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Abstract
Coronary artery calcification (CAC), a marker of atherosclerosis, is predictive of incident hypertension based on the 2017
ACC/AHA high blood pressure guidelines. We performed a large cohort study to investigate whether incident hypertension
could be predicted from CAC measurements as a measure of atherosclerosis, even when updated hypertension criteria are
applied. A total of 27,918 male subjects who underwent CAC examination during a health screening program between 2011
and 2017 were enrolled. According to the 2017 ACC/AHA guidelines, hypertension was defined as 130/80 mmHg. Cox
proportional hazard analysis was used to assess the risk of incident hypertension according to CAC categories (CAC= 0,
1–10, 11–100, >100). After exclusion, 14,335 subjects were included (mean age 40.0 [5.7] years). During the follow-up
period (median 3.63 years), 3050 subjects (21.3%) developed hypertension. The subjects in the highest CAC category
showed an increased risk of hypertension compared with the lowest CAC category, as confirmed by multivariate adjusted
hazard ratios of 1.27 (95% confidence interval [CI], 1.01–1.60; P < 0.001). The increased risk of developing hypertension
was consistent after adjustments were made for several confounding factors. The CAC score, a marker of atherosclerosis, is
positively associated with incident hypertension according to the updated 2017 ACC/AHA guidelines.
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Introduction

High blood pressure (BP) is the strongest and most common
modifiable risk factor for cardiovascular events and mor-
tality [1–3]. Thus, the early detection or prediction of
hypertension (HTN) is important from the perspective that
cardiovascular disease is a leading cause of mortality, dis-
ability, and global healthcare costs [4].

Coronary artery calcium (CAC) scoring using computed
tomography (CT) is a useful and reliable marker of coronary
atherosclerosis [5]. CAC scores reflect the long-term effects
of elevated CVD risk factors and are an independent predictor
of future CVD events in individuals spanning a wide range of
ages, including asymptomatic adults [5, 6]. CAC scores have a
direct, continuous relation with total coronary plaque burden
in histology [7], and the severity of coronary artery disease [8].

In a previous study, CAC was found to have a significant
association with incident HTN; the presence and severity of
CAC at baseline were associated with incident HTN in
multivariable models that were adjusted for traditional risk
factors [9, 10].

The American College of Cardiology/American Heart
Association (ACC/AHA) recently released revised
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guidelines for HTN with lower BP thresholds than those in
the previous guidelines (systolic blood pressure [SBP] ≥130
vs. 140 mmHg or diastolic blood pressure [DBP] ≥80 vs.
90 mmHg) [11, 12]. These changes are expected to increase
the prevalence of patients with HTN, especially in higher-
risk populations compared with the general population [13].

No previous studies have demonstrated an association
between subclinical atherosclerotic burden and BP levels in
the new guidelines, especially in a young population.
Therefore, we aimed to determine whether CAC, a marker
of atherosclerosis, is a predictor of incident HTN in a large
sample of apparently healthy young Korean men who par-
ticipate in a regular health checkup program.

Methods

Study population

The Kangbuk Samsung Health Study is a cohort of Korean
adult men and women who underwent annual or biennial
comprehensive health examinations at the two Kangbuk
Samsung Hospital Total Healthcare Centers located in Seoul
and Suwon, South Korea. This study population included
27,918 male subjects who had CAC data and visited at least
twice during 2010–2017. We excluded participants with any
missing data (n= 1297), participants with medication for
HTN, diabetes mellitus, or dyslipidemia at baseline (n=
3515), and participants with BP ≥ 130/80 (n= 12,197). The
final sample included 14,335 participants.

The study was approved by the Kangbuk Samsung Hos-
pital Institutional Review Board, which waived the require-
ment for informed consent, as we only used deidentified data
obtained as part of routine health screening exams.

Data collection

Study participants provided information at each screening
visit on medical history, family history, medication use,
smoking habits, amount of alcohol intake, education level,
and physical activity using a self-administered ques-
tionnaire. Anthropometric measurements, including weight
and height, were taken at each screening visit by trained
medical personnel. Body mass index (BMI) was calculated
as weight (kg) divided by height squared (m2).

