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Original Article

Objectives: This study investigated the effects of comorbid sleep disorders (SD) on the incidence of cardiovascular complications 

among newly-diagnosed hypertension (HTN) patients.

Methods: As study population, 124 057 newly-diagnosed essential HTN patients aged 30 or older, without cardiovascular complica-

tions at diagnosis with HTN, were selected from the National Health Insurance Service-National Sample Cohort. The incidence of car-

diovascular complications was calculated, Cox proportional-hazards regression model was used to analyze the risk of complications, 

and the population attributable fraction (PAF) for cardiovascular complications of having comorbid SD at HTN diagnosis was calculated.

Results: Over 10 years, 32 275 patients (26.0%) developed cardiovascular complications. In HTN patients with comorbid SD at diagno-

sis of HTN, the incidence of cardiovascular complications (78.3/1000 person-years; 95% confidence interval [CI], 75.8 to 80.9) was 

higher than in those without comorbid SD (58.6/1000 person-years; 95% CI, 57.9 to 59.3) and the risk of cardiovascular complications 

was 1.21 times higher (95% CI, 1.17 to 1.25), adjusting for age, gender, income, area of residence, and comorbid diabetes mellitus. The 

PAF of having comorbid SD at diagnosis of HTN for the incidence of cardiovascular complications was 2.07% (95% CI, 1.69 to 2.44).

Conclusions: Newly-diagnosed essential HTN patients aged 30 or older who had comorbid SD at the time of their HTN diagnosis had 

a higher incidence of cardiovascular complications than those without comorbid SD. Age, gender, income, area of residence, and co-

morbid diabetes mellitus had a significant effect on the incidence of cardiovascular complications. Approximately 2% of cardiovascu-

lar complications were found to occur due to the presence of SD.
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INTRODUCTION

The number of Korean adults with hypertension (HTN) is es-
timated to exceed 11 million, which account for 29% of Korean 
adult population aged 30 or older [1]. The World Health Orga-
nization (WHO) has identified raised blood pressure as the 
leading risk factor for coronary artery disease (CAD), ischemic 
stroke, and hemorrhagic stroke [2], and inadequately treated 
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HTN as a major risk factor for cardiac disorders and cerebrovas-
cular diseases [3]. As cardiac disorders and cerebrovascular dis-
eases have been the second and third largest causes of death in 
Korea during 2007-2017 [4], active management and preven-
tion are needed, and HTN, as a causal factor underlying those 
conditions, also needs appropriate management and preven-
tion.  

Sleep is an important factor that affects the incidence of car-
diovascular diseases (CVD) and HTN. Previous studies on the 
association between sleep duration and HTN and CVD showed 
that insufficient sleep increased the incidence and mortality of 
CAD and stroke, at the same time that excessive sleep was a 
risk factor for the incidence and mortality of CVD, as well as 
CAD and stroke [5]. In other previous studies, insomnia was 
found to raise the incidence of heart failure [6] while adequate 
sleep duration reduced the incidence of obesity, diabetes, 
HTN, and CVD including stroke [7]. And studies on sleep disor-
ders (SD) such as obstructive sleep apnea [8] and insomnia [9] 
were found to increase the incidence of CVD and mortality 
from those conditions, suggesting that inadequate sleep dura-
tion and SD affect the incidence of CVD.

SD, which are defined as a physical and/or psychological na-
ture that cause a sleep disturbance or problem [10], are classi-
fied into 7 groups: insomnia, sleep-related breathing disor-
ders, central disorders of hypersomnolence, circadian rhythm 
sleep-wake disorders, parasomnias, sleep-related movement 
disorders, and other SD [11]. The International Classification of 
Diseases, 10th revision (ICD-10) and the Korean Standard Clas-
sification of Diseases (KCD) use “G47” and “F51” as the code for 
SD. In Korea, the number of patients treated for SD has steadily 
increased, with the number of patients who were treated with 
the code for SD (G47) reaching 515 326 in 2017 [12]. A cross-
sectional study on Korean employees estimated the preva-
lence of poor quality sleep at 34.2% [13].

Despite the associations between SD, HTN, and CVD, there 
are limited data from Korea on the risk of cardiovascular com-
plications in HTN patients with comorbid SD. This study inves-
tigated the effects of comorbid SD in newly-diagnosed HTN 
patients on the incidence of cardiovascular complications 
through the National Health Insurance Service-National Sam-
ple Cohort (NHIS-NSC), with the goal of identifying additional 
management measures to prevent cardiovascular complica-
tions in HTN patients.

