood pressure with antihypertensive medi-
cations was significantly related to a lower risk of incident
cognitive impairment or dementia. In addition, Wang et al."”
found that increased risks of all-cause mortality and car-
diovascular diseases in patient who had new-onset hyper-
tension in late middle age were still high compared to pa-
tient who had hypertension before late middle age. Thus,

early recognition, control, and prevention of new onset hy-

pertension in late middle age is needed to avoid dementia
and cardiovascular complications of hypertension.'”

In a cohort study conducted in China, the incidence of
hypertension was significantly increased in all age groups in-
cluding late middle age if the body weight at follow-up was
obese regardless of whether the body weight at baseline was
normal or obese.'” However, there is no study that ana-
lyzed the effect of weight change on hypertension in
late-middle-aged Koreans. Therefore, this nationwide cohort
study aimed to investigate the risk of new-onset hyper-
tension based on changes of BMI in late middle age in South

Korea.

METHODS
1. Study design and population

We used the National Health Insurance Service-Health
Screening Cohort (NHIS-HEALS) in this retrospective co-
hort analysis. In South Korea, NHIS is a single government
insurer that covers 97 percent of the South Korean pop-
ulation, and the medical aid program serves the remaining
3% of the lowest-income people. NHIS database includes
qualification data such as age, sex, region, and income, as
well as claim data including diagnosis code based on the
International Classification of Disease, 10th revision (ICD-10)
and treatment history. In addition, all insured individuals
have biennial National Health Screening Program (NHSP)
(National Health Insurance Service, Wonju, Korea), consists
of anthropometric measurements, laboratory testing, and a
self-reported questionnaire about health behavior such as
smoking, drinking, and exercise.

The present study initially included 514,866 subjects,
which were included in the NHIS-HEALS cohort. We de-
fined the observation start date as the date of first examina-
tion after 50. To measure BMI changes, we collected those
who had two consecutive health examination records before
and after 50. Therefore, 304,312 subjects who didn’t have
two consecutive health examination were excluded among
them. Those who had previous hypertension before the ob-
servation start date (n=89,333) were also excluded. Since
smoking habit and physical activity information were
self-administered, those who did not respond to any of
these questions were also excluded from the study pop-

ulation (n=49,873) as a result, 64,136 individuals were in-
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cluded as study cohort (Figure 1).
2. Definition of outcome

The primary endpoint is newly diagnosed hypertension
based on operational definition from the observation start
date (Figure 2). We used blood pressure records of each

health examination as well as diagnosis and medication re-

National Health Insurance System database
2002-2015

n = 514,866

cords to find new incidence of hypertension during ob-
servation period. The definition of hypertension was adopt-
ed from a previous study: systolic blood pressure >140 or
diastolic blood pressure >90 at each health examination, as
well as at least one claim/year for antithypertensive medication
under ICD-10 code of 110-113 and I15."” Antihypertensive
medication included thiazide, loop diuretics, beta-blocker,

calcium-channel blockers, angiotensin coverting enzyme in-

Those who did not have consecutive health
examinations around 50

Eligible population

n = 203,342

v

n = 304,312

Wash-out of previous hypertension
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Figure 1. Study participants.
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n =49,873
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Observation of incidence of hypertension (3.4 + 1.9 years)
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(last examination before 50)

2nd health examination
(first examination after 50)

December 2015

Figure 2. Schematics diagram of observation period. BMI, body mass index.
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hibitors, and angiotensin receptor blocker. Blood pressure
was examined on the right arm of participants by trained
nurses using a standard mercury sphygmomanometer with
appropriate-sized cuffs after sitting at least 5 minutes. At
least, two measurements were collected and the mean of the
two measurements was calculated. BMI was defined as
weight in kilograms divided by square of height in meters.
BMI >25 kg/m’ is considered as obese, and BMI <25 kg/m’
is considered as normal according to the criteria of obesity
in Asia pacific region."” Study participants were categorized
into four groups by the change of BMI between two con-
secutive health examinations before and after 50: 1) normal
to normal, 2) normal to obese, 3) obese to normal, and 4)
obese to obese. The study cohort were followed up from
the observation start date to the earliest date of hyper-
tension diagnosis, or the end of follow-up (December 31,
2015), whichever came first. To explore the association of
the change of BMI around age of 60 and the incidence of
hypertension after 60, the same analysis is conducted for
those who have no hypertension before 60 using two con-

