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To all readers of the Korean Journal of Health Promotion: 
I am Seung-Kwon MYUNG, Editor-in-Chief of the Korean Journal of Health Promotion (KJHP). KJHP 

is an open access, multidisciplinary journal dedicated to publishing high-quality research in various areas 
of the medical, nursing, nutritional, physical educational (kinesiological), epidemiological, and public 
health sciences associated with health promotion and disease prevention. KJHP, which is an official jour-
nal of the Korean Society for Health Promotion and Disease Prevention, has been published continuously 
since 2001. In order to advance and disseminate new knowledge and scientific information in all the areas 
associated with health promotion and disease prevention, KJHP has published academic papers written in 
English and Korean for mainly Korean researchers and readers for the past two decades. 

However, in recent years, it has been strongly suggested among the members of the Korean Society for 
Health Promotion and Disease Prevention that KJHP should be indexed in the Science Citation Index 
Expanded in order to share and disseminate the new knowledge and scientific information related with 
health promotion and disease prevention for international readers as well as Korean readers. Therefore, 
KJHP has decided to reform the publication system. First, KJHP has converted to a journal publishing 
academic papers written in from English and Korean to English only from this issue, 2024. Second, we 
have opened the new English KJHP homepage and online manuscript submission system in January, 
this year. Last, no review (submission) fees are charged for all the submitted articles from now on. Ar-
ticle processing charges are required for publication in the KJHP. Publication fees for all the accepted 
original or review articles are 300,000 Korean Won (250 US dollars). Additionally, if the article exceeds 
6 pages of the journal, additional fees (50,000 Korean Won or 40 US dollars per extra page) will be 
charged. 

On behalf of the editors, I hope that all the readers and researchers submit valuable manuscripts to 
KJHP and support KJHP’s growth and development.  
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Abstract 
Background: Vitamin D deficiency is a common challenge its consequences are studied to be related to diversity of other health con-
cerns. The efficacy and safety in longevity of vitamin D3 B.O.N. 200,000 IU Intramuscular Injection were examined through investiga-
tor-initiated clinical trial.
Methods: One-hundred and eight subjects between ages of 19 and 65 who showed vitamin D deficiency (serum 25(OH)D<20 ng/mL) 
were initially injected once and were checked every 3 months for the next 12 months for serum 25(OH)D and 1,25(OH)2D levels for 
the drug’s efficacy, and for other safety observations. The percentage of participants maintaining within the normal serum 25(OH)D 
range were analyzed. Participants who reduced in the serum level below 30 ng/mL during the regular visits were given additional in-
jections.
Results: All the subjects showed similar patterns of statistically significant improvements at all times. The percentage of participants 
remaining in the normal range was higher in the better compliance group. No serious adverse events or severe adverse reactions oc-
curred.
Conclusions: Treatment of the vitamin D-deficient subjects with the injection of 200,000 IU vitamin D3 B.O.N. Intramuscular Injec-
tion induced a statistically significant increase in blood vitamin D concentration for 12 months demonstrating the clinical efficacy of 
the intervention. The higher percentage of the better compliance group being within normal ranges strengthens the evidence of the 
efficacy. No new adverse events or severe adverse events were associated with the injection, demonstrating its safety. Further studies 
to facilitate development of appropriate guidelines for interventions using vitamin D3 intramuscular injections will be desirable.

Keywords: Vitamin D deficiency, Vitamin D, Injections, Cholecalciferol

INTRODUCTION 

In modern society, individuals are prone to lacking vitamin D as 
they are exposed to situations that reduces vitamin D activations 

or supplementation such as in spending more time indoors and 
the scarcity of food sources that are high in the vitamin contain-
ment. As a result, vitamin D insufficiency is emerging as an im-
portant public health challenge. A study finds that possibly up to 
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40% of Europeans are deficient in vitamin D level [1]. Based on a 
cutoff value of serum level 25(OH)D≤20 ng/mL, nearly 1 billion 
individuals worldwide would exhibit vitamin D insufficiency. 

Following a study in which intake of 100 IU of vitamin D 
raised serum levels by around 0.7–1 ng/mL, the treatment 
guidelines of The United States Endocrine Society recommend 
that adults aged ≥19 years should take at least 1,500–2,000 IU of 
vitamin D each day to maintain an optimal concentration of 30 
ng/mL [2,3]. Generally, in order to raise serum 25(OH)D by 10 
ng/mL, an individual needs to take 1,000 IU/day of vitamin D3 
for 3–4 months [3]. 

Vitamin D3 B.O.N. Intramuscular Injection (cholecalciferol) 
is a drug recommended for supplementation of vitamin D3 
developed in France in 1964. It has been used for over 50 years 
worldwide and has been demonstrated to be safe and effective. 

Prior studies investigated efficacy and safety of either a single 
high-dose injection of vitamin D or multiple injections to the 
very elderly but there have been no studies that looked over ef-
ficacy and safety of injection of vitamin D3 over a long span of 
time. Thus, in attempts to find out the longevity in efficacy and 
safety in injection supplementation of the vitamin, we conduct-
ed an investigator-initiated clinical trial and examined the effi-
cacy and safety of regular intramuscular injections of vitamin 
D3 B.O.N. 

We aim to evaluate efficacy and safety of regular administra-
tion of high dose intramuscular injections of vitamin D3 and 
establish guidelines for the regular administration of the drug. 

METHODS 

Participants 
The study included adults aged 19–65 years with vitamin D 
deficiency who showed serum 25(OH)D<20 ng/mL on the 
screening day, and who had voluntarily signed the participant 
consent form after understanding the study content and goals. 
The recruitment of the participants was conducted openly at 
Soonchunhyang University Seoul Hospital. 

The final participants included in the analysis consisted of 
108 persons, after 74 people were screened out of 182 originally 
recruited, prior to commencement of trials, due to reasons such 
as testing above or equal to level of 20 ng/mL of serum 25(OH)D, 
self-cancelations of consents by the participants, concurrently 
participating in other clinical trial, inability to meet the planned 
schedules, missing of consensual authorization, and belonging 
to vulnerable group, in the order of prevalence of the incidents. 

Of the 108 participants included, there were 59 cases that 
were dropped out during their trials due to reasons such as fol-
low up loss (52 cases), self-cancelations of consents by the par-
ticipants (three cases), decisions made by principal investigator 
to cease trial for safety (2:1 case of pregnancy, one case catego-
rized vulnerable group), decision made by principal investiga-
tor to cease trial arbitrarily (one case of unrelated incident that 
caused study drug interruption) and concurrently participating 
in other clinical trial (one case), in the order of prevalence of 
the incidents (Fig. 1). 

Approval and review 
This study of the vitamin D clinical trial was reviewed and ap-
proved by the Institutional Review Board at Soonchunhyang 
University Seoul Hospital (KDBON-CPI-01). This clinical trial 
complied with the principles of the International Conference 
on Harmonization (ICH) Guidelines and the Declaration of 
Helsinki and was conducted in accordance with the related reg-
ulations in consideration of subject rights and safety. Written 

n=182
Screening

n=108 (100%)
Participants allocated

n=108 (100%)  
Participants treated with the 

investigational drug

n=108 (100%)  
Safety Set

n=96 (88.89%)  
FAS

n=49 (45.37%)
PPS

n=74  
Screening dropout

n=0 (0%)
Participants not treated with 

the investigational drug

n=12 (11.11%)
Excluded from FAS

n=47 (43.52%)
Excluded from PPS

Fig. 1. Flowchart of participant registration. FAS, Full Analysis 
Set; PPS, Per Protocol Set.
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informed consent was obtained from all subjects. 

The investigational drug 

Study process 
The study was conducted over a period of 22 months (obser-
vation period per participant: approximately 12 months). The 
investigational drug (vitamin D3 B.O.N. Intramuscular Injec-
tion [cholecalciferol]) was administered via intramuscular in-
jection at a dose of 200,000 IU in the first visit and the subjects 
were followed up at 3-month intervals to be checked for serum 
25(OH)D levels along with other indicators including physical 
examinations, vital signs, serum levels of 1,25(OH)2D, and cal-
cium concentration, urine levels of calcium and creatinine and 
other concurrent medications. The drug was re-administered 
in the subjects if serum 25(OH)D was tested to show below the 
normal range (30 ng/mL) during the follow up visits. 

As an investigator-initiated clinical trial to examine the ef-
ficacy and safety of the drug, endpoints were set in primary 
and secondary efficacy, and safety. The efficacy endpoints were 
defined as the mean changes in serum levels of 25(OH)D (pri-
mary) and 1,25(OH)2D (secondary), each from their baselines 
to 3 months, from baselines to 6 months, from baselines to 9 
months, and from baselines to 12 months. The percentage of 
participants that resulted within the normal ranges of serum 
25(OH)D level (30-100 ng/mL) at 3, 6, 9, and 12 months were 
investigated as secondary efficacy endpoint as well. Safety end-
points consisted of physical examination, vital signs, adverse 
events (AEs), blood calcium concentration, and urine calcium 
and creatinine concentrations. 

Analyses 
The data obtained from the subjects of this clinical trial were 
analyzed in the form of FAS (Full Analysis Set), PPS (Per Pro-
tocol Set), and Safety Set. The FAS included all data obtained 
from subjects who were registered as trial subjects, received the 
investigational drug after enrollment, and had at least one pri-
mary efficacy evaluation performed after baseline. The per-pro-
tocol analysis group (PPS) was set apart within the FAS set 
according to the protocol compliance, given the nature of the 
open-label trial. The compliance refers to the minimum treat-
ment duration, usability of measurements, and the absence of 
major protocol violations. PPS group included only those sub-
jects who sufficiently adhered to the clinical trial protocol. As 
this clinical trial involved subjects who could have prior knowl-

edge of the administered drug in an open-label trial, the con-
ventional intention-to-treat principle for general randomization 
was not applied. The Safety Set included all data obtained from 
all trial subjects who received the investigational drug at least 
once. 

In order to test the efficacy of the investigational drug for 
blood 25(OH)D and 1,25(OH)2D, we presented descriptive 
statistics for each treatment group to analyze the changes in 
concentration at each time point relative to baseline. We an-
alyzed the change at each time point using either two sample 
t-test or Wilcoxon’s rank sum test, depending on whether or not 
the assumption of normality was satisfied. The percentage of 
participants within the normal serum 25(OH)D range (30–100 
ng/mL) at 3, 6, 9, and 12 months after the first dose was shown 
as the count and percentage of participants, and analyzed using 
Pearson’s chi-square test or Fisher’s exact test. 

In order to test safety, we presented the descriptive statistics 
for each treatment group for AEs occurring after exposure to 
the investigational drug. We analyzed AEs using Pearson’s chi-
square test or Fisher’s exact test. In addition, descriptive statis-
tics were presented for AEs after drug administration, adverse 
drug reactions (ADRs), and severe adverse events (SAEs). In 
terms of measurements and test values, for continuous variables 
(physical examination, vital signs, and blood calcium concen-
tration), descriptive statistics were presented for the baseline 
values, values at trial termination, and the differences between 
baseline and termination. The variables were analyzed using 
paired t-test or Wilcoxon’s signed rank test. For categorical 
variables, contingency tables were constructed and the variables 
were analyzed using McNemar’s test. 

The results of analysis were presented in terms of odds ratios 
and 95% confidence interval. All data analyzes were performed 
using SAS ver. 9.4 (SAS Institute Inc.) with a significance level 
of 5%. 

RESULTS 

Participants’ general characteristics 
Ninety-six participants analysed included 23 males (23.96%) 
and 73 females (76.04%), with a mean age of 47.46±12.98 years, 
and a mean height of 161.02±7.61 cm. The detailed results are 
presented in Table 1. 

Primary efficacy endpoint 
For the 96 participants included in the FAS group, the mean 
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change in blood 25(OH)D from baseline to 3, 6, 9, and 12 
months was 12.89±8.93 ng/mL, 17.96±8.51 ng/mL, 15.77±8.26 
ng/mL, and 17.13±8.46 ng/mL, respectively. The changes after 
treatment with the investigational drug compared with baseline 
were statistically significant at all time points (all P<0.0001). 
The PPS group of 49 participants showed similar trends com-
pared with the FAS group, with statistically significant changes 
at all time points after exposure to the investigational drug 
compared with baseline (all P<0.0001). The detailed results for 
blood 25(OH)D levels are shown in Table 2. 

Secondary efficacy endpoint 
The mean change in blood 1,25(OH)2D from baseline to 3, 6, 
9, and 12 months in the 96 participants in the FAS group, was 
11.36±16.42 pg/mL, 17.33±20.34 pg/mL, 20.64±21.41 pg/mL, 

Table 1. Participant demographics characteristics (n=96) 
Variable  Value
Sex
 Male 23 (23.96)
 Female 73 (76.04)
Age (yr)
 Mean 47.46±12.98
 Median 52 (22–64)
 Age category
  20–29 9 (9.38)
  30–39 26 (27.08)
  40–49 11 (11.46)
  50–59 25 (26.04)
  Over 60 25 (26.04)
Height (cm)
 Mean 161.02±7.61
 Median 160.70 (146.00–179.30)

Values are presented as number (%), mean±standard deviation, or median 
(range).

Table 2. Blood 25(OH)D concentration (FAS and PPS) 
Item Visit Statistic FAS (n=96) PPS (n=49)
25(OH)D (ng/mL) Baselinea Number 96 49

Mean±SD 11.51±4.32 11.86±4.51
Median (range) 11.34 (3.52–19.39) 12.38 (3.52–19.14)

V3 (3-mo) Number 96 49
Mean±SD 24.40±9.50 25.14±10.33
Median (range) 22.44 (9.72–58.27) 24.24 (9.72–58.27)

Changeb Number 96 49
Mean±SD 12.89±8.93 13.28±9.11
Median (range) 11.95 (–5.38 to 40.63) 11.62 (0.21 to 40.28)
P-value <0.0001g <0.0001g

V4 (6-mo) Number 96 46h

Mean±SD 29.47±8.62 31.69±6.95
Median (range) 28.92 (8.55–58.27) 31.34 (15.25–49.82)

Changec Number 96 46h

Mean±SD 17.96±8.51 19.89±6.98
Median (range) 17.40 (2.00–40.63) 19.77 (4.57–34.54)
P-value <0.0001f <0.0001f

V5 (9-mo) Number 96 46h

Mean±SD 27.28±7.91 28.15±7.84
Median (range) 26.92 (8.55–53.09) 29.14 (14.86–51.69)

Changed Number 96 46h

Mean±SD 15.77±8.26 16.15±8.17
Median (range) 14.95 (0.48–40.63) 15.69 (0.48–33.42)
P-value <0.0001f <0.0001f

V6 (12-mo) Number 96 49
Mean±SD 28.65±7.91 31.00±7.08
Median (range) 28.06 (8.55–53.09) 31.08 (15.06–45.20)

Changee Number 96 49
Mean±SD 17.13±8.46 19.15±8.12
Median (range) 15.56 (–0.65 to 40.63) 20.84 (–0.65 to 35.12)
P-value <0.0001f <0.0001f

FAS, Full Analysis Set; PPS, Per Protocol Set; SD, standard deviation.
aValues from screening (baseline) were used; bV3 (3-mo)–baseline; cV4 (6-mo)–baseline; dV5 (9-mo)–baseline; eV6 (12-mo)–baseline; fPaired t-test; 
gWilcoxon signed rank test; hValues missing from three participants.
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and 19.07±21.65 pg/mL, respectively. The changes after admin-
istering the investigational drug compared with baseline were 
statistically significant at all time points (all P<0.0001). The 
PPS and FAS groups showed similar trends, with statistically 
significant changes at all time points after treatment with the 
investigational drug compared with baseline (all P<0.0001). The 
results of blood 1,25(OH)2D levels are shown in Table 3. 