Serum triglycerides, low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
and glucose were measured in fasting serum samples at
each screening visit. Diabetes was defined as a self-reported
physician diagnosis, the self-reported use of insulin or other
hypoglycemic agents, or a measured fasting serum glucose
≥126 mg/dl. We measured physical activity levels using the
validated Korean version of the International Physical

Activity Questionnaire Short Form (IPAQ-SF) [14], which
was part of the self-administered questionnaire. The IPAQ-
SF measures the duration and frequency of moderate to
vigorous physical activities, including walking, for more
than ten consecutive minutes in all contexts (i.e., work,
home, and leisure) during a 7-day period [15, 16]. Physical
activity was then categorized into three groups: inactive,
minimally active (≥3 days of vigorous activity for ≥20 min/
day, ≥5 days of moderate intensity activity or walking for
≥30 min/day, or ≥5 days of any combination of walking and
moderate intensity or vigorous intensity activities achieving
≥600 MET-minutes/week), and health-enhancing physically
active (HEPA; ≥3 or more days of vigorous intensity
activity achieving ≥1500 MET-minutes/week, or 7 days of
any combination of walking, moderate intensity, or vigor-
ous intensity activities achieving ≥3000 MET-minutes/
week).

Blood pressure was measured with an automated oscil-
lometric device (53,000, Welch Allyn, New York, USA)
used by trained nurses while participants were in a sitting
position with their arm supported at heart level after a 5 min
rest. We recorded three consecutive BP readings and used
the average of the second and third readings for our ana-
lysis. Hypertension (HTN) was defined by SBP ≥ 130
mmHg, DBP ≥ 80 mmHg, or current use of anti-HTN
medication [17].

Coronary artery calcium score

CAC scores were measured with a LightSpeed VCT XTe-
64 slice MDCT scanner (GE Healthcare, Tokyo, Japan) in
both study centers using the same standardized protocol
with 2.5 mm slice thickness, 400 ms rotation time, 120 kV
tube voltage, and 124 mAS (310 mA × 0.4 s) tube current
under ECG-gated dose modulation [9]. CAC scores were
estimated using the method proposed by Agatston et al.
[18]. The intraclass correlation coefficient for CAC scores
was 0.99 [17].

Statistical analysis

Comparisons of baseline characteristics and cardiovascular
risk factors for the participants according to HTN were
performed using the following analysis method. Categorical
variables were compared using the χ2 test. For continuous
variables, Student’s t tests or Mann–Whitney tests were
used to compare two groups, and analysis of variance
(ANOVA) or Kruskal–Wallis tests were used for compar-
ison of multiple groups as appropriate. Categorical variables
are expressed as the number (%), and continuous variables
are expressed as the mean (standard deviation [SD]) or
median (interquartile range [IQR]), depending on the dis-
tribution of continuous variables.

1294 K.-C. Sung et al.



A Cox proportional hazard analysis model was used to
estimate adjusted hazard ratios (aHRs) and 95% confidence
intervals (CIs) for incident HTN, adjusted for confounding
factors identified from baseline characteristics.

According to CAC categories, we estimated aHRs for
incident HTN by comparing the three highest categories of
CAC to the lowest category (reference group). In our ana-
lyses, we used four models to adjust for confounding fac-
tors: model 1 was adjusted for age, education (college
graduate), health-enhancing physical activity (HEPA), cur-
rent smoking, alcohol consumption (g/day), center, and
year; model 2 was further adjusted for BMI and SBP; and
model 3 was further adjusted for DBP.

We used Kaplan–Meier estimates to evaluate event rates
over time according to CAC score quartiles and used the
log-rank test for analysis. The interaction effect between
variables was also measured. All P values were two-tailed,
and P < 0.05 was considered statistically significant.

Statistical analyses were performed using Stata version 15.0
(Stata Corp. 2017, College Station, TX, USA).

Results

We followed 14,335 nonhypertensive participants over a
median period of 3.65 years (IQR, 2.07–4.81 years;
meam ± SD [range], 3.55 ± 1.60 [0.49–7.59]).

The mean participant age was 39.99 ± 5.69. At the end of
the follow-up period, 3050 (21.28%) participants developed
HTN according to the revised 2017 ACC/AHA guidelines.