secutive health examination records before and after 60.
3. Covariates

Sex, age, BMI, blood pressure, fasting blood glucose, fam-
ilial history of hypertension, proteinuria measured as >1+ in
urine dip stick test, smoking, and exercise habit were in-
cluded as covariates. Smoking habits were classified into the
categories of “none,” “light”, “moderate”, or “heavy” smoking,
For current smokers, quantitative frequencies of smoking
were also calculated to determine an average daily smoking
frequency. Amount of smoking was categorized into three
groups based on the frequency of smoking at the time of
the first examination after 50: 1) light (<10 cigarettes/day),
2) moderate (10-19 cigarettes/day), and 3) heavy (>20 ciga-
rettes/day) smokers. Regular exercise was defined as moder-
ate level physical activity for >30 min/day and >5 days dur-
ing the past week.

4. Statistical analysis

Incidence rates were estimated as the numbers of new-on-
set hypertension measured as 1,000 person-years. Cox pro-
portional hazard regression analysis was conducted to eval-

uate the relationship between the change of BMI and the

risk of hypertension. Hazard ratio (HR) and 95% CI were
analyzed. Three different models were fitted: unadjusted
model, adjusted model for sex and age, and fully adjusted
model for all covariates. All statistical analyses were con-
ducted using R software (version 4.1; R foundorlion) and
SAS software (version 9.4; SAS Institute Inc., Cary, NC,
USA).

5. Patient and public involvement

Patients or the public were not involved in the design, or

conduct, or reporting, or dissemination plans of our research.

RESULTS

During the follow-up period (mean, 3.4+1.9 years), 8,676
individuals were diagnosed with new-onset hypertension.
The mean age at baseline was 47.6x1.7 years. Hypertension
patients had higher baseline BMI (24.1+2.9 vs. 23.1+2.6
kg/m’), higher baseline blood pressure (systolic blood pres-
sure, 120.3+10.2 vs. 113.9+11.1 mmHg and diastolic blood
pressure 75.9+7.2 vs. 71.5£8.0 mmHg), had higher pro-
portion of family history of hypertension (9.9% vs. 6.8%)
and proteinuria (1.8% vs. 1.3%). Additionally, compared to
non-hypertension group, there were more patients who re-
ported being current smokers (24.4% vs. 21.0%) and less
patients who exercised with light degree or more (75.0% vs.
77.4%) in hypertension group (Table 1).

According to change of body mass index, more males
were included in obese to normal and obese to obese group.
Baseline blood pressure was higher in obese-to-obese group
and normal-to-obese group compared to normal-to-normal

group (Table 2).
1. Risk of new-onset hypertension by changes in BMI

Compared to normal-to-normal group, normal-to-obese
group, obese-to-normal, and obese-to-obese group had an
increased risk of hypertension (HR, 1.19; 95% CI, 1.09-1.29;
HR, 1.10; 95% CI, 1.00-1.22; and HR, 1.19; 95% CI,
1.11-1.29 in the fully adjusted model) in two consecutive ex-
aminations before and after 50 (Table 3).