The percentage of participants remaining in the normal se-
rum 25(OH)D level (30-100 ng/mL) after the injection was 19 
(19.79%) at 3 months after baseline, 43 (44.79%) at 6 months, 
36 (37.50%) at 9 months, and 40 (41.67%) at 12 months re-
spectively out of the 96 participants in the FAS group. The 49 
participants of PPS group showed 11 (22.45%) at 3 months after 
baseline, 28 (57.14%) at 6 months, 20 (40.82%) at 9 months, and 
26 (53.06%) at 12 months, respectively, showing higher percent-

age at all time points compared to that of the FAS group. The 
analysis is summarized in Table 4. 

Safety assessment 
AEs were analysed in the group of Safety Set using data collect-

Table 3. Blood 1,25(OH)2D concentration (FAS and PPS) 
Item Visit Statistic FAS (n=96) PPS (n=49)
1,25(OH)2D (pg/mL) Baselinea Number 96 49

Mean±SD 33.38±13.56 31.34±12.94
Median (range) 31.40 (10.44–80.05) 30.09 (11.16–76.34)

V3 (3-mo) Number 96 49
Mean±SD 44.74±14.13 43.21±11.65
Median (range) 42.78 (18.38–84.34) 41.41 (18.38–63.24)

Changeb Number 96 49
Mean±SD 11.36±16.42 11.87±15.03
Median (range) 10.18 (–38.65 to 54.28) 13.86 (–38.60 to 37.45)
P-value <0.0001f <0.0001g

V4 (6-mo) Number 96 45h

Mean±SD 50.71±20.32 50.99±24.17
Median (range) 48.17 (14.84–118.15) 45.48 (14.84–118.15)

Changec Number 96 45h

Mean±SD 17.33±20.34 18.83±22.47
Median (range) 17.63 (–35.81 to 94.34) 21.83 (–20.43 to 94.34)
P-value <0.0001f <0.0001f

V5 (9-mo) Number 96 46i

Mean±SD 54.02±20.61 55.32±22.36
Median (range) 53.32 (15.60–116.06) 55.04 (15.60–116.06)

Changed Number 96 46i

Mean±SD 20.64±21.41 23.52±21.89
Median (range) 18.96 (–35.54 to 74.37) 26.49 (–21.82 to 74.37)
P-value <0.0001f <0.0001f

V6 (12-mo) Number 96 49
Mean±SD 52.45±18.74 52.01±18.80
Median (range) 50.82 (19.10–110.97) 47.31 (19.10–110.97)

Changee Number 96 49
Mean±SD 19.07±21.65 20.67±22.48
Median (range) 15.89 (–39.23 to 99.56) 17.70 (–39.23 to 99.56)
P-value <0.0001g <0.0001g

FAS, Full Analysis Set; PPS, Per Protocol Set; SD, standard deviation.
aValues from screening (baseline) were used; bV3 (3-mo)–baseline; cV4 (6-mo)–baseline; dV5 (9-mo)–baseline; eV6 (12-mo)–baseline; fPaired t-test; 
gWilcoxon signed rank test; hMissing values from four participants; iMissing values from three participants.

Table 4. Percentage of participants in the normal range (30–100 ng/
mL) for blood 25(OH)D after the injection B.O.N. Intramuscular 
Injection 

Time point FAS group participants in 
normal range (%) out of 96

PPS group participants in 
normal range (%) out of 49

3 mo 19.79% 22.45%
6 mo 44.79% 57.14%
9 mo 37.50% 40.82%
12 mo 41.67% 53.06%
FAS, Full Analysis Set; PPS, Per Protocol Set.
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ed since immediately after the informed consent (screening) 
until the participant’s final assessment visit (the final visit in the 
12 months period or by dropout). 

Of the 108 participants in the Safety Set, 14 (12.96%) experi-
enced AEs, and four (3.70%) experienced suspected ADRs. No 
SAEs or severe ADRs occurred during the study period. Two of 
the 16 cases of AEs (12.50%) exhibited ongoing symptoms, but 
they were both deemed unrelated to the investigational drug. 
The other 14 AEs (87.50%) were resolved, and no SAEs were 
detected during the study period. 

No statistically significant changes in blood/urine calcium 
and creatinine concentrations were found at the end of the trial 
compared with baseline, and no clinically significant abnormal 
results were detected at any time point.  

All criteria of discernment of SAEs were based on the guide-
lines set out by International Council for Harmonisation of 
Technical Requirements for Pharmaceuticals for Human Use 
(ICH), which defines a serious AE (experience) or reaction as 
“any untoward medical occurrence that at any dose: results in 
death, is life-threatening, requires inpatient hospitalisation or 
prolongation of existing hospitalisation, results in persistent 
or significant disability/incapacity, or is a congenital anomaly/
birth defect.” 

Details of the AEs are listed in Table 5. 

Safety assessment details 
A total of 16 AEs were detected in 14 participants. These in-
cluded four ADRs, with three participants experiencing a single 
painful event at the injection site, and a participant reporting 
an incident of injection site pruritus. In all, the symptoms were 
mild and transient and all patients recovered without further 
treatment. 

In terms of events affecting treatment with the investigational 
drug, a single ‘study drug interrupted’ case (6.25%) was ob-
served in relation to urinary calculus. However, the event was 
assessed not to be related to the drug. The patient was recom-
mended extracorporeal shockwave lithotripsy, and based on the 
investigator’s judgment, the patient was removed from the trial 
without further follow-up. 

Two ongoing (12.50%) AEs, assessed as unrelated to the in-
vestigational drug, regarded a participant suffering a lower limb 
fracture and a participant developing urinary calculus. They 
were found to be ongoing after receiving concomitant medica-
tion or non-drug therapy. 

When all the AEs after drug administration were classified by 

Table 5. Summary of AEs 
Variable Total (n=108)
Number of participants experiencing 

AEs
14

95% CI 7.27–20.79
Number of AEs 16
Severity, n (%)
 Mild 14 (87.50)
 Moderate 2 (12.50)
 Severe 0 (0)
Suspected relationship with drug, n (%)
 No
  No relationship 2 (12.50)
  Weak relationship 10 (62.50)
 Yes
  Suspected relationship 3 (18.75)
  Strong relationship 0 (0)
  Clear relationship 1 (6.25)
  Could not be assessed 0 (0)
Measures affecting the investigational 

product, n (%)
 None 15 (93.75)
 Study drug interrupted 1 (6.25)
 Study drug discontinued 0 (0)
Other treatment required, n (%)
 None 12 (75.00)
  None 3 (18.75)
  Non-drug therapies 1 (6.25)
  Concomitant medications and 

non-drug therapies
0 (0)

 Other (specify) 0 (0)
Outcomes, n (%)
 Resolved 14 (87.50)
 Resolved with sequelae 0 (0)
 Continuing 2 (12.50)
 Fatal 0 (0)
Severe adverse event, n (%)
 No 16 (100)
 Yes 0 (0)
AE details
 ADRs (n=4) Single painful events at the 

injection site (n=3), injection site 
pruritus (n=1)

 Others (n=12) Ongoing: urinary calculus (n=1), 
lower limb fracture (n=1)

Others: myalgia (n=3), dizziness 
(n=2), fatigue (n=1), herpes zos-
ter (n=1), nasopharyngitis (n=1), 
sinusitis (n=1), gastritis (n=1)

ADR, adverse drug reaction; AE, adverse event; CI, confidence interval.

organ, there were three cases of injection site pain (2.78%) and one 
case of injection site pruritus (0.93%). However, these were con-
firmed to be transient AEs caused by the injection formulation. 

In addition, there were three cases of myalgia (2.78%), two 
cases of dizziness (1.85%), and one case each of fatigue (0.93%) 
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and urinary calculus (0.93%), but these were not predictable 
AEs based on the articles of approval for the studied drug. 

There was one case each of herpes zoster (0.93%), naso-
pharyngitis (0.93%), sinusitis (0.93%), gastritis (0.93%), and 
lower limb fracture (0.93%), but none of these were on going or 
showed any suspected association with the injection, and were 
resolved after appropriate treatment. 

In physical examination, no participants showed clinically 
significant abnormalities after the injection. No statistically 
significant changes in systolic blood pressure were detected at 
the end of the trial compared with baseline. Statistically signifi-
cant decreases in diastolic blood pressure, pulse rate, and body 
temperature at were found at the end of the trial compared with 
baseline, but these were not clinically significant. 

DISCUSSION 

There have been numerous studies that showed correlations 
of risks of different diseases to lower levels of serum vitamin 
D levels. Studies found that vitamin D deficiency increases the 
risk of falls and fractures in falls, as well as autoimmune disease, 
cardiovascular disease, infectious disease, colorectal cancer, and 
type 2 diabetes [4]. Individuals with low vitamin D levels or 
genetic variants in vitamin D receptor were reported to show 
higher incidence of malignant tumors such as breast cancer, 
colorectal cancer, and prostate cancer [5-8], hypertension [9], 
diabetes [10], and diseases associated with immune disorders. 
However, a contradicting study is also seldomly found such 
as in the findings, through meta-analyses of 15 randomized 
controlled trials, where preventive measure from high-dose 
supplementation of vitamin D were minimal on risk of falls and 
fractures [11]. They further speculated that it may even increase 
the risk.  

Despite the disputed ideas, ample evidence suggests that vi-
tamin D deficiency is strongly associated with multiple skeletal 
and non-skeletal diseases and laboratory and epidemiological 
studies to date indicate that appropriate vitamin D levels are es-
sential to maintaining optimal health. 

Although currently there is no consistent criteria for the de-
termination of appropriate serum 25(OH)D concentrations, a 
serum level of 25(OH)D<10 ng/mL is generally defined as ‘defi-
cient’, 10–30 ng/mL as ‘insufficient’, and ≥30 ng/mL as ‘sufficient’. 
The World Health Organization defines <10 ng/mL as ‘deficient’ 
and ≤20 ng/mL as ‘insufficient’ [12]. 

Different academic groups suggest differing levels as being 

appropriate levels of serum vitamin D, such as National Acad-
emy of Medicine formerly known as the Institute of Medicine 
suggesting 20 ng/mL or above, yet a study by Bischoff-Ferrari 
et al. [13] defines appropriate serum 25(OH)D as ≥30 ng/mL. 
In another study, Bischoff-Ferrari et al. [14] suggest the appro-
priate 25(OH)D concentration recommended is 30–44 ng/mL. 
Precise guidelines for treating vitamin D deficiency have yet 
to be defined, but usually individuals with a blood vitamin D 
(25[OH]D) concentration <20 ng/mL are considered for treat-
ment. 

Currently, vitamin D formulations include oral formulations 
and injections. Based on the results of multiple studies, a daily 
vitamin D intake of 800–1,000 IU is recommended to prevent 
vitamin D insufficiency [15]. However, treating deficiency re-
quires supplementation of a higher dose of vitamin D, which 
would be achieved more effectively through injections. 

This study result enhances the evidence, priorly proven 
through studies of a single high dose injection of vitamin D in 
elderly or multiple injections in the regard [15], that injection 
is an effective and safe method for supplementation of vitamin 
D, and further provides information that the efficacy and safety 
remain valid relatively over a long period. This observance may 
be beneficial to people who require or prefer injections over 
other methods of supplementations. 

The mainstay of the study was to observe efficacy and safe-
ty of the injection by seeing the serum 25(OH)D level within 
normal ranges, and regular repeated injections with its poten-
tial to overload the level was not considered in this study. The 
overlooked investigations for the number of the participants 
who required additional shots, the number of the shots each 
received, and their base serum level of 25(OH)D would have 
better elaborated the investigated drug’s capacity to enhance the 
serum concentration. 

The percentage of participants in the normal range (30–100 
ng/mL) for blood 25(OH)D after the injection was higher in the 
PPS group at all time points compared to that of the FAS group, 
supporting the grounds, by the definition of each group, that 
participants who followed the protocol more strictly also more 
effectively gained and maintained improvements. But this can 
also implicate people who generally adhere better to healthy 
guidelines, and having better overall exposure to vitamin D, fol-
lowed the protocol better. 

Trials were initialized on participants regardless of the time 
within a year and seasonal effects on serum 25(OH)D level, 
such as from differing sun light exposure, might have been dis-
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missed. 
Even though vitamin D is known to promote calcium absorp-

tion in the small intestine and long-term high-dose vitamin D 
administration had been reported to have caused hypercalcemia 
or renal calculi [15], the lack of clinically significant abnormal 
results measured in blood calcium concentration and in blood/
urine calcium and creatinine concentrations at any time point, 
along with that of any other findings in physical examination, 
vital signs, or AEs demonstrate the safety of the injection. 

Conclusion 
This clinical trial shows that treatment of vitamin D-deficient 
adults with B.O.N. Intramuscular Injection 200,000 IU induces 
a statistically significant increase in blood vitamin D concen-
tration demonstrating the clinical efficacy of the intervention. 
Further, the higher percentage of the group that complied better 
to the guidance being within targeted normal ranges strength-
ens the evidence of the efficacy the drug holds. No clinically 
significant new AEs or SAEs were associated with the injections 
demonstrating its safety. Thus, administration of vitamin D3 
B.O.N. Intramuscular Injection is safe and effective in vitamin 
D-deficient adults aged 19–65 years. 

Further studies that demonstrate the role of outdoor activity 
and occupational categories, use of ultraviolet blockers, differ-
ent age and sex groups will be desirable. Such studies may fa-
cilitate development of appropriate guidelines for interventions 
using vitamin D3 intramuscular injections. 
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INTRODUCTION 

Osteoarthritis is a common degenerative joint disease that 
causes pain and structural and functional damage [1]. The 
pathogenesis of osteoarthritis is largely unknown, and there is 
no treatment method to restore damaged cartilage or slow down 
the progression of the disease [2]. Recently, it has been reported 
that immunoglobulin E (IgE)-mediated activation of mast cells 
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Abstract 
Background: Recent studies reported a significant association between asthma and osteoarthritis, but the relationship between aller-
gic rhinitis and osteoarthritis has not been studied sufficiently. This study aimed to determine the association between allergic rhinitis 
and osteoarthritis in adults. 
Methods: Using data from the 3rd to 8th Korea National Health and Nutrition Examination Survey, multiple logistic and linear re-
gression analyses were conducted to determine the association between allergic rhinitis and osteoarthritis with adjustment for po-
tential confounding factors in participants aged 50 years or older. 
Results: When adjusted for potential confounders, doctor-diagnosed osteoarthritis (adjusted odds ratio [OR]=1.32, 95% confidence 
interval [95% CI]=1.12–1.57, P=0.001), knee pain (adjusted OR=2.42, 95% CI=1.32–4.41, P=0.004), and symptomatic knee osteoar-
thritis (adjusted OR=2.69, 95% CI=1.10–6.57, P=0.030) were all significantly more frequent in participants with allergic rhinitis than 
in those without it. 
Conclusions: These findings show an evident association between allergic rhinitis and osteoarthritis in Korean adults. 