Table 1 shows the baseline characteristics of the study
population, including metabolic markers divided into nor-
motensive and incident HTN groups. Participants who
developed HTN were older (40 ± 5.6 vs. 39.9 ± 5.7 years)
and more obese (BMI, 25.1 ± 2.7 vs. 24.2 ± 2.7 kg/m2).
Except for HDL-C levels, all metabolic values were

Table 1 Baseline characteristics
of the cohort stratified by
incident hypertension

Total No incident hypertension
(n= 11,285, 78.72%)

Hypertension
(n= 3050, 21.28%)

P value

Age (years) 39.99 ± 5.69 39.85 ± 5.71 40.53 ± 5.59 <0.001

Glucose (mg/dL) 96 ± 12.17 95.69 ± 11.83 97.12 ± 13.28 <0.001

HbA1c 5.62 ± 0.4 5.61 ± 0.39 5.66 ± 0.44 <0.001

Triglyceride (mg/dL)a 118 (85–167) 115 (83–163) 127.5 (92–183) <0.001

HDL-C (mg/dL) 51.97 ± 12.38 52.29 ± 12.35 50.77 ± 12.40 <0.001

LDL-C (mg/dL) 131.93 ± 31.2 131.04 ± 31.18 135.22 ± 31.07 <0.001

Uric acid 6.1 ± 1.18 6.06 ± 1.17 6.27 ± 1.23 <0.001

BMI (kg/m2) 24.36 ± 2.72 24.16 ± 2.68 25.09 ± 2.74 <0.001

SBP (mmHg) 109.57 ± 8.04 108.54 ± 7.96 113.4 ± 7.14 <0.001

DBP (mmHg) 69.87 ± 5.53 69.03 ± 5.5 72.98 ± 4.43 <0.001

Education, n (%) 0.147

≤High school 1480 (10.32) 1161 (10.29) 319 (10.46)

≥College graduate 11,911 (83.09) 9404 (83.33) 2507 (82.2)

Unknown 944 (6.59) 720 (6.38) 224 (7.34)

Smoking status, n (%) 0.001

Never/former 9236 (64.43) 7352 (65.15) 1884 (61.77)

Current smoker 4646 (32.41) 3571 (31.64) 1075 (35.25)

Unknown 453 (3.16) 362 (3.21) 91 (2.98)

Alcohol (g/day),
median (IQR)

10 (4–22) 10 (4–20) 13 (6–29) <0.001

Pysical activity, n (%) <0.001

HEPA 1695 (11.82) 1298 (11.5) 397 (13.02)

Insufficient PA 4556 (31.78) 3644 (32.29) 912 (29.9)

Sedentary PA 5419 (37.80) 4354 (38.58) 1065 (34.92)

Unknown 2665 (18.59) 1989 (17.63) 676 (22.16)

CAC, n (%) <0.001

0 12,258 (85.51) 9833 (87.13) 2425 (79.51)

1–10 884 (6.17) 648 (5.74) 236 (7.74)

11–100 968 (6.75) 664 (5.88) 304 (9.97)

>100 225 (1.57) 140 (1.24) 85 (2.79)

CAC coronary artery calcification, BMI body mass index, DBP diastolic blood pressure, HbA1c glycosylated
hemoglobin, HDL-C high-density lipoprotein cholesterol, HEPA health-enhancing physical activity, IQR
interquartile range, LDL-C low-density lipoprotein cholesterol, PA physical activity, SBP systolic blood
pressure
aMedian (interquartile)
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significantly higher in the HTN group than in the normo-
tensive group. Table 2 shows the baseline characteristics
according to CAC categories. In general, the mean values of
SBP and DBP were highest among patients in the top CAC
categories. This trend generally held true for other meta-
bolic measurements in the top CAC categories as well.

The risk of incident HTN increased progressively across
CAC categories (Table 3). In the fully adjusted multivariate
models, including adjustments for age, medical center, year
of screening examination, smoking status, alcohol intake,
exercise, educational level, BMI, SBP, and DBP, the aHR
(95% CI) for incident HTN comparing the highest with the
lowest (reference group) CAC categories was 1.27
(1.01–1.60). Table 4 shows the risk of incident HTN
according to the absence or presence of CAC. The risk of
incident HTN increased [aHR 1.3 (1.03–1.24)], and the
results did not differ by physical activity. The
Kaplan–Meier curves for the risk of incident HTN accord-
ing to CAC categories are shown in Fig. 1. The rate was
higher for groups with higher CAC categories and the
presence of CAC (P < 0.001), which did not differ by
physical activity (Fig. 1). The 3D bar graph plotted in Fig. 2
shows that the incidence of HTN was increased by

increasing CAC as a category and by baseline SBP. The
combination of the highest quartile of CAC and baseline
SBP predicted an incidence of HTN 7–8 times higher than
that predicted by the lowest combination.