No association was found between the change of BMI
and the risk of hypertension in the analysis of two consec-
utive examinations before and after 60 (Supplementary Table 1).
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Table 1. Baseline of study participants

Total (n=64,136) Non-hypertension (n=55,460) Hypertension (n=8,676) r

Sex (male) 37.2 36.2 43.4 <0.01
Age,y 47.6x1.7 47.6x1.7 47.4+1.8 <0.01
BMI, kg/rn2 23.3+£2.7 23.1+£2.6 24.1£2.9 <0.01
SBP 114.8+11.2 113.9+11.1 120.3+10.2 <0.01
DBP 72.1+8.0 71.5+8.0 75.9+7.2 <0.01
Family history of hypertension 7.2 6.8 9.9 <0.01
Urine dipstick >1+ 1.3 1.3 1.8 <0.01
Current smoking <0.01

None 80.1 80.8 75.6

Light 3.1 3.0 3.9

Moderate 9.8 9.5 12.3

Heavy 6.9 6.7 8.2
Exercise 0.02

None 22.7 22.6 25.0

Low 40.2 40.4 38.1

Middle 35.2 35.3 34.2

High 1.8 17 2.7

Values are presented as meanzstandard deviation for numerical variables and number (%) for categorical variables.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.
*Chi-squared test or Fisher exact test for categorical variables, as appropriate.

Table 2. Baseline characteristics of study participants according to change of body mass index

Normal to normal Normal to obese Obese to normal Obese to obese

(n=44,456) (n=4,244) (n=3,289) (n=12,147) 7

Sex (male) 344 35.8 47.1 454 <0.01
Age,y 47.7+£1.7 47.3+1.9 47.4+1.9 47.5+1.8 <0.01
BMI, kg/m2 21.9+1.7 24.0+1.0 25.9+1.3 27.1+1.8 <0.01
SBP 113.7+11.2 115.1£11.0 117.5+£10.9 117.9+40.6 <0.01
DBP 71.4£8.1 72.4+7.9 73.8+7.9 74.1+7.6 <0.01
FHx of hypertension (yes) 7.0 8.3 7.2 7.7 <0.01
Urine Dipstick >1+ (yes) 1.3 1.2 1.3 1.6 0.03
Current smoking <0.01

None 81.3 80.5 74.8 77.0

Light 3.0 3.1 3.3 34

Moderate 9.4 9.9 12.1 10.9

Heavy 6.3 6.5 9.8 8.7
Exercise 0.36

None 224 23.7 255 233

Low 40.6 37.7 38.3 39.7

Middle 35.1 36.7 341 35.5

High 1.9 1.9 2.1 1.5

Values are presented as meanzstandard deviation for numerical variables and number (%) for categorical variables.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FHx, family history; SBP, systolic blood pressure .
*Chi-squared test or Fisher exact test for categorical variables, as appropriate.
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Table 3. Difference in the incidence of hypertension according to changes of body mass index between consecutive health

examinations before and after 50

. Model 1* Model 2° Model 3*
Group Number Event Duration IR
HR (95% CI) P HR (95% CI) P HR (95% CI) P
Normal to normal 44,456 4,821 153,792.9 31.3 1 (ref.) 1 (ref.) 1 (ref.)

Normal to obese 4,244 780
Obese to normal 3,289 468
Obese to obese 12,147 2,607

13,221.2 59.0 1.78(1.65-1.92) <0.01
11,231.8 41.7 1.25(1.14-1.38) <0.01
39,1443 66.6 2.02(1.92-2.11) <0.01

1.78 (1.65-1.92)  <0.01
1.25 (1.14-1.38)  <0.01
2.02(1.92-2.11) <0.01

1.19 (1.09-1.29)  <0.01
1.10 (1.00-1.22)  0.04
1.19 (1.11-1.29)  <0.01

Abbreviations: CI, confidence interval; HR, hazard ratio; IR, incidence rate; ref., reference.
*Model 1: unadjusted; model 2: adjusted for age and sex; model 3: adjusted for age, sex, body mass index, fasting blood glucose, presence of pro-
teinuria (urine dipstick >1+), family history of hypertension, systolic blood pressure, diastolic blood pressure, smoking history, and exercise

history.