Keywords: Allergic rhinitis, Osteoarthritis, Knee  

in the synovium may play an important role in driving the pro-
gression of osteoarthritis [3]. The IgE-mediated degranulation of 
mast cells is also a characteristic of allergic diseases, and recent 
studies have shown a genetic association between osteoarthritis 
and allergic diseases such as asthma and allergic rhinitis [4]. If 
molecular pathways related to allergic conditions play a key role 
in the mechanism of osteoarthritis, therapeutic agents targeting 
them might prevent the development or progression of osteo-



arthritis. A retrospective cohort study reported that the risk of 
developing osteoarthritis is increased in patients with asthma or 
atopic dermatitis [5]. A significant association between asthma 
and osteoarthritis was also reported in a cross-sectional study 
conducted in Korea [6]. On the other hand, a Japanese study 
revealed ambiguous results, showing that osteoarthritis of the 
temporomandibular joint was not related to asthma, but related 
to allergies [7]. In addition, Korean studies using data from the 
Korea National Health and Nutrition Examination Survey (KN-
HANES) reported conflicting results regarding the relationship 
between allergic rhinitis and osteoarthritis [8,9]. However, both 
studies used only 3 to 4 years of the KNHANES data and in-
cluded the entire population aged 19 or older [8,9]. As a result, 
the majority of the study subjects were in the age group where 
osteoarthritis is not prevalent [8,9]. Thus, this study aimed to 
investigate the relationship between allergic rhinitis and osteo-
arthritis among participants aged 50 years or older in the KN-
HANES from the 3rd to the 8th period. 

METHODS 

Study population 
This study was conducted using data from the KNHANES from 
2005 to 2021. The survey includes a health interview, physical 
examination, and laboratory tests. In 2005 to 2021, the KN-
HANES collected data on doctor-diagnosed osteoarthritis. In 
2010 to 2013, the KNHANES included a screening survey for 
knee osteoarthritis. Accordingly, this study analyzed two study 
populations: study population 1 to confirm the association be-
tween allergic rhinitis and doctor-diagnosed osteoarthritis and 
study population 2 to confirm the association between allergic 
rhinitis and outcomes from the screening survey for knee os-
teoarthritis. 

Study population 1 consisted of participants from 2005 to 
2021. Because the prevalence of osteoarthritis is very low under 
50 years of age, and the screening survey for knee osteoarthritis 
was conducted in participants aged 50 years or older, subjects 
younger than 50 years were excluded. In addition, the following 
subjects were excluded subsequently: those with missing data 
on doctor-diagnosed osteoarthritis and allergic rhinitis, and 
those with incomplete data on potential confounding variables. 
Thus, a total of 44,538 subjects were included in study pop-
ulation 1 (Fig. 1). Additionally, subjects without data on the 
screening survey for knee osteoarthritis were excluded from 
study population 1, and the remaining 10,729 subjects were 

designated as study population 2 (Fig. 1). 

Variable definitions 
The doctor-diagnosed osteoarthritis was determined by the fol-
lowing question: “Have you been diagnosed with osteoarthritis 
by a doctor?” [6] Allergic rhinitis was determined by whether or 
not the participant was diagnosed by a doctor before the age of 
50. Knee pain was determined by the following question: “Have 
you had knee pain for 30 days or longer in the past 3 months?” If 
“yes”, the respondents were asked the average degree of pain on 
a scale of 0 to 10 regardless of medication use. If “no”, the knee 
pain score was considered as 0. The osteoarthritis screening 
survey included radiographic examination of the knee (SD3000 
Synchro Stand; Accele Ray, Bern, Switzerland) [6]. Radiographic 
knee osteoarthritis was defined as a Kellgren-Lawrence Grading 
Scale score ≥2 [10]. Symptomatic knee osteoarthritis was de-
fined as having both radiographic knee osteoarthritis and knee 
pain [11]. 

Age was classified as 50 to <60 years, 60 to <70 years, and 
70 years or older. Education level was divided into elementary 

154,326 Participants

Study population 1 
(n=44,538)

Study population 2
(n=10,729)

Subjects < 50 years old (n=95,695)

Subjects with missing data on doctor-diagnosed 
osteoarthritis (n=4,577)

Subjects with missing data on allergic rhinitis 
(n=1,376)

Other incomplete data (n=8,140): missing 
data on education (n=516), household 
income (n=591), occupation (n=95), smoking 
(n=6,094), and body mass index (n=844)

Subjects with missing data on the screening 
survey and radiographic examination for 
knee osteoarthritis (n=33,809)

Fig. 1. Flow chart of the two study populations: study population 
1 and 2.
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school or less, middle school, high school, and college or above. 
Household income was divided into four groups according to 
income quartile: low, mid-low, mid-high, and high. Occupa-
tion was classified based on Korean Standard Classification of 
Occupations as follows: group 1 (managers, professionals, and 
related workers); group 2 (clerks); group 3 (service and sales 
workers); group 4 (skilled agricultural, forestry, and fishery 
workers); group 5 (craft, equipment, and machine operating 
and assembling workers); group 6 (elementary workers); and 
group 7 (housewives, students, and the unemployed). In this 
study, groups 1, 2, 3, and 7 were merged into a single group 
(Group A) and groups 4, 5, and 6 were also merged (Group B) 
[12]. Smoking was classified as never smoked, ex-smoker, cur-
rent smoker: those who smoked less than 100 cigarettes in their 
lifetime defined as never smoked, those who smoked in the past 
but do not currently smoke defined as ex-smokers, and those 
who currently smoked defined as current smokers [13]. 

Statistical analyses 
Because the KNHANES used a multi-stage stratified cluster 
probability sampling method, the clusters, strata, and weights of 
the data were used to account for the complex sampling design. 
All statistical analyses were conducted using the statistical soft-
ware package R version 4.2.3 (The R Foundation for Statistical 
Computing), and a two-sided P-value less than 0.05 was consid-
ered as statistically significant. 

The proportions or means and standard deviations were esti-
mated for demographic, socioeconomic, and clinical variables. 
The differences in the variables according to doctor-diagnosed 
osteoarthritis or allergic rhinitis were assessed using the Pear-
son chi-square test with Rao-Scott adjustment or design-based 
Wilcoxon rank-sum test for complex sample survey data. 

To estimate odds ratios (ORs) of doctor-diagnosed osteoar-
thritis according to allergic rhinitis in study population 1, sim-
ple and multiple logistic regression analyses were performed. 
The multiple logistic regression model included potential 
confounding variables such as sex, age, education, household 
income, occupation, smoking, and body mass index. 

To estimate ORs of knee pain, radiographic knee osteoarthri-
tis, and symptomatic knee osteoarthritis according to allergic 
rhinitis in study population 2, simple and multiple logistic 
regression analyses were also conducted. The multiple logistic 
regression models included the same confounding variables as 
those used in study population 1. 

To estimate the mean knee pain scores according to allergic rhi-

nitis in subjects with radiographic knee osteoarthritis, simple and 
multiple linear regression analyses were conducted. The multiple 
linear regression models included the same confounding variables 
as those used in the multiple logistic regression models. 

Ethics statement 
This study was exempted from approval by the Institutional Re-
view Board because this study was a secondary data analysis of 
existing data.

RESULTS 

The demographic, socioeconomic, and clinical characteristics 
of study population 1 are summarized in Table 1. The frequency 
of allergic rhinitis was lower in subjects with doctor-diagnosed 
osteoarthritis than in those without it (proportion±standard 
error, 3.2%±0.2% vs. 4.2%±0.1%; P=0.001). 

The characteristics of study population 2 are presented in Ta-
ble 2. There was no significant difference in the frequencies of 
knee pain, radiographic knee osteoarthritis, and symptomatic 
knee osteoarthritis between those with and without allergic rhi-
nitis (P=0.380, 0.121, and 0.845, respectively). Knee pain scores 
were also not significantly different between those with and 
without allergic rhinitis (P=0.471). 

Without adjustment for potential confounders, the odds of 
doctor-diagnosed osteoarthritis were significantly lower in sub-
jects with allergic rhinitis than in those without it (OR=0.76, 
95% confidence interval [95% CI]=0.65–0.89, P<0.001) (Table 
3). However, the multiple logistic regression analysis adjusting 
for confounding factors showed that the odds of doctor-diag-
nosed osteoarthritis were significantly higher in participants 
with allergic rhinitis than in those without it (adjusted OR=1.32, 
95% CI=1.12–1.57, P=0.001) (Table 3). 

Without adjustment for confounders, the odds of knee pain 
were not significantly different between subjects with and without 
allergic rhinitis (OR=1.30, 95% CI=0.72–2.33, P=0.381) (Table 
4). However, multiple logistic regression analyses adjusting for 
confounders showed that the odds of knee pain were significantly 
higher in participants with allergic rhinitis than in those without it 
(adjusted OR=2.42, 95% CI=1.32–4.41, P=0.004) (Table 4).  

The odds of radiographic knee osteoarthritis were not sig-
nificantly different between subjects with and without allergic 
rhinitis regardless of adjustment for confounders (P=0.126 and 
0.458 for without and with confounder adjustment, respective-
ly) (Table 4). 
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Table 1. Characteristics of study population 1 

Characteristic Total (n=44,538)
Doctor-diagnosed osteoarthritis

P-valuea

No (n=34,836) Yes (n=9,702)
Total 80.7±0.2 19.3±0.2
Allergic rhinitis 0.001
 No 96.0±0.1 95.8±0.1 96.8±0.2
 Yes 4.0±0.1 4.2±0.1 3.2±0.2
Sex <0.001
 Female 53.3±0.2 46.9±0.3 80.4±0.5
 Male 46.7±0.2 53.1±0.3 19.6±0.5
Age (yr) <0.001
 50 to <60 45.8±0.4 50.9±0.4 24.3±0.6
 60 to <70 29.9±0.3 28.8±0.3 34.6±0.6
 ≥70 24.3±0.3 20.3±0.3 41.1±0.6
Education <0.001
 Elementary school or less 37.7±0.4 32.2±0.4 60.6±0.7
 Middle school 16.8±0.2 16.9±0.3 16.3±0.5
 High school 28.1±0.3 30.9±0.4 16.4±0.5
 College or above 17.5±0.4 20.0±0.4 6.8±0.3
Household income <0.001
 Low 26.3±0.4 23.0±0.4 40.3±0.7
 Mid-low 25.3±0.3 25.1±0.3 26.3±0.6
 Mid-high 23.1±0.3 24.1±0.3 18.5±0.5
 High 25.3±0.4 27.8±0.5 14.9±0.5
Occupationb <0.001
 Group A 68.4±0.4 67.4±0.4 72.8±0.6
 Group B 31.6±0.4 32.6±0.4 27.2±0.6
Smoking <0.001
 Never smoked 57.0±0.3 52.2±0.3 77.2±0.5
 Ex-smoker 25.6±0.2 28.3±0.3 14.4±0.4
 Current smoker 17.4±0.2 19.5±0.3 8.4±0.4
Body mass index (kg/m2)
 Mean  24.16±0.02 23.97±0.02 24.95±0.04 <0.001
 Standard deviation  3.16±0.02 3.10±0.02 3.30±0.03

Each figure represents estimates±standard errors of percentages for categorical variables, and those of means and standard deviations for body mass 
index.
aP-values were obtained by Pearson chi-square test with Rao-Scott adjustment for categorical variables and by design-based Wilcoxon rank-sum test for 
complex sample survey data for body mass index. bGroup A: managers, professionals, and related workers; clerks; service and sales workers; housewives, 
students, and the unemployed. Group B: skilled agricultural, forestry, and fishery workers; craft, equipment, and machine operating and assembling 
workers; elementary workers.

Without adjustment for confounders, the odds of symptom-
atic knee osteoarthritis were not significantly different between 
subjects with and without allergic rhinitis (OR=0.92, 95% 
CI=0.40–2.14, P=0.846) (Table 4). However, multiple logistic 
regression analyses adjusting for confounders showed that the 
odds of symptomatic knee osteoarthritis were significantly high-
er in participants with allergic rhinitis than in those without it 
(adjusted OR=2.69, 95% CI=1.10–6.57, P=0.030) (Table 4). 

Without adjustment for confounders, mean knee pain scores 
were not significantly different between participants with and 
without allergic rhinitis (P=0.710) (Table 5). When adjusted for 
confounders, mean knee pain scores were also not significantly 

different between participants with and without allergic rhinitis 
(estimated marginal means 3.31 [95% CI=1.51–5.11] vs. 2.35 
[95% CI=2.21–2.48], respectively; adjusted mean difference 0.96 
[95% CI=–0.84 to 2.77], P=0.295) (Table 5, Fig. 2). 

DISCUSSION 

The results of this study show that there is an evident associa-
tion between allergic rhinitis and osteoarthritis. When adjusted 
for potential confounders, doctor-diagnosed osteoarthritis, 
knee pain, and symptomatic knee osteoarthritis were all signifi-
cantly more frequent in participants with allergic rhinitis. To 
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Table 2. Characteristics of study population 2 

Characteristic Total (n=10,729)
Allergic rhinitis

P-value
No (n=10,657) Yes (n=72)

Total 99.0±0.1 1.0±0.1
Sex 0.572a

 Female 54.0±0.5 54.0±0.5 57.8±6.5
 Male 46.0±0.5 46.0±0.5 42.2±6.5
Age (yr) <0.001a

 50 to <60 46.7±0.7 46.3±0.7 91.1±3.1
 60 to <70 28.3±0.6 28.5±0.6 7.4±3.0
 ≥70 25.0±0.6 25.2±0.6 1.5±1.1
Education <0.001a

 Elementary school or less 45.6±0.8 45.9±0.8 22.6±5.5
 Middle school 18.4±0.5 18.3±0.5 24.3±5.3
 High school 25.0±0.6 25.0±0.6 26.4±5.2
 College or above 11.0±0.5 10.9±0.5 26.6±6.0
Household income 0.046a

 Low 29.3±0.8 29.4±0.8 17.7±5.7
 Mid-low 25.7±0.7 25.8±0.7 20.0±4.6
 Mid-high 21.9±0.6 21.8±0.6 25.7±5.8
 High 23.1±0.7 23.0±0.7 36.6±6.9
Occupationc 0.199a

 Group A 65.1±0.9 65.0±0.9 73.9±6.3
 Group B 34.9±0.9 35.0±0.9 26.1±6.3
Smoking 0.646a

 Never smoked 56.6±0.5 56.5±0.5 62.6±6.4
 Ex-smoker 24.5±0.5 24.6±0.5 22.3±6.0
 Current smoker 18.9±0.5 18.9±0.5 15.2±4.6
Body mass index (kg/m2)
 Mean  24.10±0.04 24.10±0.04 23.73±0.34 0.370b

 Standard deviation  3.13±0.03 3.13±0.03 2.73±0.28
Knee pain 0.380a

 No 79.2±0.5 79.3±0.5 74.7±5.6
 Yes 20.8±0.5 20.7±0.5 25.3±5.6
Radiographic knee osteoarthritis 0.121a

 No 64.7±0.8 64.6±0.8 75.6±6.4
 Yes 35.3±0.8 35.4±0.8 24.4±6.4
Symptomatic knee osteoarthritis 0.845a

 No 87.4±0.4 87.4±0.4 88.3±4.5
 Yes 12.6±0.4 12.6±0.4 11.7±4.5
Knee pain score
 Mean 1.28±0.03 1.28±0.03 1.39±0.38 0.471b

 Standard deviation 2.76±0.04 2.76±0.04 2.85±0.43

Each figure represents estimates±standard errors of percentages for categorical variables, and those of means and standard deviations for continuous 
variables.
aP-values were obtained by Pearson chi-square test with Rao-Scott adjustment. bP-values were obtained by design-based Wilcoxon rank-sum test for 
complex sample survey data. cGroup A: managers, professionals, and related workers; clerks; service and sales workers; housewives, students, and the 
unemployed. Group B: skilled agricultural, forestry, and fishery workers; craft, equipment, and machine operating and assembling workers; elementary 
workers.

the best of my knowledge, there have been no large-scale stud-
ies that investigated the relationship between allergic rhinitis 
and osteoarthritis in particular with analysis on the pain and 
radiographic findings of specific joints. Additionally, since the 
KNHANES data used in this study are nationally representative, 

the findings of this study can be extrapolated to the general Ko-
rean adult population aged 50 years or older. 