We also analyzed the HR of the incidence of HTN
defined as ≥140/90 mmHg according to CAC category
(Supplementary Table 1) and the presence/absence of CAC
(Supplementary Table 2). The results were similar to the
results for HTN defined as ≥130/80 mmHg after adjust-
ments were made for all atherosclerotic predictors, includ-
ing SBP and DBP, as shown in a previous paper [9].

We also analyzed ROC with a cut-off value. For the cut-
off value of a CAC score of 16, the sensitivity was 55%,
and the specificity was 53.9 with an AUC of 0.5516
(Supplementary Figure).

Discussion

In this study, we showed that CAC, a marker of athero-
sclerosis, is associated with incident HTN, with an aHR of
1.27 between the highest and lowest quartiles and of 1.3
between the presence and absence of CAC in a large

Table 2 Baseline characteristics
of the cohort stratified by
incident CAC category

CAC P value

0 1–10 11–100 >100

Age (years) 39.35 ± 5.34 42.72 ± 5.38 44.09 ± 6.27 46.52 ± 7.78 <0.001

Glucose (mg/dL) 95.6 ± 11.31 97.32 ± 12.88 98.6 ± 17.45 100.86 ± 20.83 <0.001

HbA1c 5.61 ± 0.38 5.66 ± 0.41 5.68 ± 0.54 5.78 ± 0.65 <0.001

Triglyceride (mg/dL)a 116 (84–164) 129.5 (93–185.5) 126 (91–179) 127 (90–178) <0.001

HDL-C (mg/dL) 52.17 ± 12.36 50.51 ± 12.31 51.02 ± 12.19 51.09 ± 13.6 <0.001

LDL-C (mg/dL) 130.32 ± 30.91 142.06 ± 30.8 140.91 ± 31.49 141 ± 32.34 <0.001

Uric acid 6.1 ± 1.18 6.16 ± 1.23 6.11 ± 1.17 6.13 ± 1.36 0.467

BMI (kg/m2) 24.31 ± 2.72 24.67 ± 2.61 24.59 ± 2.76 24.83 ± 2.78 <0.001

SBP (mmHg) 109.53 ± 8.05 109.4 ± 8.03 110.03 ± 7.95 110.71 ± 8.05 0.039

DBP (mmHg) 69.71 ± 5.54 70.67 ± 5.29 70.78 ± 5.46 71.44 ± 5.14 <0.001

Education, n (%) 0.003

≤High school 1237 (10.09) 95 (10.75) 110 (11.36) 38 (16.89)

≥College graduate 10,191 (83.14) 740 (83.71) 811 (83.78) 169 (75.11)

Unknown 830 (6.77) 49 (5.54) 47 (4.86) 18 (8)

Smoking status, n (%) <0.001

Never/former 8014 (65.38) 527 (59.62) 566 (58.47) 129 (57.33)

Current smoker 3860 (31.49) 318 (35.97) 378 (39.05) 90 (40)

Unknown 384 (3.13) 39 (4.41) 24 (2.48) 6 (2.67)

Alcohol (g/day), median (IQR) 10 (4–21) 10 (4–23) 11 (4–29) 11 (4–32) <0.001

Pysical activity, n (%) <0.001

HEPA 1406 (11.47) 106 (11.99) 141 (14.57) 42 (18.67)

Insufficient PA 3866 (31.54) 288 (32.58) 327 (33.78) 75 (33.33)

Sedentary PA 4648 (37.92) 352 (39.82) 343 (35.43) 76 (33.78)

Unknown 2338 (19.07) 138 (15.61) 157 (16.22) 32 (14.22)

CAC coronary artery calcification, BMI body mass index, DBP diastolic blood pressure, HbA1c glycosylated
hemoglobin, HDL-C high-density lipoprotein cholesterol, HEPA health-enhancing physical activity, IQR
interquartile range, LDL-C low-density lipoprotein cholesterol, PA physical activity, SBP systolic blood
pressure
aMedian (interquartile)
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asymptomatic middle-aged Asian population. These asso-
ciations were consistent with the definition of HTN
according to ACC/AHA guidelines (BP ≥ 130/80 mmHg)
and ESC/EHS or JSH guidelines (BP ≥ 140/90 mmHg) after
adjustments were made for all atherosclerotic predictors,
including SBP and DBP, as shown in a previous paper [9].
We suggest that by the time of the diagnosis of HTN,

atherosclerotic change in the blood vessels has already
occurred, and the damage to the blood vessels may affect
the increase in BP, which may eventually meet the criteria
for the diagnosis of HTN.