METHODS

Data and Study Population
This study used the NHIS-NSC collected between 2002 and 

2013. The cohort was established by the National Health In-
surance Service to provide public health researchers and poli-
cy-makers with representative, useful information regarding 
Korean citizens’ utilization of health insurance and health ex-
aminations. The NHIS-NSC contains data on a randomly extract-
ed sample of 2.2% of the Korean population of 46 605 433 in 
2002 [14].

To analyze diseases, KCD codes were used, with the inclusion 
of all relevant subcodes. Patients who were diagnosed for HTN 
(KCD codes: I10, I11, I12, I13, and I15), cardiovascular compli-
cations of HTN (hereinafter, referred to as “cardiovascular com-
plications,” KCD codes: I20, I21, I46, I48, I50, I60, I61, I62, I63, 
and G45), or diseases that could be the cause of cardiovascular 
complications (KCD codes: N17, N18, N19, I64, I65, I66, I67, I68, 
and I69) during the 2-year washout period (2002-2003) were 
excluded from this study. Patients who died during the same 
period were also excluded from this study. During the next 10 
years (2004-2013), patients aged 30 or older who were newly-
diagnosed with essential HTN (KCD codes: I10, I11, I12, and 
I13) were selected, and then patients who had been diagnosed 
with a condition corresponding to cardiovascular complications 
before the diagnosis of HTN were excluded. Finally, 124 057 
newly-diagnosed essential HTN patients aged 30 or older, who 
had no cardiovascular complications at the time of diagnosis 
of HTN, were selected as the study population (Figure 1). 

Variables
Outcome variable

The outcome variable used in this study was the diagnosis 
of cardiovascular complications (KCD codes: I20, I21, I46, I48, 
I50, I60, I61, I62, I63, and G45) after being diagnosed with HTN. 
These codes correspond to angina pectoris (I20), acute myo-
cardial infarction (I21), cardiac arrest (I46), atrial fibrillation and 
flutter (I48) [15-18], heart failure (I50), subarachnoid hemor-
rhage (I60), cerebral hemorrhage (I61), other non-traumatic 
intracranial hemorrhage (I62), cerebral infarction (I63), and 
transient cerebral ischemia and related syndrome (G45).

Primary variable of interest
The major independent variable of this study was the pres-

ence or absence of SD (KCD codes: F51 and G47) at the time of 
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the HTN diagnosis. As there were no clear grounds for catego-
rizing SD as organic or functional [19], patients were considered 
as diagnosed for SD in this study if they were diagnosed for ei-
ther non-organic SD (F51) or SD (G47). The disease codes for SD 
in the study included the following: non-organic insomnia 
(F51.0), non-organic hypersomnia (F51.1), non-organic disor-
der of the sleep-wake schedule (F51.2), sleepwalking [som-
nambulism] (F51.3), sleep terrors [night terrors] (F51.4), night-
mare (F51.5), other non-organic SD (F51.8), non-organic SD, 
unspecified (F51.9), Disorders of initiating and maintaining 
sleep [insomnias] (G47.0), disorders of excessive somnolence 
[hypersomnias] (G47.1), disorders of the sleep-wake schedule 
(G47.2), sleep apnea (G47.3), narcolepsy and cataplexy (G47.4), 
other SD (G47.8), and SD, unspecified (G47.9). Patients who were 
diagnosed with SD and HTN at the same time were classified 
as having comorbid SD at diagnosis of HTN.

Covariates
This study adjusted for the following individual variables and 

antecedents of patients at diagnosis of HTN: age, gender, in-
come, area of residence, and comorbid diabetes (KCD codes: 
E10, E11, E12, E13, and E14). The adjustment for comorbid dia-

betes at the diagnosis of HTN was done as diabetes is one of 
the major contributing factors for CVD [20,21] and is a common 
comorbidity of HTN [22]. Patients who were diagnosed with 
diabetes and HTN at the same time were classified as having 
comorbid diabetes at diagnosis of HTN. Income levels were di-
vided into low-income (Medical Aid beneficiaries and quantiles 
1-4), middle-income (quantiles 5-8), and high-income (quan-
tiles 9-10). Area of residence was divided into large cities (gu-
level units of capital of Korea and metropolitan cities), small 
cities, and rural areas (gun-level unit).