There have been few studies on the relationship between al-
lergic rhinitis and osteoarthritis, and their results were inconsis-
tent, making it difficult to reach a clear conclusion. An et al. [8] 
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Table 3. Factors associated with doctor-diagnosed osteoarthritis in study population 1 
Simple logistic regression Multiple logistic regression

OR (95% CI) P-value Adjusted OR (95% CI) P-value
Allergic rhinitis <0.001 0.001
 No Reference - Reference -
 Yes 0.76 (0.65–0.89) <0.001 1.32 (1.12–1.57) 0.001
Sex <0.001 <0.001
 Female Reference - Reference -
 Male 0.22 (0.20–0.23) <0.001 0.25 (0.23–0.28) <0.001
Age (yr) <0.001 <0.001
 50 to <60 Reference - Reference -
 60 to <70 2.51 (2.34–2.70) <0.001 2.11 (1.94–2.28) <0.001
 ≥70 4.22 (3.93–4.54) <0.001 3.02 (2.76–3.31) <0.001
Education <0.001 <0.001
 Elementary school or less Reference - Reference -
 Middle school 0.51 (0.47–0.55) <0.001 0.86 (0.79–0.94) 0.001
 High school 0.28 (0.26–0.30) <0.001 0.58 (0.54–0.64) <0.001
 College or above 0.18 (0.16–0.20) <0.001 0.47 (0.42–0.53) <0.001
Household income <0.001 <0.001
 Low Reference - Reference -
 Mid-low 0.60 (0.56–0.64) <0.001 0.88 (0.82–0.95) 0.001
 Mid-high 0.44 (0.41–0.47) <0.001 0.83 (0.76–0.90) <0.001
 High 0.31 (0.28–0.33) <0.001 0.76 (0.69–0.84) <0.001
Occupationa <0.001 0.576
 Group A Reference - Reference -
 Group B 0.77 (0.72–0.82) <0.001 1.02 (0.95–1.09) 0.576
Smoking <0.001 0.332
 Never smoked Reference - Reference -
 Ex-smoker 0.34 (0.32–0.37) <0.001 1.05 (0.94–1.17) 0.365
 Current smoker 0.29 (0.26–0.32) <0.001 0.96 (0.85–1.09) 0.553
Body mass index (kg/m2) 1.10 (1.09–1.11) <0.001 1.10 (1.09–1.11) <0.001

P-values were calculated by generalized linear model for complex survey design.
CI, confidence interval; OR, odds ratio.
aGroup A: managers, professionals, and related workers; clerks; service and sales workers; housewives, students, and the unemployed. Group B: skilled 
agricultural, forestry, and fishery workers; craft, equipment, and machine operating and assembling workers; elementary workers.

Table 4. Association of allergic rhinitis with knee pain, radiographic knee osteoarthritis, and symptomatic knee osteoarthritis in study 
population 2 

Simple logistic regression Multiple logistic regressiona

OR (95% CI) P-value Adjusted OR (95% CI) P-value
Knee pain 1.30 (0.72–2.33) 0.381 2.42 (1.32–4.41) 0.004
Radiographic knee osteoarthritis 0.59 (0.30–1.16) 0.126 1.32 (0.64–2.73) 0.458
Symptomatic knee osteoarthritis 0.92 (0.40–2.14) 0.846 2.69 (1.10–6.57) 0.030

P-values were calculated by generalized linear model for complex survey design.
CI, confidence interval; OR, odds ratio.
aMultiple logistic regression models with adjustment for sex, age, education, household income, occupation, smoking, and body mass index.

Table 5. Association of allergic rhinitis with knee pain scores in participants with radiographic knee osteoarthritis 
Simple linear regression Multiple linear regressiona

Mean difference (95% CI) P-value Adjusted mean difference (95% CI) P-value
Knee pain score 0.35 (–1.51 to 2.22) 0.710 0.96 (–0.84 to 2.77) 0.295

P-values were calculated by generalized linear model for complex survey design.
CI, confidence interval.
aMultiple linear regression models with adjustment for sex, age, education, household income, occupation, smoking, and body mass index.
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Fig. 2. Estimated marginal mean knee pain scores in participants 
with and without allergic rhinitis calculated by multiple linear 
regression analyses with adjustment for sex, age, education, 
household income, occupation, smoking, and body mass index. 
The error bars indicate 95% confidence intervals.

analyzed the KNHANES data from 2008 to 2011 and reported 
that there is no significant association between allergic rhinitis 
and osteoarthritis. On the other hand, Lee et al. [9] reported 
that osteoarthritis is more prevalent in those with allergic rhi-
nitis by analyzing the KNHANES data from 2016 to 2018. Both 
studies covered only 3 to 4 years of the KNHANES data, and 
neither of the studies analyzed symptoms and radiographic 
findings for the knee joint. Accordingly, this study covered a 
total of 16 years of KNHANES data from the 3rd to the 8th pe-
riod, and analyzed the osteoarthritis screening survey data from 
2010 to 2013 as main outcome variables. 

The association between allergic rhinitis and osteoarthritis 
may result from the genetic link between the two diseases. A 
recent study showed that those with genetic variations asso-
ciated with allergic rhinitis and asthma have an increased risk 

of developing osteoarthritis [4]. It has also been reported that 
increased serum IgE levels are associated with osteoarthritis of 
the knee [14]. IgE may contribute to the aggravation of osteoar-
thritis by activating mast cells in the synovium [3]. An increase 
in serum IgE levels is also common in allergic conditions in-
cluding allergic rhinitis, asthma, and atopic dermatitis, which 
might contribute to the association between osteoarthritis and 
the allergic conditions. Further studies would be needed to elu-
cidate the underlying mechanisms. 

The results of this study show that the adjustment for con-
founding variables was necessary to confirm the association 
between allergic rhinitis and osteoarthritis. Without adjusting 
for confounding factors, no significant association or even 
an inverse relationship was found between allergic rhinitis 
and osteoarthritis. However, when adjusting for confounding 
variables, the significant associations were confirmed between 
allergic rhinitis and osteoarthritis. This appears to mainly result 
from the confounding effect of age. The prevalence of osteo-
arthritis increased rapidly with age, but that of allergic rhinitis 
showed the opposite pattern.  

In contrast with doctor diagnosis of osteoarthritis, knee pain, 
and symptomatic knee osteoarthritis, radiographic knee osteo-
arthritis was not more frequent in those with allergic rhinitis. 
The cause of this difference between clinical and radiological 
findings is unclear, but it is known that radiographic diagnosis 
of osteoarthritis is often discordant with clinical symptoms [15]. 
Thus, the diagnosis of osteoarthritis is based on clinical symp-
toms and signs as well as radiological findings [16], and pa-
tient’s symptoms may be more meaningful related to the func-
tional outcomes than radiological findings [17]. Furthermore, 
the Kellgren-Lawrence Grading Scale has been criticized on the 
basis of its reliability and the lack of recognition of patellofemo-
ral arthritis [18]. When conducting epidemiological studies on 
osteoarthritis, one of three definitions of osteoarthritis is com-
monly used: subjects’ self-reports, radiographic osteoarthritis, 
or symptomatic osteoarthritis [11]. Generally, the radiographic 
definition leads to higher prevalence and heterogeneous results 
between studies. In contrast, subjects’ self-reports and symp-
tomatic osteoarthritis result in similar prevalence estimates and 
show more homogeneous and consistent results across studies 
[11]. On the other hand, allergic rhinitis may play a role in 
aggravating symptoms of osteoarthritis rather than initiating 
the disease. Activated mast cells are known to aggravate pain 
in joints with osteoarthritis and their number in the synovium 
has a positive correlation with the disease severity [19]. The 



increase in IgE, which is common in allergic rhinitis, induces 
mast cell activation. These mechanisms might underlie the 
worse osteoarthritis symptoms in subjects with allergic rhinitis 
observed in this study. 

Among subjects with radiographic knee osteoarthritis, the 
mean knee pain score was numerically higher in participants 
with allergic rhinitis than in those without it, but the difference 
was not statistically significant. This statistical insignificance 
appears to be due to insufficient statistical power from the small 
number of subjects available for the analyses. Because the lin-
ear regression analyzed only subjects with radiographic knee 
osteoarthritis, not the entire study population 2, the number of 
subjects was inevitably small compared to the other analyses. 

This study has several limitations. First, the cross-sectional 
design of the KNHANES made it possible to determine the 
association between allergic rhinitis and osteoarthritis, but ad-
ditional studies will be needed to confirm the causality between 
them. Second, doctor diagnoses of osteoarthritis and allergic 
rhinitis may be inaccurate as they were based solely on partic-
ipant reports. Third, because the KNHANES was conducted 
within Korea, it is difficult to directly extrapolate the results of 
this study to other countries. 

In conclusion, this study confirmed a clear association be-
tween allergic rhinitis and osteoarthritis in Korean adults. 
Further studies will be needed to determine whether this asso-
ciation is generally observed in other populations and whether 
a causal relationship also exists between them. 
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INTRODUCTION 

The operating room (OR) is a high-risk environment within a 
healthcare organization with a high incidence of errors resulting 
in serious injury or death to patients [1]. Furthermore, various 
interdisciplinary surgeries are performed in the OR, and surgi-
cal nursing care is provided here. Therefore, accurate communi-
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Abstract 
Background: This study aimed to identify changes in counting error prevention awareness and patient safety perception through 
counting error prevention education to operating room nurses. 
Methods: This was a one-group, pretest-posttest, quasi-experimental study. The participants were operating room nurses. A total of 
46 nurses were recruited, and data was collected between October 1 and 31, 2022. Measures used for this study assessed counting 
error prevention awareness and patient safety perception. The data were analyzed using paired t-tests. 
Results: The counting error prevention awareness of the participants increased significantly from 3.68 to 3.95 points before and after 
education, respectively (t=–5.07, P<0.001), while patient safety perception significantly increased from 3.95 to 4.20 points before and 
after training, respectively (t=–2.68, P=0.010). 
Conclusions: Counting error prevention awareness and patient safety perception of operating room nurses prevent fatal damage to 
patients with surgeries and lower mortality. The results of this study suggest the necessity of various education methods to reduce 
medical accidents among surgical patients and to raise patient safety perception for operating room nurses. 
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cation with interdisciplinary team members and an understand-
ing of equipment and supplies are required; high risk of patient 
safety incidents exists when these skills are lacking [2].  

In the OR, verifying the type and number of items used 
during surgery is called “counting” and is one of the most im-
portant tasks to protect the patient from retained gauze, sutures, 
and surgical instruments in their body. It is also important for 
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infection control, supply management, and the safety of medi-
cal personnel involved in surgery [3,4]. According to previous 
studies in Korea, “counting” ranked highest and second highest 
in the safety domain in the studies by Jang [5] and Kim and 
Kim [6], respectively, in terms of the importance of nursing 
interventions perceived by nurses working in the OR. As such, 
nurses in the OR consider counting to be one of the most im-
portant patient safety interventions. Nursing scholars and nurs-
es in the field have been developing guidelines to reduce count-
ing errors and suggesting ways to develop duty of care in the 
field, but counting errors still occur. Studies on OR miscounting 
errors have mainly addressed miscounting errors in the realm 
of safety management or conducted studies on factors related 
to miscounting errors [3,4,7], and studies on miscounting error 
prevention education are lacking. The standard guidelines for 
counting errors currently used in Korea are presented by the 
Korean Association of Operating Room Nurses, which is based 
on the standard guidelines of the American Association of 
Perioperative Registered Nurses and modified for Korea [8]. 

The importance of patient safety in the OR increases yearly, 
and according to a previous study, surgery-related areas record-
ed the highest report rate (36.9%) of medical disputes due to 
medical accidents in 2017 [9]. Patients undergoing surgery are 
unable to defend themselves due to anesthesia, and commu-
nication is difficult. Patient safety is consequently entirely the 
domain of the medical staff performing the surgery [2,9]. 

Given the importance of patient safety in the OR, the World 
Health Organization (WHO) has recommended the use of safe-
ty checklists, such as the WHO Surgical Safety Checklist [10], 
in hospitals to reduce the incidence of death and complications 
in surgical patients. Various outcomes have been reported, such 
as enhanced communication between healthcare providers, im-
proved mobility, reduced surgical complications, and reduced 
readmission rates [2]. Other patient safety education programs 
have also been implemented, and several linear studies of nurs-
es have reported that on-the-job training on basic skills and 
medication knowledge was effective in improving nurses’ job 
confidence and medication knowledge. Furthermore, Kim et 
al. [11] reported positive effects on safety perception, sense of 
safety control, and acceptance of responsibility through patient 
safety-related nursing error prevention education using case 
studies. 

The effectiveness of nurse education for patient safety has 
been proven by several studies. However, studies that have con-
ducted patient safety education for OR nurses do not currently 

exist in Korea, and no study has measured the extent of patient 
safety awareness of OR nurses through counting error preven-
tion education. Patient safety issues often arise in the OR, and 
these issues are related to the lives of surgical patients and com-
plications. As such, the perception of patient safety by OR nurs-
es is crucial, and measures to improve this perception of patient 
safety are needed [12]. 

Therefore, this study aimed to provide prevention education 
to OR nurses to determine the extent of prevention awareness 
and patient safety awareness before and after education and to 
provide a basis for developing an educational program for pa-
tient safety management of OR nurses. 

METHODS 

Study design 
This study was a quasi-experimental study using a single-group 
pre-post design to determine the effectiveness of counting er-
ror prevention education by comparing changes in pre- and 
post-counting error prevention awareness and patient safety 
perceptions among OR nurses.  

Participants  
The participants of this study are nurses working in the OR of 
Gachon University Hospital located in Incheon City. The se-
lection criteria for the participants were nurses with more than 
3 months of work experience who had completed their initial 
training and were participating as disinfection or circulating 
nurses in the OR. Nurses working at this research organization 
during the study period and nurses with less than 3 months of 
work experience were excluded. The number of participants 
was calculated using the G*power 3.1.9.4 program based on 
a prior study by Kim et al. [13]. The power (0.8), significance 
level (0.05), and effect size (0.5) were calculated, and the initial 
sample size was 27. Considering a dropout rate of 20%, a total 
of 34 participants were selected. Ultimately, the analysis includ-
ed all 46 participants who volunteered to attend training at a 
single study site. 

Procedures: education to prevent counting errors 
The educational materials for the prevention of counting er-
rors used in this study were developed by seven medical staff 
working in the OR (three head nurses and four nurses with over 
10 years of clinical experience in the OR) and one professor of 
nursing, who modified and supplemented the previously used 
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educational materials for OR nurses by referring to the 2013 
article “Development of a guideline to prevent errors of surgical 
counts in the operating room at a university hospital” by Park 
and Jang [4]. 

The educational content consisted of the purpose of OR count-
ing, OR counting guidelines (sponge counting guidelines, sharps 
counting guidelines, instrument counting guidelines, OR speci-
men counting guidelines, and guidelines for counting discrep-
ancies), and OR counting records (surgical nursing record sheet 
guidelines, computerized surgical nursing record guidelines). 