Calcification can occur in both the intima and media of
the arterial wall. Current consensus holds that coronary
calcification represents primarily intimal calcification,

Table 3 HR of incident hypertension according to CACs category

CACs category Frequency Age adjusted HR Model 1 Model 2 Model 3

TOTAL

0 12,258 (85.51) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

1–10 884 (6.17) 1.43 (1.25–1.64) 1.29 (1.13–1.48) 1.2 (1.04–1.37) 1.13 (0.99–1.30)

11–100 968 (6.75) 1.54 (1.36–1.74) 1.3 (1.15–1.47) 1.13 (0.996–1.28) 1.10 (0.97–1.24)

>100 225 (1.57) 2.06 (1.64–2.58) 1.58 (1.26–1.99) 1.28 (1.02–1.6) 1.27 (1.01–1.60)

P for trend <0.001 <0.001 0.003 0.011

HEPA

0 1406 (82.95) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

1–10 106 (6.25) 1.59 (1.09–2.30) 1.53 (1.04–2.23) 1.20 (0.82–1.77) 1.09 (0.74–1.60)

11–100 141 (8.32) 1.76 (1.29–2.42) 1.48 (1.08–2.03) 1.18 (0.85–1.64) 1.16 (0.84–1.60)

>100 42 (2.48) 2.14 (1.29–3.55) 1.79 (1.08–2.99) 1.27 (0.76–2.15) 1.38 (0.82–2.32)

P for trend <0.001 0.001 0.197 0.174

Non HEPA

0 8514 (85.35) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

1–10 640 (6.42) 1.48 (1.25–1.75) 1.28 (1.08–1.52) 1.18 (0.998–1.4) 1.13 (0.95–1.34)

11–100 670 (6.72) 1.52 (1.30–1.78) 1.27 (1.09–1.49) 1.07 (0.92–1.26) 1.03 (0.88–1.21)

>100 151 (1.51) 2.17 (1.63–2.89) 1.55 (1.16–2.08) 1.22 (0.91–1.63) 1.19 (0.89–1.59)

P for trend <0.001 <0.001 0.077 0.228

P for interaction <0.001 0.003 0.413 0.552

For stratified analysis for HEPA and Non HEPA, we excluded UNKNOWN

BMI body mass index, CAC coronary artery calcification, DBP diastolic blood pressure, HEPA health-enhancing physical activity, HR hazard ratio,
SBP systolic blood pressure

Model 1: Age, education (college graduate), physical activity (HEPA) for total, current smoker, alcohol consumption (g/day), center, year

Model 2: Model 1+ BMI and SBP

Model 3: Model 2+DBP

Table 4 HR of incident
hypertension according to
absence or presence of CAC

CACs category Frequency Age adjusted HR Model 1 Model 2 Model 3

TOTAL

0 12,258 (85.51) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

CAC > 0 2077 (14.49) 1.54 (1.4–1.69) 1.33 (1.21–1.46) 1.17 (1.07–1.29) 1.13 (1.03–1.24)

HEPA

0 1406 (82.95) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

CAC > 0 289 (17.05) 1.75 (1.36–2.24) 1.54 (1.2–1.98) 1.2 (0.92–1.56) 1.16 (0.9–1.51)

Non HEPA

0 8514 (85.35) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

CAC > 0 1461 (14.65) 1.56 (1.39–1.75) 1.30 (1.16–1.46) 1.13 (1.01–1.27) 1.09 (0.96–1.22)

P for interaction <0.001 <0.001 0.116 0.254

For stratified analysis for HEPA and Non HEPA, we excluded UNKNOWN

BMI body mass index, CAC coronary artery calcification, DBP diastolic blood pressure, HEPA health-
enhancing physical activity, HR hazard ratio, SBP systolic blood pressure

Model 1: Age, education (college graduate), physical activity (HEPA), current smoker, alcohol consumption
(g/day), Center, year

Model 2: Model 1+ BMI and SBP

Model 3: Model 2+DBP
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whereas extracoronary calcification may be a combination
of medial and intimal calcification. Vascular calcification,
either intimal or medial, may directly increase arterial
stiffness. Alternatively, arterial stiffness may contribute to
the development of calcification and focal plaque [19].

The mechanism for a relationship between arterial stiff-
ness and intimal calcification is that increased stiffness
increases stress on the arterial wall, which makes it more
prone to atherosclerosis and calcification.