Statistical Analysis
Stata/SE version 14.0 (StataCorp., College Station, TX, USA) 

was used in all statistical analyses with a significance level set 
to p-value<0.05. The incidence of cardiovascular complications 
per 1000 person-years was determined by dividing the number 
of cardiovascular complications cases by the total person-years 
of the study population with censoring of deaths that occurred 
during follow-up. The cumulative incidence of cardiovascular 
complications according to the presence of comorbid SD was 
analyzed through Kaplan-Meier analysis and the significance 
of this relationship was verified through the log-rank test. To 

Washout:
   - �People who died between 2002 and 2003 (n=5229)
   - �People with HTN and cardiovascular complications  

 during 2002-2003 (n=112 050)

Exclude:
   - �Patients with KCD codes of I20, I21, I46, I48, I50, I60, I61, I62,  

 I63, and G45 before the diagnosis of HTN (n=32 623)
   - �Patients who were censored during the same month as the  

 diagnosis of HTN (n=  1144)
      • �Patients who were diagnosed with HTN in the last month of  

 the study (n=916)
      • �Patients with inappropriate registration data (n=54)
      • �Patients who died during the same month as the diagnosis of  

 HTN (n=174)
   - �Patients under age 30 at the diagnosis of HTN  (n=6210)

Figure 1. Flowchart for selection of the study population. KCD, Korean Standard Classification of Diseases; HTN, hypertension. 

National Health Insurance Service-National Sample Cohort 
in 2002 (n=1 025 340)

People without HTN and cardiovascular complications 
at the end of 2003 (n=908 061)

Newly-diagnosed essential HTN  
patients in 2004-2013 (n=164 034)

Study population (n=124 057)
Patients with:
   - �Newly-diagnosed essential HTN in 2004-2013
   - �Age 30 and over at diagnosis of HTN
   - �No pre-existing cardiovascular diseases
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analyze the effect of SD on cardiovascular complications, haz-
ard ratios (HRs) and 95% confidence intervals (CIs) were calcu-
lated using a Cox proportional-hazards model. Three sequen-
tial models were analyzed. In model I, age and gender were 
adjusted. Model II additionally adjusted for income and area of 
residence. In model III, an additional adjustment for the pres-
ence or absence of comorbid diabetes at the diagnosis of HTN 
was performed on the variables that were used in model II. 
The population attributable fraction (PAF) and its 95% CI [23] 
were determined using the Stata command punafcc.

Ethics Statement 
This study was approved by the Institutional Review Board 

of the Soonchunhyang University (201712-SB-057-01).

RESULTS

Out of 124 057 newly-diagnosed essential HTN patients 
aged 30 or older who had no cardiovascular complications 
when diagnosed with HTN, 32 275 (26.0%) developed cardio-
vascular complications over the 10-year follow-up period. The 

Table 1. General characteristics of the study population at the time of the HTN diagnosis and the incidence of cardiovascular 
complications (CVD)

Characteristics Study population 
(n=124 057)

Incident CVD, n (%)
Person-years

CVD incidence per 
1000 person-year 

(95% CI)No (n=91 782) Yes (n=32 275)

Age (y)

   30-39 13 504 11 634 (86.2) 1870 (13.9) 64 479 29.0 (27.7, 30.4)
   40-49 32 180 25 946 (80.6) 6234 (19.4) 148 637 41.9 (40.9, 43.0)
   50-59 35 592 27 086 (76.1) 8506 (23.9) 152 563 55.8 (54.6, 57.0)
   60-69 24 636 16 402 (66.6) 8234 (33.4) 105 470 78.1 (76.4, 79.8)
   70-79 13 409 7918 (59.1) 5491 (41.0) 49 613 110.7 (107.8, 113.6)
   ≥80 4736 2796 (59.0) 1940 (41.0) 14 582 133.0 (127.3, 139.1)
Gender
   Men 64 382 48 339 (75.1) 16 043 (24.9) 274 396 58.5 (57.6, 59.4)
   Women 59 675 43 443 (72.8) 16 232 (27.2) 260 948 62.2 (61.3, 63.2)
Income
   Low 43 653 31 716 (72.7) 11 937 (27.4) 180 315 66.2 (65.0, 67.4)
   Middle 47 180 35 682 (75.6) 11 498 (24.4) 209 034 55.0 (54.0, 56.0)
   High 33 224 24 384 (73.4) 8840 (26.6) 145 995 60.6 (59.3, 61.8)
Area of residence
   Large city 54 186 40 764 (75.2) 13 422 (24.8) 238 925 56.2 (55.2, 57.1)
   Small city 54 309 40 432 (74.5) 13 877 (25.6) 231 833 59.9 (58.9, 60.9)
   Rural 15 562 10 586 (68.0) 4976 (32.0) 64 586 77.0 (74.9, 79.2)
Comorbidity
   SD
      No 110 011 81 352 (74.0) 28 659 (26.1) 489 187 58.6 (57.9, 59.3)
      Yes 14 046 10 430 (74.3) 3616 (25.7) 46 157 78.3 (75.8, 80.9)
         SD (G47)1 6656 5129 (77.1) 1527 (22.9) 21 055 72.5 (69.0, 76.3)
         NSD (F51)2 2712 2185 (80.6) 527 (19.4) 8856 59.5 (54.6, 64.8)
         Both3 4678 3116 (66.6) 1562 (33.4) 16 247 96.1 (91.5, 101.0)
   Diabetes mellitus
      No 92 526 69 218 (74.8) 23 308 (25.2) 413 684 56.3 (55.6, 57.1)
      Yes 31 531 22 564 (71.6) 8967 (28.4) 121 659 73.7 (72.2, 75.3)
Total 124 057 91 782 (74.0) 32 275 (26.0) 535 344 60.3 (59.6, 61.0)