To enhance the content validity of the educational program, 
it was validated by six experts (two nurses with more than 10 
years of experience in the OR, two nurses with more than 5 but 
less than 10 years of experience, one surgeon, and one nurse 
dedicated to OR education). As a result of the validation, the 
content validity of the education program was >0.8 for each 
component, and the training was conducted without further 
modifications. 

The existing counting-error prevention education provid-
ed new nurses in the OR with approximately 10 minutes of 
education time and a surgical nursing guideline with a brief 
explanation during a 1 month-long curriculum. The count-
ing-error prevention education developed in this study used a 
lecture-style education and presented counting-error cases to 
allow participants to discuss the problem. The education pro-
gram comprised 40 minutes of lecture and 20 minutes of case-
based discussions, focusing on specific examples of counting 
errors that can occur before, during, and following surgery. The 
sessions were conducted in person by the researcher, and due 
to the challenges posed by the nature of nurses’ shift work, the 
training was divided into three sessions. 

Measurements 

General characteristics 
The demographic characteristics investigated in this survey in-
cluded sex, age, education level, total years of experience, years 
in the OR, position, work type, experience counting errors, and 
need for counting error education.  

Cause of counting errors 
We asked subjects what they thought were the causes of count-
ing errors. After a preliminary survey of nurses working in 
the OR, we were able to collect the following items: ‘time con-
straints,’ ‘pressure from the doctor,’ ‘insufficient knowledge,’ 

‘burden to make mistakes,’ and ‘excessive work,’ which we pre-
sented to the participants. 

Awareness of counting error prevention 
A tool developed by Park and Jang [4] and modified and sup-
plemented by Lee [14] was used to measure the awareness of 
preventing counting errors. The tool consisted of 29, 94, and 13 
questions before, during, and after surgery, respectively, total-
ing 136 questions in three subsections. The tool used a 4-point 
Likert scale ranging from 0 for “not at all important” to 4 for 
“very important,” and the distribution of scores ranged from 
a minimum of 0 to a maximum of 544, with higher scores in-
dicating greater awareness of preventing counting errors. The 
reliability of the tool was not published when it was developed, 
thus the exact reliability could not be confirmed. The Cronbach 
α was 0.99 in this study. 

Patient safety perception 
The patient safety perception measurement tool was the Hos-
pital Survey on Patient Safety developed by the Agency for 
Health Research and Quality [15], a healthcare management 
organization in the United States, translated by Kim et al. [16], 
and modified by Park et al. [17]. The instrument consisted of 
25 questions with five subscales: hospital environment (four 
questions), departmental work environment (eleven questions), 
communication and procedures (five questions), immediate 
supervisor/manager attitude (four questions), and departmen-
tal patient safety (one question). The tool used a 5-point Likert 
scale ranging from 1 (“not at all”) to 5 (“very much so”), and the 
distribution of scores ranged from 25 to 125, with higher scores 
indicating higher levels of patient safety awareness. The reliabil-
ity of the tool at the time of development was Cronbach α=0.82, 
and the reliability in this study was Cronbach α=0.94. 

Data collection 
The data collection period of this study was from October 1 to 
October 31, 2022. The pre-questionnaire was distributed in an 
envelope after completing the voluntary participation agree-
ment, and the questionnaire was returned in the envelope after 
completion. The post-training questionnaire was also distribut-
ed in an envelope, which was returned in a sealed envelope after 
being filled out. 

Data analysis 
The collected data were analyzed using the IBM SPSS/WIN 25.0 
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(IBM Corp.) program, and the specific analysis methods are as 
follows. 

1)  The general characteristics of the participants were ana-
lyzed using means, standard deviations, frequencies, and 
percentages. 

2)  The scores of the participants counting error prevention 
awareness and patient safety awareness were analyzed us-
ing the mean and standard deviation. 

3)  The paired t-test was used to compare the difference be-
tween pre- and post-education awareness and patient safe-
ty awareness.  

Ethical considerations  
The study was conducted after ethical review approval (No. 
GBIRB2021-480) from the research ethics committee of 
Gachon University Hospital located in Incheon City. Partici-
pants were informed of the relevance, purpose, benefits, and 
risks of the study; their autonomy to discontinue the study; the 
time required for training and questionnaire completion; and 
confidentiality of information. Participants were asked for their 
consent to participate in the study, and those who completed 
the questionnaire were provided with a token. 

All participant information used in this study was ano-
nymized with alphabetic and numeric characters. To enhance 
participant privacy, collected data were stored only on the 
personal computer of the principal investigator and encrypted 
so that only the principal investigator could access it. The data 
from this study were used only for the study and will be stored 
for 3 years after the completion of the study report before being 
destroyed to protect personal information. 

RESULTS 

General characteristics 
The general characteristics of the participants are shown in Ta-
ble 1. The average age of the participants was 26.93 years, and 
most were female (91.3%). In terms of education, 43 (93.5%) 
were 4-year graduates, and 30 (65.2%) were nurses with less 
than 3 years of overall clinical experience. Regarding OR expe-
rience, 33 (71.7%) had less than 3 years; generalist nurses were 
the most common with 42 (91.3%). Most nurses—42 (91.3%)—
worked shifts, and 25 (54.3%) had experience with counting 
errors. When asked about the need for miscount training, 30 
(65.2%) responded that it was very necessary and 16 (34.8%) 
responded that it was necessary. 

Table 1. General characteristics of participant (n=46) 
Characteristic Value
Age (yr) 26.93±5.74
Sex
 Female 42 (91.3)
 Male 4 (8.7)
Level of education
 College 3 (6.5)
 BSN 43 (93.5)
Total career (yr)
 <3 30 (65.2)
 3–5 8 (17.4)
 6–9 3 (6.5)
 >9 5 (10.9)
Experience of operation room (yr)
 <3 33 (71.7)
 3–5 6 (13.0)
 6–9 3 (6.5)
 >9 4 (8.7)
Position
 Staff nurse 42 (91.3)
 Charge nurse 4 (8.7)
Duty type
 Rotation duty 42 (91.3)
 Mid duty 4 (8.7)
Experience of counting error
 Yes 25 (54.3)
 No 21 (45.7)
Need for counting error education
 Very necessary 30 (65.2)
 Necessary 16 (34.8)

Values are presented as mean±standard deviation or number (%). The 
sum of the percentages does not equal 100% because of rounding.
BSN, bachelor of science in nursing.

Table 2. The cause of counting error in operating room nurses 
opinion (n=46) 
Category Value
Time shortage 20 (43.5)
Burden to make mistakes 5 (10.9)
By the pressure of the doctor 9 (19.6)
Insufficient of knowledge 7 (15.2)
Excessive work 5 (10.9)

Values are presented as number (%). The sum of the percentages does not 
equal 100% because of rounding.

Causes of counting errors according to the participants 
Table 2 shows the causes of counting errors according to the 
participants. Among the causes of counting errors, 20 partici-
pants (43.5%) indicated “time constraints,” followed by “pres-
sure from the doctor (nine participants, 19.6%),” “insufficient 
knowledge (seven participants, 15.2%),” “burden to make mis-
takes (five participants, 10.9%),” and “excessive work (five par-
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ticipants, 10.9%).” 

Awareness of counting errors prevention and perception 
of patient safety before and after education 
The pre- and post-training awareness and patient safety percep-
tions of the participants are shown in Table 3. The total score of 
the participants’ awareness of preventing counting errors before 
and after the training significantly increased from 500.76±51.56 
(mean 3.68±0.38) before the training to 537.11±16.13 (mean 
3.95±0.12) after the training (t=–5.07, P<0.001). Consider-
ing the differences in the subscale of awareness of preventing 
counting errors, the preoperative item increased significantly 
from 106.07±11.52 (rating mean 3.66±0.40) before education 
to 114.15±3.58 (rating mean 3.94±0.12) after training (t=–5.02, 
P<0.001), and the intraoperative items increased significant-
ly from 345.20±37.74 (mean 3.67±1.30) before training to 
371.00±11.03 (mean 3.95±0.12) after training (t=–4.95, P<0.001). 
The postoperative item significantly increased from 49.50±5.38 
(mean 3.81±0.41) pre-training to 51.96±2.30 (mean 4.00±0.18) 
post-training (t=–2.80, P=0.007). 

Participants’ perception of patient safety increased signifi-
cantly from 98.80±13.58 (mean 3.95±0.54) before the training 
to 104.91±14.36 (mean 4.20±0.57) after the training (t=–2.68, 
P=0.010). 

DISCUSSION 

Counting errors in the OR still occur, albeit less frequently than 
in the past, and are a medical error that can adversely affect 
patient outcomes. However, the exact incidence and cases of 
medical errors, including counting errors, are not shared due to 
hospital evaluation, patient safety concerns, and blame on indi-
viduals [18], and effective education on counting errors remains 
lacking. Therefore, to reduce the incidence of these errors and 
increase awareness of patient safety, this study was conducted 
to develop an education program on the prevention of counting 
errors and to determine its effectiveness after applying it to OR 

nurses. 
The results of this study showed a significant increase in the 

participants’ awareness of counting error prevention before and 
after training and a significant increase in each subdomain. 
Patient safety awareness also increased significantly from pre- 
to post-training. Based on these findings, this study indicates 
that the education of OR nurses on counting error prevention 
is beneficial for positive changes in awareness of counting error 
prevention and patient safety perceptions. 

Given that the error prevention education used in this study 
was developed and applied by the developers, referring to the 
guidelines for error prevention in the OR by Park and Jang [4], 
direct comparison is difficult due to the lack of previous studies. 
That said, this study shall be compared to previous studies on 
error prevention activities for OR nurses and studies that mea-
sured patient safety awareness among nurses. 

The participants’ awareness of counting error prevention was 
3.68±0.38 before training, which was somewhat lower than the 
mean of 3.89±0.20 in a study by Lee [14] that measured the 
awareness of counting error prevention among OR nurses. This 
difference may be due to the difference in clinical experience 
since only 28.2% of the nurses in the previous study had less 
than 3 years of experience, compared to 65.2% in this study. As 
such, education on counting error prevention should be special-
ized by years of experience, and education should be focused on 
those with less than 3 years of experience. 

The participants’ awareness of preventing counting errors 
increased significantly from 3.68±0.38 points before the train-
ing to 3.95±0.12 points after the training. Although accurate 
comparisons are difficult to make due to the lack of studies in 
Korea verifying the effectiveness of preventing counting errors, 
this study likely proved the effectiveness of preventing counting 
errors. Miscalculation is a medical error that causes fatal com-
plications and deaths in surgical patients, thus subsequent stud-
ies should be conducted to verify the effectiveness of improving 
awareness of miscalculation prevention through education, as 
well as the reduction in the actual incidence of miscalculation 

Table 3. Differences of counting error prevention awareness, patient safety perception before and after education (n=46) 
Variable Pre-education Post-education t (P)
Counting error prevention awareness 500.76±51.56 (3.68±0.38) 537.11±16.13 (3.95±0.12) –5.07 (<0.001)
 Preoperation 106.07±11.52 (3.66±0.40) 114.15±3.58 (3.94±0.12) –5.02 (<0.001)
 Intraoperation 345.20±37.74 (3.67±1.30) 371.00±11.03 (3.95±0.12) –4.95 (<0.001)
 Postoperation 49.50±5.38 (3.81±0.41) 51.96±2.30 (4.00±0.18) –2.80 (0.007)
Patient safety perception 98.80±13.58 (3.95±0.54) 104.91±14.36 (4.20±0.57) –2.68 (0.010)

Values are presented as mean±standard deviation of total score (mean score).
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through various education programs [4]. 
Furthermore, since this study was conducted only in one 

medical center and the education was delivered in a lecture 
format by the researcher, the effectiveness of education for the 
prevention of counting errors must be verified through various 
educational formats using simulations and multicenter studies 
in the future. 

When looking at the difference in scores by subsection of 
the awareness of counting error prevention by training, the 
preoperative item had the largest difference in score. This sug-
gests that there was a lack of training on the steps to verify the 
counting of pre-operative items and pre-operative preparation 
in general. As such, education must be provided to OR nurses 
focusing on preoperative nursing care, counting, and overall 
surgical preparation, and further studies should be conducted 
to verify the effectiveness of education in preventing preopera-
tive counting errors. 

The biggest problem with OR counting errors is the com-
plications associated with retained foreign bodies in the body 
cavity. According to previous studies, it takes an average of 2.2 
years for a foreign body to be detected after surgery, and the 
main complications are intestinal adhesions, abscesses, and 
fistula formation, and the mortality rate associated with foreign 
body retention is reported to be 11% to 35% [19,20]. Based on 
these previous studies, changes in the awareness of counting er-
ror prevention among OR nurses are directly related to patient 
safety issues, which are also linked to patient prognosis and 
survival. Therefore, although many hospitals in Korea conduct 
training, various societies and organizations, including the 
Hospital Surgical Nurses Association, should strive to improve 
the knowledge and awareness of OR nurses on counting error 
prevention through improved guidelines and regular education 
on counting error prevention.  

In this study, we investigated the patient safety awareness of 
the participants, and the mean patient safety awareness before 
the training was 3.95±0.54. This was higher than the score of 
3.33±0.39 in the study by Park et al. [17] on OR nurses, and 
higher than the score of 3.42±0.30 in the study by Kim and Kim 
[21] on general hospital nurses. Comparing the results of the 
present study with the two previous studies, educational levels 
differed, although the clinical experience was similar; 69.5% of 
the nurses in Park et al.’s study [17] were 3-year graduates, and 
61.2% in Kim and Kim’s study [21] were 3-year graduates, com-
pared to 6.5% in this study. However, given that the educational 
level of the participants in the previous study was reported as 

3.23±0.22 by Im and Park [22], where 36.1% were 4-year grad-
uates and 63.9% had a master’s degree or higher, distinguishing 
between 3 and 4 years of education is complicated. Further 
research is needed to identify factors that affect patient safety 
perceptions by controlling these variables. 

The patient safety awareness of the participants increased 
significantly from 3.95±0.54 before training to 4.20±0.57 after 
training, indicating that patient safety awareness was improved 
by the prevention of counting errors. Considering that pre-
vious studies have reported that counting and counting error 
prevention are crucial for patient safety [9,23,24], the counting 
error prevention education conducted in this study may have 
improved the patient safety awareness of OR nurses. 

Previous studies that measured patient safety awareness by 
providing nurses with medication education for patient safety 
and education on nursing error cases have shown that various 
topics can positively change nurses’ patient safety awareness 
[11,13]. However, education on the topic of patient safety 
awareness is lacking. As such, further research on developing 
such a curriculum and verifying its effectiveness is required. 

In a systematic review of patient safety-related educational 
programs to improve patient safety awareness on nursing stu-
dents, Seo et al. [25] recommended that patient safety education 
should include content on adverse events, safety risks, coping, 
communication, safety culture, teamwork and cooperation, 
clinical safety, safety systems or informatics, and other knowl-
edge related to patient safety. Various educational methods—
such as lectures, simulations, problem-based learning, small 
group lectures, group discussions, and watching video cases—
were also recommended. A previous study that developed 
a practical education program on patient safety for surgical 
nurses reported that education in six practical areas, including 
medication knowledge, suctioning, drainage tube management, 
oxygen administration, etc., contributed to enhancing aware-
ness of patient safety [13]. There was no research conducted on 
educating OR nurses about patient safety in Korea. However, 
in other countries, there was an emphasis on improving patient 
safety through enhancing teamwork with surgeons [26]. In an-
other previous study, education on four different areas, includ-
ing safe surgical techniques, industrial safety, safety manage-
ment theory, and medical information security, was conducted 
using various methods such as lectures, case-based learning, 
and group discussions. This study reported that a duration of 4 
to 8 hours of education was considered appropriate [27]. Based 
on these previous studies, developing a systematic education 
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program for patient safety targeting OR nurses, considering 
various topics, educational delivery methods, and appropriate 
timing, is recommended. 