An association between coronary calcification and
arterial stiffness is supported by evidence that arterial

stiffness (PWV) is associated with other measures of
atheroma, such as intravascular ultrasound-detected cor-
onary plaque volume [20]. Sawabe et al. [21] found that
repeat PWV measures were correlated with the overall
atherosclerotic burden at autopsy across eight sites of the
large arteries in 304 Japanese elderly subjects.

Arterial stiffness is by no means synonymous with raised
BP, but it is closely linked to raised BP. Arterial stiffness
has long been known as a consequence of long-standing
HTN. Aortic stiffness is associated with adverse cardio-
vascular outcomes, independent of BP. The Prospective
Studies Collaboration group reported in their renowned
publications that the proportional difference in the risk of
vascular death associated with a given absolute difference in
usual BP is about the same, down to at least 115 mmHg
usual SBP and 75 mmHg usual DBP, below which there is
little evidence. At ages 40–69 years, each difference of
20 mmHg usual SBP (or, as an approximate equivalent,
10 mmHg usual DBP) is associated with more than a two-
fold difference in the stroke death rate and with a twofold
difference in the death rates from IHD and from other
vascular causes [22]. This study suggested that BP below
the level of HTN, even at the level of normal BP, would be
associated with vascular death and vascular damage.

CAC, a marker of atherosclerosis, may also identify
subjects with abnormal BP (who either are below the
threshold for a HTN diagnosis or have yet to receive a
diagnosis) complicated by endothelial dysfunction, aortic
stiffness [23, 24], and/or left ventricular hypertrophy [25],
all of which are associated with a risk of HTN. Furthermore,

Fig. 1 Kaplan–Meier curves for incident hypertension according to CAC categories. CAC coronary artery calcification
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CAC may reflect the cumulative exposure of the vasculature
to BP, including abnormal diurnal BP patterns, and masked
HTN, all of which increase susceptibility to the develop-
ment of HTN but are not well captured using office-based
BP measurements.

Therefore, does HTN cause vascular damage? Is the
damage to blood vessels causing HTN? In other words, it is
pointless to argue the “chicken or the egg” controversy.
Although there may be differences depending on the indi-
vidual, the usual BP may cause damage to the blood ves-
sels, and any pressure may cause vascular damage. In our
study results, the incidence of HTN increased according to
not only CAC categories but also baseline SBP levels of
initially normotensive subjects. The combination of CAC
categories and baseline SBP level synergistically predicted
the incidence of HTN (Fig. 2). The public health clinic
requires a therapeutic approach to HTN according to the
prescribed BP. At the individual level, however, the
approach of pinpointing blood vessel damage and BP is a
way to implement precision medicine.

There are several other potential explanations for the
relationship between incident HTN and markers of athero-
sclerosis, CAC. Subjects with elevated CAC may carry a
higher burden of risk factors associated with incident HTN.
Shared risk factors between CAC and HTN may link both
conditions [26]. However, in this study, even after
accounting for various variables, the association between
CAC and incident HTN persisted. A recent report found
that men with high levels of physical activity had higher
CAC scores than did men with lower levels of physical
activity [27], and it is still unclear whether the higher CAC
scores were associated with high levels of physical activity.
We analyzed the data by accounting for physical activity
status, but there was no significant effect on the results.

Study limitations

This study has several potential limitations. First, our study
included relatively healthy young Asian male subjects, and
our findings may differ for different age and sex groups. In
addition, to generalize these results to other ethnic groups,
further studies are needed. Second, we diagnosed HTN
based on a single-visit BP measurement, which may lead to
misclassification of BP status. However, well-trained nurses
measured BP with a standard method three times and used
the average of the second and third readings for our ana-
lysis, and we believe this procedure could increase relia-
bility. Third, although we adjusted for various confounding
factors (age, education, physical activity, current smoking,
alcohol consumption (g/day), BMI, SBP, and DBP) that
may affect incident HTN, there could be residual con-
founding factors, such as salt intake status, waist cir-
cumference, family history, and baseline arterial stiffness.

Conclusions

We found that CAC, a marker of atherosclerosis, is asso-
ciated with incident HTN in a large asymptomatic middle-
aged population. By the time of the diagnosis of HTN,
atherosclerotic change in the blood vessels has already
occurred, and the damage to the blood vessels may affect
the increase in BP, which may eventually meet the criteria
for the diagnosis of HTN.
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