HTN, hypertension; CVD, cardiovascular diseases; CI, confidence interval; SD, sleep disorders; NSD, non-organic sleep disorders; KCD, Korean Standard Classifi-
cation of Diseases. 
1Patients with only the KCD code G47 (SD) or subcodes at the diagnosis of HTN.
2Patients with only the KCD code F51 (NSD) or subcodes at the diagnosis of HTN.
3Patients with both the KCD codes G47 and F51 or subcodes at the diagnosis of HTN.
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general characteristics of the subjects are presented in Table 1.
The total number of person-years of the study population 

was 535 344, and the incidence of cardiovascular complica-
tions of HTN (hereinafter referred to as the “incidence of com-
plications) per 1000 person-years was 60.3 (95% CI, 59.6 to 
61.0) (Table 1). The incidence of complications per 1000 per-
son-years was 29.0 (95% CI, 27.7 to 30.4) for 30- to 39-year-
olds, 41.9 (95% CI, 40.9 to 43.0) for 40- to 49-year-olds, 55.8 
(95% CI, 54.6 to 57.0) for 50- to 59-year-olds, 78.1 (95% CI, 76.4 
to 79.8) for 60- to 69-year-olds, 110.7 (95% CI, 107.8 to 113.6) 
for 70- to 79-year-olds, and 133.0 (95% CI, 127.3 to 139.1) for 
those 80 years of age or older, showing that higher age at the 
diagnosis of HTN was associated with higher incidence of 
complications. Women (62.2/1000 person-years; 95% CI, 61.3 
to 63.2) showed higher incidence of complications than men 
(58.5/1000 person-years; 95% CI, 57.6 to 59.4). Individuals in 
the low-income group showed a higher incidence of compli-
cations (66.2/1000 person-years; 95% CI, 65.0 to 67.4) than 
their counterparts in the high-income and middle-income 
group (60.6/1000 person-years; 95% CI, 59.3 to 61.8 and 55.0/ 
1000 person-years; 95% CI, 54.0 to 56.0, respectively). The inci-
dence of complications was highest in rural areas (77.0/1000 
person-years; 95% CI, 74.9 to 79.2), followed by small cities 
(59.9/1000 person-years; 95% CI, 58.9 to 60.9), and large cities 
showed the lowest rate (56.2/1000 person-years; 95% CI, 55.2 
to 57.1). Patients with comorbid SD at the diagnosis of HTN 
(78.3/1000 person-years; 95% CI, 75.8 to 80.9) showed a high-
er incidence of complications than those without comorbid 
SDs (58.6/1000 person-years; 95% CI, 57.9 to 59.3). Patients 
with comorbid diabetes at the diagnosis of HTN (73.7/1000 
person-years; 95% CI, 72.2 to 75.3) also showed higher inci-

dence of complications than those who did not have comor-
bid diabetes (56.3/1000 person-years; 95% CI, 55.6 to 57.1).

The cumulative incidence of complications according to the 
presence of comorbid SD at the diagnosis of HTN is presented 
in Figure 2 (log-rank test, p<0.001).