This study asked the OR nurses who participated in the study 
about the causes of counting errors in their opinion, and the 
most common cause was “Time shortage” (43.5%), followed 
by “Due to pressure from the doctor” (19.6%) and “Insufficient 
of knowledge” (15.2%). These results indicate that time to per-
form pre-operative, intra-operative, and post-operative counts 
is insufficient compared to the recent increase in the number 
of surgeries. Medical centers should consider Providing ample 
time for surgeries and ensuring that counts are performed effi-
ciently to ensure patient safety and prevent coding errors. Fur-
thermore, in a previous study by Kwon et al. [28] that compared 
physicians’ and nurses’ perceptions of miscalculation and pa-
tient safety, the nurses’ perception of miscalculation was signifi-
cantly higher than the physicians’ perception of miscalculation. 
This result suggests that perceptions of miscalculations can be 
enhanced through communication and cooperation between 
nurses and physicians.  

Given that this study was conducted in a single medical insti-
tution using convenience sampling, the results of the study can-
not be generalized. Furthermore, since the method of education 
involved lecturing by the researchers, it was difficult to assess 
and evaluate the participants’ understanding of the educational 
contents and its practical applicability in real-world settings. 
Additionally, since the education was provided in one session 
that was about 60 minutes long, it was difficult to gauge the ap-
propriateness of the duration of the education. Therefore, veri-
fying the effectiveness of error-prevention education with more 
than one session using various educational methods, including 
repeated sessions, simulations, practical training, and multi-in-
stitutional research, rather than a single institution for future 
follow-up studies is imperative. Because this was a single-group 
study without a control group, observing differences in the ef-
fect of education between groups. Therefore, future follow-up 
studies should consider establishing control groups to explore 
ways to assess the effectiveness of education objectively. Addi-
tionally, although this study focused solely on education regard-
ing error prevention among OR nurses, future research should 
consider developing education programs for error prevention, 
as well as enhancing patient safety awareness. Such an approach 
could have a positive impact on patient safety and outcomes. 

Finally, the results of this study showed that both the level of 
awareness of prevention of counting errors and patient safety 

awareness were significantly improved before and after the 
prevention education. The causes of counting errors were inves-
tigated, and the main causes were discussed. However, there are 
several limitations that impact the generalizability of the study 
findings. Firstly, limitations due to the single-arm pre-post 
study design are present. Therefore, an randomized controlled 
trial study design should be considered for further evaluation 
of effectiveness. Secondly, this study did not measure the long-
term effects of a single training session. Therefore, measuring 
the long-term effects of various training methods is crucial. 
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INTRODUCTION 

Background 
South Korea had a very high smartphone penetration rate in 
2023, with 95.7% of Korean adolescents owning smartphones 
[1]. Adolescents have low control and high impulsivity, mak-
ing them vulnerable to addiction, and their risk of smartphone 
overdependence is 40.1%, higher than that of adults and chil-
dren [2]. 
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Abstract 
Background: This study aimed to determine the mediating role of loneliness in the relationship between anxiety and smartphone 
overdependence among Korean adolescents. 
Methods: This national cross-sectional secondary study used data from the 16th (2020) Korea Youth Risk Behavior Survey. The sam-
ple comprised 54,948 adolescents in middle and high schools. The mediating effects were analyzed using the procedure of Baron and 
Kenny and the Sobel test. 
Results: Anxiety impacted both loneliness and smartphone overdependence (P<0.001). Additionally, loneliness was identified as a 
factor influencing smartphone overdependence (P<0.001). Loneliness demonstrated a statistically significant mediating effect in the 
relationship between anxiety and smartphone overdependence (P<0.001). 
Conclusions: It was concluded that smartphone overdependence increases with the heightened maladaptive emotions of adolescents, 
such as anxiety and loneliness. These findings confirmed the mediating role of loneliness in the relationship between anxiety and 
smartphone overdependence. 

Keywords: Loneliness, Anxiety, Internet addiction disorder, Adolescent health, Problem behavior  

Smartphone overdependence poses more severe problems in 
adolescents than in adults. Using smartphones for a long time in 
poor postures leads to unbalanced physical growth [3]. Further-
more, it affects brain development, causing distractions, lack 
of attention, and impulsive behavior [4]. There is also a high 
risk of exposure to harmful stimuli such as pornography and 
dangerous situations such as cyberbullying [5]. Individuals with 
addiction are more likely to be addicted to another behavior if 
they are addicted to one behavior [6,7]. 



Anxiety is highly associated with overdependence and addic-
tion [8,9]. Studies have shown that individuals with high levels 
of anxiety use smartphones to check social media feeds more 
frequently and that the emotional state of adolescents is a risk 
factor for smartphone addiction [5,10]. Thus, it can be expected 
that individuals with high anxiety levels are using smartphones 
excessively to alleviate anxiety, unlike those with low anxiety 
levels [11]. Therefore, gaining a comprehensive understanding 
of the variables affecting smartphone overdependence and iden-
tifying various ways to prevent smartphone overdependence of 
adolescents with high anxiety are possible by investigating the 
mediators between anxiety and smartphone overdependence. 

Loneliness is an emotion that most individuals experience 
as a lack of belonging in social relationships [12]. However, as 
with anxiety, anyone experiencing more loneliness is likely to be 
dependent on or addicted to something [13]. In the life cycle, 
adolescence is a period in which there is a very high need for 
belonging and intimacy [14], which are not all fulfilled; there-
fore, one experiences much loneliness [15]. Because one can 
interact with others anytime and anywhere using smartphones, 
adolescents use smartphones to build and maintain social rela-
tionships [16]. Therefore, it can be assumed that adolescents use 
smartphones as a medium to overcome loneliness, and loneli-
ness can be expected to amplify smartphone overdependence 
even more. 

However, in prior studies that explored loneliness, anxiety, 
and smartphone overdependence among adolescents, only 
connections among these variables were recognized. Finding 
studies that systematically examined the mediating role of lone-
liness in the relationship between anxiety and smartphone over-
dependence is difficult [8-11,16]. Therefore, this study aimed 
to contribute to the conception of specific and expanded pre-
vention and intervention strategies for smartphone addiction in 
adolescents by examining the effect of anxiety on smartphone 
overdependence through loneliness as a mediator. 

Conceptual framework of the research 
Based on the mediating effect model [17], the conceptual 
framework of this study was developed with the assumption 
that anxiety in adolescents affects their smartphone overdepen-
dence through the mediating role of loneliness (Fig. 1). 

METHODS 

Research design 
This descriptive analysis used secondary data from the 16th 
(2020) Korea Youth Risk Behavior Survey (KYRBS) [18] to ex-
amine the mediating effects of loneliness on the association be-
tween anxiety and smartphone overdependence among Korean 
adolescents. 

Participants 
The KYRBS is an anonymous, self-administered online survey 
conducted among middle to high school students to gain in-
sights into the health behavior of Korean youth. This govern-
ment-approved statistical survey (approval number: 117058) 
has been conducted annually since 2005. The 16th KYRBS [18] 
was conducted involving students from 400 middle schools and 
400 high schools. In total, 54,948 students from 793 schools (398 
middle schools and 395 high schools) were surveyed (response 
rate=94.9%). Among the sample students, long-term absences, 
children with special needs who could not participate in the 
survey independently, and students with text-reading disabili-
ties were excluded. The data collection period was from August 
2020 to November 2020.  

Measures  

Smartphone overdependence 
The smartphone overdependence scale was used to assess the 
degree of smartphone overdependence among the adolescent 

Anxiety

Anxiety Smartphone 
overdependence

Smartphone 
overdependence

Loneliness

B=0.366, P<0.001

B=0.072, 
P<0.001

B=0.640, 
P<0.001

B=0.320, P<0.001

Fig. 1. Mediation model for anxiety, loneliness, and smartphone overdependence in Korean adolescents.

30 https://doi.org/10.15384/kjhp.2024.00038

Jaeyoung LEE The Mediating Effect of Loneliness



participants. A questionnaire was developed to measure smart-
phone overdependence among South Korean youth, adults, 
and seniors [19-21]. The questionnaire comprises 10 items. 
Responses are based on a 4-point scale: 1=“strongly disagree” to 
4=“strongly agree.” The total scores ranged from 10 to 40. The 
higher the score, the more severe the overdependence on smart-
phones [19]. Cronbach’s α during survey development was 0.84 
[21], and 0.92 in this study. 

Anxiety 
The Generalized Anxiety Disorder-7 (GAD-7) comprises a 
self-report questionnaire that allows for the rapid detection of 
GAD [22]. The subjects were asked whether they were bothered 
by anxiety-related problems over the past 2 weeks by answering 
seven items on a 4-point scale. The total scores ranged from 0 
to 21 [22]. Cronbach’s α was 0.92 in the previous study [22] and 
0.90 in this study. 

Loneliness 
The question “How often have you felt lonely during the last 12 
months?” was answered on a 5-point scale (5=always feeling 
lonely to 1=not feeling lonely at all). 

Covariates 
Twelve covariates were included in the analysis, including so-
cioeconomic status, problem behavior, and mental health vari-
ables [23-27]. 

1)  Socioeconomic variables included sex, age, perceived eco-
nomic status, perceived academic performance, and body 
mass index (BMI) (kg/m2). 

2)  Problem behavior variables included drug, drinking, and 
smoking experiences. 

3)  Mental health variables included perceived stress, sleep 
satisfaction, depressive symptoms, and suicidal ideation. 

Data analysis 
The KYRBS comprises complex data, which were analyzed 
based on complex sampling design and strata, cluster, weight, 
and finite population correction provided by the Korea Disease 
Control and Prevention Agency (KDCA) [18]. The analysis 
was performed using IBM SPSS Statistics 25.0 (IBM Corp.). A 
P-values <0.05 were used to denote statistical significance. 

Data were analyzed according to the following steps. First, 
anxiety, loneliness, and smartphone overdependence were an-

alyzed using complex sample descriptive statistics. Second, the 
relationship among the respondents’ anxiety, loneliness, and 
smartphone overdependence was analyzed using the complex 
sample general linear model. Third, the mediating effects of 
loneliness on the relationship between anxiety and smartphone 
overdependence were analyzed using the three-step mediated 
effect validation procedure of Baron and Kenny [28] and the 
Sobel test [29] with the complex sample general linear model. 
The analysis was adjusted for covariate variables. 

Ethical considerations  
The KYRBS is a government-approved statistical survey con-
ducted annually in Korea since 2005 (approval no. 117058) [18]. 
This study obtained data from the survey website (https://www.
cdc.go.kr/yhs) according to the regulations of the KDCA. This 
study involved secondary data analysis and, therefore, was ex-
empt from institutional review board approval.

RESULTS 

General characteristics 
Table 1 shows the general characteristics of the study partici-
pants included in this study. The study included 51.9% males 
and 48.1% females, with a mean age of 15.19 years. The mean 
BMI was 21.50 kg/m2. Regarding economic status, 47.5% were 
medium. Regarding subjective academic performance, 30.1% 
were medium. Furthermore, 0.8% of the students had drug 
experience, 33.4% had drinking experience, and 10.2% had 
smoking experience. Depressive symptoms were reported by 
25.2% of the respondents, and suicidal ideation was reported by 
10.9%. Regarding sleep satisfaction, 33.7% were medium, and 
regarding perceived stress, 44.4% were medium. 

Anxiety, loneliness, and smartphone overdependence 
The anxiety score was 3.94, the loneliness score was 2.41, and 
the smartphone overdependence score was 18.60. The risk of 
anxiety was 11.2%. The risk of smartphone overdependence 
was 25.5% (Table 2). 

Relationship between anxiety, loneliness, and smartphone 
overdependence 
Anxiety showed a significant association with loneliness (B=0.13, 
P<0.001); loneliness (B=1.52, P<0.001) and anxiety (B=0.45, 
P<0.001) both affected smartphone overdependence (Table 3). 
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Table 1. General characteristics in Korean adolescents (N=54,948) 
Variable Category Subject (n) Weighted % Mean SE
Sex Males 28,353 51.9

Females 26,595 48.1
Age (yr) (n=54,809) 15.19 0.023
Body mass index (kg/m2) (n=53,534) 21.50 0.029
Perceived economic status Very high 6,039 11.3

High 15,300 28.6
Middle 26,397 47.5
Low 5,937 10.4
Very low 1,275 2.2

Subjective academic performance Very high 6,736 12.2
High 13,410 24.7
Middle 16,585 30.1
Low 12,684 23.0
Very low 5,533 10.0

Drug experience No 54,543 99.2
Yes 405 0.8

Drinking experience No 36,591 66.6
Yes 18,357 33.4

Smoking experience No 49,318 89.8
Yes 5,630 10.2

Depressive symptoms No 41,108 74.8
Yes 13,840 25.2

Suicidal ideation No 48,969 89.1
Yes 5,979 10.9

Sleep satisfaction Very satisfied 5,582 9.9
Satisfied 11,242 20.4
Neutral 18,656 33.7
Dissatisfied 13,481 24.8
Very dissatisfied enough 5,987 11.2

Perceived stress Very low 2,018 3.6
Low 9,889 17.8
Middle 24,379 44.4
High 14,059 25.9
Very high 4,603 8.3

SE, standard error.

Table 2. Anxiety, loneliness, and smartphone overdependence in Korean adolescents (N=54,948) 
Variable Category (score) n (weighted %) Mean SE Range
Anxiety 3.94 0.031 0–21

Risk group (10–21) 6,099 (11.2)
Low risk group (0–9) 48,849 (88.8)

Loneliness 2.41 0.007 1–5
Smartphone overdependence 18.60 0.043 10–40

Overdependence group (23–40) 13,775 (25.5)
Normal group (0–22) 41,173 (74.5)

SE, standard error.

Mediating effect of loneliness on the relationship between 
anxiety and smartphone overdependence 
In this study, the independent variable was anxiety, the media-
tor was loneliness, and the dependent variable was smartphone 

overdependence. Twelve control variables were used to adjust 
for differences in smartphone overdependence according to the 
respondents’ general characteristics (Table 4, Fig. 1). 

The assumption of the regression analysis was verified by 
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multiple regression before verifying the mediating effect, and 
the effect of the independent variable, parameter, and control 
variables on smartphone overdependence was analyzed. 

The first step of the analysis showed that anxiety had a sig-
nificant effect on loneliness (B=0.072, P<0.001). The results of 
the second step showed that anxiety had a significant effect on 
smartphone overdependence (B=0.366, P<0.001). The third step 
showed that loneliness had a significant effect on smartphone 
overdependence (B=0.640, P<0.001). Furthermore, anxiety had 
a significant mediating effect on smartphone overdependence 
(B=0.320, P<0.001), with a partial mediating effect. Moreover, 
the Sobel test had a statistically significant result (Z=19.270, 
P<0.001). 

DISCUSSION 

This study established and verified the relationship between 
anxiety and smartphone overdependence mediated by loneli-
ness as a theoretical model. 