2. Association between covariates and the risk of
new-onset hypertension

In the multivariate cox regression analysis for the fully
adjusted model, baseline age (adjusted HR [aHR], 1.03; 95%
CI, 1.01-1.04), BMI (aHR, 1.02; 95% CI, 1.01-1.03), systolic
blood pressure (aHR, 1.04; 95% CI, 1.04-1.04), diastolic
blood pressure (aHR, 1.10; 95% CI, 1.09-1.10), and family
history of hypertension (aHR, 1.12; 95% CI, 1.05-1.19)
were associated with increased risk of hypertension. On the
contrary, regular exercise was associated with decreased risk
of new-onset hypertension (aHR, 092; 95% CI, 0.88-0.97)
(Supplementary Table 2).

DISCUSSION

This nationwide population-based cohort research ana-
lyzed the risks for new-onset hypertension in late middle
age according to changes of BMIL Both normal-to-obese
group and obese-to-obese group had 19% higher risk for
hypertension, and obese-to normal group had 10% higher
risk for hypertension, compared to normal-to-normal group.
Same analysis was conducted for BMI change before and af-
ter 60 and there was no association between BMI change
and the risk of hypertension in the period. To our knowl-
edge, this is the first research that revealed that the changes
of BMI affect the risk of hypertension differently during
and after late middle age.

The increased risk of hypertension in normal-to-obese
group in our study was consistent with results from pre-
vious studies. Shihab et al.” found that men who were nor-
mal weight at age 25 but became overweight or obese by

age 45 faced an increased risk of hypertension compared to

men who remained normal weight at both ages (HR, 1.57;
95% CI, 1.20-2.07). Men who were overweight or obese at
the age of 25 but returned to a normal weight by the age
of 45 did not face an increased risk of hypertension (HR,
0.91; 95% CI, 0.43-1.92).” This is similar to our study re-
sults that BMI gain affected increased risk of hypertension.
On the contrary, obese participants before late middle age
had still higher risk of hypertension even though they lose
weight, which is the first that reported becoming obese or
sustained obese are both risk factors for new onset com-
pared to those who maintained normal BMI. In addition,
Li et al."” reported that overweight at the age of 50-59 in-
creased the risk of hypertension with HR 1.27 (95% CI,
1.09-1.49), but there was no association between onset of
overweight at >60 years of age and the risk of hypertension.
Our research also revealed that BMI reduction around age
of 60 was not effective for preventing hypertension. This re-
sults may be because obesity is a major cause of hyper-
tension until age 60, but after age 60, other causes, rather
than obesity, are the main cause of hypertension.

It is well known that increased adiposity, whether meas-
ured by a higher BMI, increased weight, or a larger waist
circumference (WC), is strongly associated with elevated
blood pressure and hypertension development.®” In the
previous study by Shihab et al,” loss of weight between
young adulthood and middle age posed no additional risk
for the incidence of hypertension. However, becoming nor-
mal is insufficient to reverse the development of hyper-
tension if they were already obese before late middle age in
our study. This means maintaining normal weight may be
more effective for the prevention of hypertension in early
middle age than in late middle age, or prevention of hyper-

tension may require more weight reduction than being
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slightly out of the obesity range as in our study.

In regard to association between physical activity and the
risk of hypertension, our study found that regular exercise
at moderate level or more reduce the risk of hypertension
at 8% in late middle age. According to a review article by
Diaz and Shimbo,™ the available evidence strongly suggests
that physical activity plays a role in hypertension pre-
vention, however, the optimal prescription for the pre-
vention of hypertension still remains uncertain. In another
study of 3,148 participants whose mean age was 42.3, Lee
et al.”” reported that those who maintained or improved
their fitness level had a 26% and 28% lower risk of incident
hypertension, respectively, compared to those who de-
creased their fitness level. Our result indicate that physical
activity is still helpful to decrease new onset of hypertension
in late middle age, even though it is not as much as in early
middle age.