When adjusting for age and gender at the diagnosis of HTN, 
HTN patients with comorbid SD had a higher risk of cardiovas-
cular complications (1.23; 95% CI, 1.19 to 1.27) than those 
without comorbid SD (model 1). When income and area of 
residence were additionally corrected, HTN patients with co-
morbid SD continued to have a higher risk of cardiovascular 
complications (1.23; 95% CI, 1.19 to 1.27; model 2). With addi-
tional adjustment for diabetes, HTN patients with comorbid 
SD still had a higher risk of cardiovascular complications (1.21; 
95% CI, 1.17 to 1.25) than their counterparts (Table 2).

The PAF for the incidence of cardiovascular complications of 
having comorbid SD at the diagnosis of HTN was 2.07% (95% 
CI, 1.69 to 2.44). Among other major risk factors in this study, 
PAF was highest for age of 65 or older (17.79%; 95% CI, 17.16 

Table 2. Multivariate Cox proportional-hazards regression 
analysis for the incidence of cardiovascular complications 
among newly-diagnosed essential hypertension patients 
(n=124 057)

Variables Model I Model II Model III

Comorbid sleep  
disorder

1.23 (1.19, 1.27) 1.23 (1.19, 1.27) 1.21 (1.17, 1.25)

Age (y)

   30-39 1.00 (reference) 1.00 (reference) 1.00 (reference)

   40-49 1.45 (1.38, 1.53) 1.44 (1.37, 1.52) 1.43 (1.36, 1.51)

   50-59 1.92 (1.83, 2.02) 1.91 (1.81, 2.01) 1.88 (1.78, 1.97)

   60-69 2.70 (2.56, 2.84) 2.65 (2.52, 2.79) 2.59 (2.47, 2.73)

   70-79 3.81 (3.61, 4.01) 3.69 (3.50, 3.89) 3.61 (3.42, 3.81)

   ≥80 4.56 (4.27, 4.86) 4.38 (4.11, 4.67) 4.33 (4.06, 4.62)

Gender 

   Men 1.09 (1.07, 1.11) 1.09 (1.07, 1.12) 1.08 (1.06, 1.11)

   Women 1.00 (reference) 1.00 (reference) 1.00 (reference)

Income 

   Low - 1.04 (1.01, 1.07) 1.04 (1.01, 1.07)

   Middle - 0.96 (0.93, 0.99) 0.96 (0.93, 0.99)

   High - 1.00 (reference) 1.00 (reference)

Residence area 

   Metropolitan - 1.00 (reference) 1.00 (reference)

   City - 1.05 (1.03, 1.08) 1.05 (1.03, 1.08)

   Rural - 1.16 (1.12, 1.20) 1.17 (1.13, 1.21)

Comorbid diabetes 
mellitus

- - 1.20 (1.17, 1.23)

Values are presented as hazard ratio (95% confidence interval). 
Figure 2. Cumulative incidence of cardiovascular diseases 
(CVD) complications of hypertension.
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to 18.42), followed by comorbid diabetes at the diagnosis of 
HTN, residence in a small city or rural area, and low income, 
with PAFs of 5.31% (95% CI, 4.68 to 5.93), 4.16% (95% CI, 2.92 
to 5.38), and 3.26% (95% CI, 2.45 to 4.05), respectively. Gender 
had lower PAF than SD which accounted for 1.90% (95% CI, 
0.82 to 2.97). The results of this study showed that approxi-
mately 2.07% of cardiovascular complications that occurred in 
patients with newly-diagnosed essential HTN, aged 30 or old-
er, and without cardiovascular complications at the diagnosis 
of HTN were attributable to SD (p<0.001) (Table 3).

DISCUSSION

The results of this study show that patients who had comor-
bid SD at the diagnosis of HTN had a significantly higher risk of 
cardiovascular complications than those without comorbid SD. 
Despite a comprehensive literature search, no studies were 
found that analyzed the impact of comorbid SD on the inci-
dence of cardiovascular complications in HTN patients, as was 
done in this study. Since the codes for SD used in this study in-
cluded various SD, such as insomnia (F51.0, G47.0), hypersom-
nia (F51.1, G47.1), sleep apnea (G47.3), and nightmares (F51.5), 
and cardiovascular complications included various heart and 
CVD, the results of this study are in line with those of previous 
studies reporting that inappropriate sleep hours increased the 
occurrence of CAD or stroke and resultant mortality [5], that 
obstructive sleep apnea [8,24] and insomnia [9] increased car-
diovascular complications and mortality, and that nightmares 
increased the risk of myocardial infarctions occurring during 
sleep [25]. In addition, literature reviews of SD [26-28] has sug-
gested that primary sleep abnormalities such as curtailed 
sleep, shift work, and sleep-disordered breathing might have 
a causal association with atherosclerosis, stroke, heart failure, 
and cardiac arrhythmia [26]. It has also been reported that in-
adequate sleep duration and SD such as obstructive sleep ap-

nea and sleep-related movement disorder might be risk fac-
tors of stroke [27]. SD were also pervasive in stroke patients 
and the patients at risk for stroke [28]. The results of this study 
are compatible to the findings of previous studies.