Anxiety and loneliness affected smartphone overdependence. 
These findings are consistent with those of previous research, 
which found that various emotions experienced during adoles-
cence, such as anxiety and loneliness, affect the problematic use 
of media such as smartphones. Individuals with psychological 
issues, such as anxiety or loneliness, overuse cyber media or 
technological devices such as smartphones [30,31]. These ad-

dictions to media and technology cause other problems, such as 
physical injury or cognitive impairment, leading to dangerous 
health consequences, such as suicidal ideation [31,32]. In sev-
eral studies, users with high smartphone dependence showed 
increased anxiety, nervousness, and depression when separated 
from smartphones [30,33]. Thus, if adolescents’ maladaptive 
emotions are not resolved and lead to smartphone overdepen-
dence, it could result in a vicious cycle that leads to other health 
problems and increased maladaptive emotions such as anxiety 
and restlessness. Therefore, a system that can closely monitor 
the emotional state of adolescents should be established. 

During the COVID-19 (coronavirus disease-19) pandem-
ic, psychological and emotional problems, including anxiety, 
loneliness, and depression caused by COVID-19, increased 
among adolescents [34]. Negative emotions, such as anxiety and 
loneliness, may have persisted for many years because of so-
cial distancing, which may have further increased smartphone 
dependence. Therefore, identifying the potential risk group 
expected to have a high degree of anxiety and loneliness is nec-
essary. Smartphone overdependence risk groups should also be 
screened. In South Korea, diagnostic tests are currently being 
performed for the early detection of mental health problems 
in children and adolescents. However, the tests are conducted 
only in some mental health centers and mainly for individuals 
suspected to be at a high risk, which is hardly considered a 
comprehensive solution [35]. Therefore, accessible school-wide 

Table 3. Relationship between anxiety, loneliness, and smartphone overdependence in Korean adolescents (N=54,948) 
Variable

R2 Wald F (P) B SE t (P a)
Independent Dependent

Anxiety Loneliness 0.282 12,433.10 (<0.001) 0.13 0.001 111.50 (<0.001)
Loneliness Smartphone overdependence 0.067 3,292.42 (<0.001) 1.52 0.027 57.38 (<0.001)
Anxiety Smartphone overdependence 0.096 3,986.59 (<0.001) 0.45 0.007 63.14 (<0.001)

SE, standard error.
aComplex sample general linear model.

Table 4. Mediating effect of loneliness on the relationship between anxiety and smartphone overdependence (N=54,948) 
Variable B SE t (P a) R2 Wald F (P)
Step 1. Anxiety → loneliness 0.072 0.001 54.89 (<0.001) 0.371 1,913.07 (<0.001)
Step 2. Anxiety → smartphone overdependence 0.366 0.009 41.16 (<0.001) 0.124 464.66 (<0.001)
Step 3. Anxiety, loneliness → smartphone overdependence
 1) Anxiety → smartphone overdependence 0.320 0.009 35.58 (<0.001) 0.131 458.44 (<0.001)
 2) Loneliness → smartphone overdependence 0.640 0.032 19.98 (<0.001)
Sobel test Z=19.270, P<0.001

SE, standard error.
aComplex sample general linear model with the following covariates: sex, age, perceived economic status, perceived academic performance, body mass 
index, drug/drinking/smoking experiences, perceived stress, sleep satisfaction, depressive symptoms, suicidal ideation.
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screenings must be established to identify potential risk groups 
for mental health issues and smartphone use among adoles-
cents. 

In this study, adolescents’ anxiety affected smartphone over-
dependence through the mediation of loneliness. In particular, 
the higher the anxiety, the greater the loneliness, and the higher 
the level of smartphone overdependence. This result suggests 
that when assisting adolescents suffering from anxiety, closely 
examining their loneliness levels and exploring the effects of 
the degree of loneliness on smartphone overdependence are 
necessary. Anxiety is a psychological response that protects 
an individual against danger and threat and a personality trait 
that forms over many years from the beginning of life [36,37]. 
During adolescence, anxiety is frequent because of sudden 
physical changes and development, and decreasing anxiety 
levels in adolescents through short-term intervention or coun-
seling is challenging [36-38]. In contrast, loneliness is relatively 
easier to manage through emotional reflection and counseling 
relationships than anxiety [39]. Improving unstable family or 
peer relationships and reducing the loneliness of adolescents 
during the time in life when one is most dependent on peers are 
possible [40]. 

The results of this study suggest that if adolescents complain-
ing of smartphone overdependence experience anxiety, seeking 
specific interventions and solutions that can alleviate loneliness 
along with measures to intervene for anxiety is practical. The 
findings indicate that managing anxiety in adolescents with 
smartphone overdependence necessitates specific interventions 
directed at alleviating both loneliness and anxiety. This compre-
hensive approach can guide practical solutions for adolescents 
dealing with smartphone overdependence. 

This study has limitations and suggests directions for future 
research. First, the cross-sectional nature of the data prevents 
the establishment of clear causal relationships between variables 
[41]. Longitudinal analyses in subsequent studies are essential 
to determine significant causal directions. Second, breaking 
down maladaptive emotions for a more detailed examination is 
recommended. Anxiety [42] and loneliness [43] can manifest 
in various forms. Therefore, future studies should perform a 
nuanced evaluation of emotions to identify specific aspects of 
anxiety and loneliness associated with smartphone addiction. 

Despite its limitations, this study can help establish a psy-
chological framework to predict smartphone overdependence 
among adolescents. This study offers insights into the risk fac-
tors associated with smartphone overdependence in this age 

group. This study confirmed that the maladaptive emotions of 
adolescents, such as anxiety and loneliness, are associated with 
smartphone overdependence. Furthermore, because loneliness 
mediates anxiety in adolescents, it was established that loneli-
ness should be mediated together when intervening in smart-
phone overdependence of adolescents with high anxiety levels 
in the future. 
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INTRODUCTION 

University students experience acute and chronic stress during 
their developmental transition to adulthood [1,2], including ac-
ademic pressure, peer influence, financial concerns, time man-
agement, and interpersonal relationships [3-6]. Stress during 
college or early adulthood has been linked to physical and men-
tal health problems [7-9]. 

One response to stress is the secretion of cortisol from the 
adrenal cortex at the end of the hypothalamic-pituitary-adre-

Factors Affecting Perceived Stress-Cortisol Responses in 
Young Adults 
Shinae SEO, PhD(c), RN1,2, Chun-Ja KIM, PhD, RN2, Hee Sun KANG, PhD, RN3,  
Elizabeth A. SCHLENK, PhD, RN, CNL, FAAN4 

1School of Nursing, University of Virginia, Charlottesville, VA, USA 
2College of Nursing and Research Institute of Nursing Science, Ajou University, Suwon, Korea 
3Red Cross College of Nursing, Chung-Ang University, Seoul, Korea 
4School of Nursing, University of Pittsburgh, Pittsburgh, PA, USA 

Original Article
Korean J Health Promot 2024;24(1):37-46
pISSN: 2234-2141 • eISSN: 2093-5676
https://doi.org/10.15384/kjhp.2024.00031

Received: January 23, 2024; Revised: March 8, 2024; Accepted: March 13, 2024 
Corresponding author: Chun-Ja KIM, PhD, RN 
College of Nursing and Research Institute of Nursing Science, Ajou University, 164 World cup-ro, Yeongtong-gu, Suwon 16499, Korea 
Tel: +82-31-219-7017 Fax: +82-31-219-7020 E-mail: ckimha@ajou.ac.kr  

Abstract 
Background: This study examined the distribution of stress-cortisol responses and risk factors affecting perceived stress and cortisol 
responses among 187 university students in South Korea. 
Methods: Perceived stress, depressive symptoms, and health-promoting lifestyle were assessed using structured questionnaires. Blood 
analyses and anthropometrics were used to determine cortisol and cardiometabolic risks. Multinomial logistic regression analysis was 
used to examine the factors affecting stress-cortisol responses. 
Results: Four groups of stress-cortisol responses were found, including normal (39.0%), high stress (34.8%), high stress-cortisol 
(13.9%), and high cortisol group (12.3%). Age, systolic blood pressure, high-density lipoprotein cholesterol, depressive symptoms, and 
physical activity were associated with stress-cortisol responses. 
Conclusions: Multidimensional interventions are needed to reduce stress levels and promote normal stress-cortisol responses.
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nal (HPA) axis, the pathway of the stress-hypothalamus-pitu-
itary-adrenal cortex. This pathway is a major stress response 
system that maintains homeostasis during stress [10,11]. Corti-
sol is a major steroid hormone essential for human survival and 
a well-known key indicator of stress [12]. The results of previous 
studies on stress-cortisol responses have been inconsistent, and 
it remains unclear how cortisol responds to stress in different 
situations [13,14]. In light of the results from previous studies 
that stress-cortisol responses appear differently depending on 
physical, psychological, and lifestyle factors, this study con-



sidered how these factors may affect stress-cortisol responses 
among university students.  

Background  
Cardiometabolic risks can lead to cardiovascular diseases and 
type 2 diabetes [15]. Increased stress and cortisol levels are 
significantly linked to cardiometabolic risk factors for cardio-
vascular diseases and metabolic syndrome. Dysregulation of 
the HPA axis increases cortisol levels in the blood, resulting in 
increased glucose and insulin levels, the emergence of insulin 
resistance, and the promotion of dyslipidemia, hypertension, 
and visceral adiposity [10,16-18]. While cardiometabolic risks 
may be related to stress-cortisol responses in university students, 
scarce information exists on the relationship between stress-cor-
tisol responses and cardiometabolic risks among university stu-
dents. 

Depressive symptoms are the predominant mental health 
problem among university students, where about 30% to 40% 
experience depressive symptoms [19], and the prevalence of 
depressive symptoms are increasing [20]. Stress is a well-known 
risk factor for depressive symptoms [7,21], which predicts 
steeper cortisol reactivity and recovery [22]. Several studies on 
the relationships between cortisol levels, perceived stress, and 
depressive symptoms have used hair or salivary cortisol [23,24]. 
However, few studies have discussed the relationship between 
stress-cortisol responses and depressive symptoms among uni-
versity students using plasma cortisol. 

Stress-cortisol responses might differ depending on individu-
als’ health-related lifestyle behaviors. For example, young adults, 
transitioning to university life, often adopt unhealthy habits [25] 
such as poor dietary choices [26-28], alcohol consumption, and 
smoking [29,30]. These maladaptive health behaviors in young 
adults are related to stress [31]. Moreover, psychological stress 
was associated with healthy lifestyle behaviors among university 
students [32,33]. However, little is known about the association 
between stress-cortisol responses and healthy lifestyle behaviors, 
such as health responsibility, physical activity, nutrition, stress 
management, interpersonal relationships, and spiritual growth. 

While stress and its health implications garner scientific in-
terest, most studies on stress-cortisol responses have focused 
on acute stress based on laboratory stimuli [13] and primarily 
focused on the linear relationship between stress and cortisol. 
It is essential to capture the subtle interplay more accurately 
between stress and cortisol responses. To enhance specificity, 
therefore, this study examined (a) the distribution of perceived 

stress and cortisol responses among university students, and 
(b) physical (cardiometabolic risks), psychological (depressive 
symptoms), and lifestyle (health-promoting lifestyle behaviors) 
factors affecting stress-cortisol responses (Fig. 1). 

METHODS 

Design 
This study was a secondary analysis of survey data conducted 
during the general health check-up for Korean college students. 

Sample and setting 
The setting was the Ajou University Hospital in Suwon, South 
Korea. Recruitment of participants occurred through a notice 
posted on a university healthcare center bulletin board from 
March 2015 to February 2017 [2]. Participants were instructed 
to avoid consuming caffeine, alcohol, or dairy products after 
7 PM on the day before cortisol sampling. Clinical laboratory 
measurements and questionnaires were used to collect the data. 
Using the G*Power version 3.1.9.7 (Heinrich Heine University, 
Düsseldorf, Germany), a sample size of 208 was required based 
on a medium effect size (odds ratio=1.5) and a power of 80% 
using 95% confidence interval (CI) tests for logistic regression 
analysis. Among the 208 eligible students, data from 187 stu-
dents were included in the analyses. Twenty-one individuals 
who had been prescribed medications to lose weight and those 
with chronic morbidity or major depression were excluded.  

Measures  

Stress (subjective and objective) 
Perceived stress 
The 10-item Perceived Stress Scale (PSS) [34] was used to as-
sess the global level of stressful life situations and circumstances 

Physical factor
Cardiometabolic 

risks

Stress-Cortisol response
Stress and cortisol

Psychological 
factor

Depressive 
symptoms

Lifestyle factor
Health-promoting 
lifestyle behaviors

Fig. 1. Conceptual framework of this study.
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during the past month. The PSS measures the degree to which 
respondents find their lives overwhelming, uncontrollable, and 
unpredictable by asking them to respond on a 5-point Likert 
scale ranging from 0 (never) to 4 (very often), with higher scores 
indicating greater psychological stress. Total scores range from 
0 to 40 and are calculated by summing the scores of all items. 
Items 4, 5, 7, and 8 are reverse scored. PSS scores >20 were con-
sidered as the high stress group. Cronbach’s alpha coefficient 
was 0.83. 

Cortisol 
Clinical laboratory measurement of afternoon cortisol was 
evaluated through ethylenediaminetetraacetic acid-plasma at 
the central laboratory of a university-affiliated hospital. Cortisol 
levels were assessed by electro-chemiluminescence immunoas-
say using an automatic analyzer (Toshiba TBA 200FR; Toshiba 
Medical Systems Co. Ltd., Tokyo, Japan). In this study, normal 
values of plasma cortisol were considered as 1.8–12.7 µg/dL. 

Cardiometabolic risk 
Cardiometabolic risk was assessed using blood sample analysis 
and anthropometrics. Overnight fasting blood samples were col-
lected from the antecubital veins. Fasting plasma glucose (FPG) 
was assessed through the enzymatic reference method with 
hexokinase, and lipid profiles, including triglycerides (TGs) and 
high-density lipoprotein cholesterol (HDL-C), were assessed 
by enzymatic colorimetric assay using an automatic analyzer 
(COBAS C702 Auto Analyzer; Roche Diagnostics Systems Ltd., 
Basel, Switzerland). A trained nurse gauged waist circumfer-
ence (WC) at the central position between the 12th rib and the 
iliac crest. Body mass index (BMI) was calculated as weight in 
kilograms divided by height in meters squared (kg/m2). Blood 
pressure (BP) was measured after a 5-minute rest in a sitting 
position using an automatic sphygmomanometer (HEM-7210; 
OMRON, Kyoto, Japan). 

Depressive symptoms 
Depressive symptoms were assessed using the Center for Epi-
demiologic Studies Depression Scale (CES-D) [35]. The CES-D 
is a self-report 20-item scale that asks respondents to rate how 
often, over the past week, they have experienced depressive 
symptoms such as restless sleep, poor appetite, and feeling lone-
ly. Items are responded to using a 4-point Likert scale ranging 
from 0 (rarely or none) to 3 (most or all the time, 5–7 days). 
Total scores range from 0 to 60 and are generated by summing 

the scores of all items. Higher scores indicate higher levels of 
depressive symptoms. A CES-D cutoff score of 16 has been used 
to indicate significant depressive symptomatology [36]. Cron-
bach’s alpha coefficient was 0.90. 

Health-promoting lifestyle behaviors 
The Korean version of the Health Promoting Lifestyle Profile 
II (HPLP II) [37,38] was used to measure health-promoting 
lifestyle behaviors. The six subscales include interpersonal re-
lationships, nutrition, health responsibility, physical activity, 
stress management, and spiritual growth. The HPLP II consists 
of 52 items with response options on a 4-point Likert scale 
ranging from 1 (never) to 4 (routinely). The total score is the 
mean of the responses to the 52 items, with a possible range of 
1–4; higher scores indicate higher health-promoting lifestyle 
performance. Cronbach’s alpha coefficients ranged from 0.71 to 
0.88 for the subscales and 0.94 for the total scale.  