There are several limitations in this study. First, we ana-
lyzed those who participated in national health examina-
tions; this indicates that the study population was generally
healthier. Second, self-reported smoking habits and physical
activity may be underestimated, resulting in a weaker
relationship. Third, WC was not included as covariates be-
cause there were so many missing values. WC is associated
with body fat ratio; thus, future study is needed to measure
the relationship between increased WC and the risk of hy-
pertension in the late middle age.

In conclusion, we confirmed becoming obese and main-
taining obese increase the risk of hypertension in late middle
age. Thus, clinicians need to assess obese patients regularly
for the possibility of new onset hypertension and take pre-
ventive measure to reduce the risk by becoming normal
weights before late middle age and maintaining normal

weights during late middle age.
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Supplementary Table 1. Difference in the incidence of hypertension according to changes of body mass index between
consecutive health examinations before and after 60

) Model 1* Model 2° Model 3*
Group Number Event Duration IR
HR (95% CI) P HR (95% CI) P HR (95% CI) P
Normal to normal 23,366 2,982 69,969.5 42.62 1 (ref.) 1 (ref.) 1 (ref.)
Normal to obese 2,011 382 5,751.0 66.42 1.54(1.38-1.71) <0.01 1.52 (1.37-1.69) <0.01 1.00 (0.88-1.12)  0.95
Obese to normal 1,892 329 5,885.8 54.87 1.32(1.18-1.48) <0.01 1.28 (1.14-1.44) <0.01 1.03 (0.91-1.15)  0.66
Obese to obese 8,285 1,805 23,9924 75.23 1.76(1.66-1.86) <0.01 1.75 (1.65-1.85)  <0.01 1.08 (0.98-1.19) 0.12

Abbreviations: CI, confidence interval; HR, hazard ratio; IR, incidence rate; ref., reference.

*Model 1: unadjusted; model 2: adjusted for age and sex; model 3: adjusted for age, sex, body mass index, fasting blood glucose, presence of pro-
teinuria (urine dipstick >1+), family history of hypertension, systolic blood pressure, diastolic blood pressure, smoking history, and exercise
history.
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Supplementary Table 2. Multivariate cox regression analysis for the risk of hypertension

Variable Model 1 Model 2 Model 3
HR (95% CI) P HR (95% CI) P HR (95% CI) P
BMI group

Normal-to-normal 1 (ref.) 1 (ref.) 1 (ref.)

Normal-to-obese 1.83 (1.69-1.97) <0.01 1.78 (1.65-1.92) <0.01 1.19 (1.09-1.29) <0.01

Obese-to-normal 132(1.20-1.46)  <0.01 1.25(1.14-138)  <0.01 1.10 (1.00-1.22) 0.04

Obese-to-obese 2.09(1.99-2.19)  <0.01 2.01(1.92-211)  <0.01 119 (1.11-129)  <0.01
Sex

Female 1 (ref.) 1 (ref.)

Male 127 (1.22-133)  <0.01 1.03 (0.98-1.09) 0.23
Age 113 (1.11-1.15)  <0.01 1.03 (1.01-1.04)  <0.01
BMI 1.02 (1.01-1.03)  <0.01
SBP 1.04 (1.04-1.04)  <0.01
DBP 110 (1.09-1.10)  <0.01
Proteinuria 1.30(1.14-1.47) <0.01
FHx of hypertension

No 1 (ref.)

Yes 112(1.05-1.19)  <0.01
Smoking

No 1 (ref.)

Yes 1.02 (0.96-1.08) 0.61
Regular exercise

No 1 (ref.)

Yes 0.92 (0.88-0.97)  <0.01

Model 1: unadjusted; model 2: adjusted for age and sex; model 3: adjusted for age, sex, BMI, SBP, DBP, fasting blood glucose, proteinuria, FHx
of hypertension, smoking habit, and regular exercise.

Proteinuria was defined as urine dipstick >1+; regular exercise was defined as weekly physical activity >600 metabolic equivalent of task.
Abbreviations: BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; FHx, family history; HR, hazard ratio; ref., ref-
erence; SBP, systolic blood pressure.