In this study, the PAF of having comorbid SD at the diagno-
sis of HTN for the incidence of cardiovascular complications 
was 2.07%. This suggests that approximately 1 out of 50 cases 
of cardiovascular complications that occurred in HTN patients 
was caused by SD. Therefore, if comorbid SD are properly treated 
in HTN patients, cardiovascular risk could be decreased. These 
results are compatible with previous studies that suggest the 
treatment of SD may improve further stroke risk [29].

This study has the following limitations. First, as the concor-
dance rate between 3-digit disease codes in Korean National 
Health Insurance claims and actual medical records is 82.0% 
for main diagnoses, and that of 4-digit or 5-digit disease codes 
is known to be lower [30], only using KCD codes for establish-
ing diagnoses poses a risk of misclassification bias. Second, 
the exposure in the study was set as a disease group (SD) rath-
er than specific disease entities. So some specific SD that 
might not have a clear association with cardiovascular compli-
cations may have been included in the disease group. None-
theless, the resultant possibility of the results being distorted 
is unlikely, as these factors would skew the findings toward 
the null hypothesis. Third, since the NHIS-NSC is based on in-
surance claims, control of disease was not part of the scope of 
the database thus adjustment for control of disease was not 
possible.

Despite these limitations, this study has its strengths. First, 
the study conducted population-based research [14] using a 
nationally representative sample, and observed the incidence 
of cardiovascular complications for a long period, up to 10 years, 
after the diagnosis of HTN. Second, this is the first study to an-
alyze the effects of comorbid SD on the incidence of cardio-
vascular complications among newly-diagnosed Korean HTN 

Table 3. PAF of various factors for cardiovascular complications in newly-diagnosed essential hypertension patients

Variables HR (95% CI) PAF (95% CI), % p-value

Comorbid sleep disorder 1.23 (1.18, 1.27) 2.07 (1.69, 2.44) <0.001

Age (age 65 and over) 2.01 (1.96, 2.05) 17.79 (17.16, 18.42) <0.001

Gender (men) 1.04 (1.02, 1.06) 1.90 (0.82, 2.97) 0.001

Income (low income) 1.10 (1.07, 1.12) 3.26 (2.45, 4.05) <0.001

Area of residence (city and rural) 1.08 (1.05, 1.10) 4.16 (2.92, 5.38) <0.001

Comorbid diabetes mellitus 1.24 (1.21, 1.27) 5.31 (4.68, 5.93) <0.001

PAF, population attributable fraction; HR, hazard ratio; CI, confidence interval. 
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patients. Third, the results of this study are based on newly-di-
agnosed, uncomplicated HTN patients at the point of diagno-
sis. In consideration of low medication adherence among Ko-
rean hypertensives [31], particularly in newly-diagnosed HTN 
patients without prior complications [32], the results of this 
study can be used to improve management and treatment of 
HTN and SD, especially for newly-diagnosed patients, to pro-
mote better adherence to treatment, leading to better health 
outcomes.

In this study, HTN patients with comorbid SD at the time of 
their HTN diagnosis had a significantly higher incidence of car-
diovascular complications than their counterparts, even after 
adjusting for age, gender, income, area of residence, and co-
morbid diabetes at the time of the HTN diagnosis. The result 
of study shows that appropriate treatment of SD among HTN 
patients could reduce cardiovascular risk. These results imply 
that the presence of SD should be considered as a risk factor 
for cardiovascular complications among newly-diagnosed HTN 
patients. Comorbid SD in newly-diagnosed HTN patients 
should receive attention in terms of treatment, education, and 
prevention of complications. Furthermore, evaluating SD 
through instruments such as the Pittsburgh Sleep Quality In-
dex, Epworth Sleepiness Scale, and the Berlin questionnaire at 
the diagnosis of HTN and appropriate treatment of SD will be 
helpful for reducing the high burden of cardiovascular compli-
cations that result from HTN. 
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