Sociodemographic factors 
Sociodemographic factors (age, gender, education level, current 
smoking status, and drinking status) were collected using a 
self-administered questionnaire. 

Ethical considerations 
This study was approved by the Ajou University Hopistal In-
stitutional Review Board (No. AJOUIRB-MDB-2021-016). All 
participants provided informed consent upon registration for a 
general health checkup at Ajou University Hospital and partici-
pants’ confidentiality was preserved. 

Statistical analysis 
Data were analyzed using IBM SPSS Statistics (ver. 22.0; IBM 
Corp.) and Stata/BE (ver. 17; StataCorp LLC). Descriptive anal-
yses were performed using frequencies and percentages for 
categorical variables and means and standard deviations (SDs) 
for continuous variables. Participants were classified into one of 
four stress-cortisol response groups using cortisol levels (normal 
cortisol range: 1.8–12.7 µg/dL) and perceived stress scores (high 
levels of stress: PSS scores>20) as follows: normal group (PSS 
scores≤20, cortisol level<12.7 µg/dL), high stress-cortisol group 
(PSS scores>20, cortisol level≥12.7 µg/dL), high cortisol group 
(PSS scores≤20, cortisol level≥12.7 µg/dL), and high stress group 
(PSS scores>20, cortisol level<12.7 µg/dL). The cardiometabolic 
risks are considered as elevated WC (≥85 cm for women, ≥90 
cm for men), elevated BP (≥130/85 mmHg), elevated TG (≥150 
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mg/dL), decreased HDL-C (≤50 mg/dL for women, ≤40 mg/dL 
for men), and elevated FPG (≥100 mg/dL). Pearson’s chi-square 
test, Fisher’s exact test, and Analysis of Variance (ANOVA) were 
used to examine bivariate associations between sociodemo-
graphic factors, cardiometabolic risks, depressive symptoms, 
health-promoting lifestyle behaviors, and stress-cortisol re-
sponse groups. Post-hoc analyses with ANOVA were conduct-
ed using Bonferroni multiple-comparison tests. Multinomial 
logistic regression analysis was used to examine risk factors 
associated with the stress-cortisol responses. The strength of as-
sociation was estimated using relative risk ratios (RRRs) and the 
95% CI. All subcategories of the HPLP II were included in the 
multinomial logistic regression along with other variables with 
significant relationships at P<0.05 (alpha of 5%) in the bivariate 
analyses. 

RESULTS 

General characteristics 
Table 1 presents the participants’ general, physical, psycholog-
ical, and lifestyle characteristics. The mean age was 23.97 years 
(SD=3.38), and 54.0% of the participants were women. Ap-
proximately 70% of the participants were undergraduates; most 
were non-smokers (n=169, 90.4%) and did not drink alcohol 
(n=120, 64.2%). The mean score for perceived stress was 20.02 
(SD=5.52), within a possible range of 0–40. The mean cortisol 
level was 10.81 µg/dL (SD=4.08). The numbers of participants 
in each cardiometabolic risk factor group were 45 (24.1%) with 
high BP, 33 (17.6%) with high WC, 17 (9.1%) with high TG, 
5 (2.7%) with low HDL-C, and 7 (3.7%) with high FPG. The 
mean depressive symptom score was 19.10 (SD=9.36), within a 
range of 0–60, with 115 (61.5%) participants scoring 16 or high-
er. The lowest score on the HPLP II subscales was for physical 
activity (1.83/4.00). 

The distribution of stress-cortisol response groups 
Fig. 2 shows the distribution of the stress-cortisol response 
groups. The results indicated 73 participants (39.0%) were in 
the normal group (PSS scores≤20, cortisol level<12.7 µg/dL), 26 
(13.9%) were in the high stress-cortisol group (PSS scores>20, 
cortisol level≥12.7 µg/dL), 65 (34.8%) were identified as being in 
the high stress group (PSS scores>20, cortisol level<12.7 µg/dL), 
and 23 (12.3%) were in the high cortisol group (PSS scores≤20, 
cortisol level≥12.7 µg/dL). 

Table 1. General characteristics, depressive symptoms, car-
diometabolic risks, and health-promoting lifestyle behaviors 
(N=187) 
Variable Category Value
Age (yr) 23.97±3.38
Gender
 Women 101 (54.0)
 Men 86 (46.0)
Education
 Undergraduate 132 (70.6)
 Graduate 55 (29.4)
Current smoking
 No 169 (90.4)
 Yes 18 (9.6)
Drinking
 No 120 (64.2)
 Yes 67 (35.8)
Perceived stress 20.02±5.52
Cortisol (µg/dL) 10.81±4.08
Cardiometabolic risks
 BP (mmHg) 121.50±10.48
 High (≥130/85) 45 (24.1)
 Waist circumference (cm) 80.21±8.07

Higha 33 (17.6)
 TG (mg/dL) 81.14±70.58

High (≥150) 17 (9.1)
 HDL-C (mg/dL) 62.75±14.71

Lowb 5 (2.7)
 FPG (mg/dL) 88.44±6.66

High (≥100) 7 (3.7)
 BMI (kg/m2) 22.24±3.11
Depressive symptoms 19.10±9.36

Significant (≥16) 115 (61.5)
Health-promoting lifestyle 

behaviors
Total 2.23±0.44

 Subscales Interpersonal relationships 2.82±0.52
Nutrition 2.01±0.57
Health responsibility 1.94±0.61
Physical activity 1.83±0.71
Stress management 2.25±0.50
Spiritual growth 2.49±0.63

Values are presented as mean±standard deviation or number (%).
BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; 
HDL-C, high-density lipoprotein cholesterol; TG, triglyceride.
a≥85 cm for women, ≥90 cm for men. b≤40 mg/dL for men and ≤50 mg/dL 
for women.

Univariate analysis across stress-cortisol response groups 
Table 2 shows the results of the univariate analyses for the dif-
ferences in the general characteristics according to stress-cor-
tisol response groups. Among the sociodemographic variables, 
gender (P<0.001) was significantly associated with stress-cortisol 
response groups. Among the cardiometabolic risk factors, sys-
tolic blood pressure (SBP) (P<0.01), HDL-C (P=0.03), and BMI 
(P=0.02) were significantly associated with stress-cortisol response 
groups. Depressive symptoms were also significantly associated 
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Fig. 2. Distribution of stress-cortisol response groups (N=187).

Table 2. Univariate analyses across stress-cortisol response groups (N=187) 
Normal groupa 

(n=73)
High stress-cortisol 

groupb (n=26)
High stress groupc 

(n=65)
High cortisol groupd 

(n=23) P-value Post hoc

Age (yr) 24.40±3.81 23.35±2.48 23.34±3.28 23.13±2.72 0.07
Gender <0.001
 Women 33 (45.2) 11 (42.3) 50 (76.9) 7 (30.4)
 Men 40 (54.8) 15 (57.7) 15 (23.1) 16 (69.6)
Education 0.44
 Undergraduate 53 (72.6) 18 (69.2) 48 (73.8) 13 (56.5)
 Graduate 20 (27.4) 8 (30.8) 17 (26.2) 10 (43.5)
Current smoking 0.81
 No 65 (89.0) 24 (92.3) 60 (92.3) 20 (87.0)
 Yes 8 (11.0) 2 (7.7) 5 (7.7) 3 (13.0)
Drinking 0.67
 No 30 (41.1) 9 (34.6) 21 (32.3) 7 (30.4)
 Yes 43 (58.9) 17 (65.4) 44 (67.7) 16 (69.6)
Perceived stress 15.81±3.34 24.04±3.03 24.77±3.16 15.43±3.93 <0.001 a,d<b,c
Cortisol (µg/dL) 9.34±2.27 16.26±3.46 8.58±2.66 15.60±2.94 <0.001 a,c<b,d
Cardiometabolic risks
 SBP (mmHg) 121.82±9.27 125.65±12.10 118.22±9.59 125.09±12.10 <0.01 c<b,d
 Waist circumference (cm) 80.83±8.04 79.66±7.88 79.05±7.29 82.17±10.25 0.36
 TG (mg/dL) 95.27±10.11 89.38±46.24 64.69±31.59 73.48±41.58 0.07
 HDL-C (mg/dL) 59.14±13.45 67.15±20.71 65.26±13.31 62.17±12.22 0.03
 FPG (mg/dL) 88.74±7.60 89.85±6.99 86.83±5.33 90.48±5.84 0.06
 BMI (kg/m2) 22.52±3.05 22.07±3.17 21.50±2.96 23.69±3.24 0.02 c<d
Depressive symptoms 13.33±6.06 22.54±7.39 25.98±8.61 14.04±7.16 <0.001 a,d<b,c
Health-promoting lifestyle behaviors
 Interpersonal relationships 3.03±0.60 2.61±0.50 2.68±0.53 2.82±0.55 <0.001 b,c<a
 Nutrition 2.11±0.54 1.68±0.49 1.99±0.60 2.13±0.54 <0.01 b<a,d
 Health responsibility 2.03±0.66 1.69±0.44 1.93±0.60 1.99±0.60 0.10
 Physical activity 1.89±0.74 1.62±0.54 1.75±0.67 2.12±0.77 0.05
 Stress management 2.41±0.54 2.06±0.37 2.15±0.47 2.21±0.46 <0.01 b,c<a
 Spiritual growth 2.75±0.62 2.14±0.54 2.32±0.56 2.52±0.60 <0.001 b,c<a

Values are presented as mean±standard deviation or number (%). P-values by Pearson’s chi-square and Fisher’s exact test, and Analysis of Variance. Post-
hoc analyses were conducted using Bonferroni multiple-comparison tests.
BMI, body mass index; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglyceride.
aNormal group indicates normal stress, normal cortisol. bHigh stress-cortisol group indicates high stress, high cortisol. cHigh stress group indicates high 
stress, normal cortisol. dHigh cortisol group indicates normal stress, high cortisol.

with stress-cortisol response groups (P<0.001). Significant asso-
ciations were found between stress-cortisol response groups and 
four HPLP II subscales, including interpersonal relationships 
(P<0.001), nutrition (P<0.01), stress management (P<0.01), and 
spiritual growth (P<0.001). 

Risk factors for stress-cortisol response groups 
The normal group, consisting of participants who exhibited 
normal ranges of perceived stress and cortisol, served as a ref-
erence group in the multinomial logistic regression analysis. 
Table 3 presents the risk factors associated with stress-cortisol 
responses based on the multinomial logistic regression analysis. 
Participants of higher ages were relatively less likely to belong 
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to the high stress group (RRR 0.82, 95% CI 0.68–0.98) than to 
the normal group. Participants who were at risk of having de-
pressive symptoms (RRR 1.33, 95% CI 1.21–1.47) were more 
likely to be in the high stress group. Participants who reported 
engaging in high levels of physical activity were relatively more 
likely to belong to the high cortisol group (RRR 3.49, 95% CI 
1.20–10.11). In addition, individuals with higher SBP (RRR 
1.07, 95% CI 1.00–1.14), higher HDL-C levels (RRR 1.06, 95% 
CI 1.01–1.10), and those at risk of experiencing depressive 
symptoms (RRR 1.28, 95% CI 1.15–1.42) were more likely to be 
categorized in the high stress-cortisol group compared to the 
normal group. 

DISCUSSION 

The present study investigated the distribution of four types 
of stress-cortisol responses and risk factors associated with 
stress-cortisol responses in university students. We found that 
age, cardiometabolic risk factors (e.g., SBP, HDL-C), depressive 
symptoms, and lifestyle factors (e.g., physical activity) predicted 
stress-cortisol responses to naturally occurring stress in univer-
sity students. 

We identified four groups: a normal group (39.0%), a high 
stress-cortisol group (13.9%), a high stress group (34.8%), and a 
high cortisol group (12.3%). Thus, over 60% of the participants 
were at risk of stress. Other studies have also explored the dis-

tribution of stress-cortisol response groups [39,40]. Dalile et al. 
[39] classified stress-cortisol responses into four classes: mild 
(11.5%), moderately low (34.2%), moderately high (35.9%), 
and hyper-responders (18.5%). Paananen et al. [40] identified 
three cortisol response patterns in young adults using the Tri-
er Social Stress Test: an intermediate-responsive group (47% 
women, 54% men), a hyporesponsive group (34% women, 21% 
men), and a hyperresponsive group (18% women, 21% men). 
It should be noted that these studies [39,40] used trajectory 
modeling based on longitudinal data. However, our study iden-
tified stress-cortisol response groups based on normal cortisol 
levels and naturally accruing stress with no artificial stimuli. 
Nevertheless, all these results, including findings of this study, 
support the importance of monitoring stress-cortisol responses 
to promote health. 

We found that participants with high SBP and HDL-C levels 
were more likely to belong to the high stress-cortisol group 
than to the normal group. High SBP and low HDL-C levels are 
well-known risk factors for cardiovascular diseases. The rela-
tionship between HPA axis activity and cardiometabolic diseas-
es is well-documented [10,16-18]. In addition, stress elevates 
glucocorticoid output, which can cause elevated cholesterol 
and BP levels [18]. Prolonged exposure to stressful situations 
can increase the risk of cardiovascular diseases [41]. In the 
context of this study, experiencing naturally occurring stress, 
we can assume that university students who belong to the high 

Table 3. Multinomial logistic regression model across stress-cortisol response groups (N=187) 
High stress groupa High cortisol groupb High stress-cortisol groupc

RRR±SE P-value 95% CI RRR±SE P-value 95% CI RRR±SE P-value 95% CI
Age 0.82±0.08 0.03 0.68–0.98 1.06±0.08 0.46 0.91–1.23 0.81±0.10 0.10 0.64–1.04
Womend 2.12±1.39 0.25 0.59–7.66 1.04±0.71 0.95 0.26–3.94 0.57±0.44 0.47 0.13–2.60
Cardiovascular risk factors
 BMI 1.07±0.10 0.46 0.89–1.29 1.17±0.12 0.11 0.96–1.42 1.04±0.12 0.70 0.84–1.30
 SBP 1.00±0.03 0.85 0.95–1.06 1.03±0.03 0.31 0.97–1.09 1.07±0.04 0.04 1.00–1.14
 HDL-C 1.04±0.02 0.07 1.00–1.08 1.03±0.02 0.18 0.99–1.07 1.06±0.02 0.02 1.01–1.10
Depressive symptoms 1.33±0.07 <0.001 1.21–1.47 0.99±0.05 0.89 0.90–1.09 1.28±0.07 <0.001 1.15–1.42
Health-promoting lifestyle behaviors
 Interpersonal relationships 1.23±0.76 0.74 0.36–4.16 1.10±0.79 0.90 0.27–4.53 2.89±2.20 0.17 0.65–12.87
 Nutrition 1.05±0.58 0.93 0.35–3.13 1.27±0.75 0.68 0.40–4.02 0.44±0.31 0.24 0.11–1.73
 Health responsibility 0.99±0.53 0.98 0.35–2.82 0.92±0.54 0.89 0.29–2.92 0.65±0.47 0.55 0.16–2.67
 Physical activity 1.60±0.76 0.32 0.64–4.04 3.49±1.89 0.02 1.20–10.11 1.53±0.94 0.48 0.46–5.09
 Stress management 0.52±0.34 0.32 0.14–1.89 0.24±0.20 0.09 0.05–1.25 0.51±0.43 0.43 0.10–2.68
 Spiritual growth 0.64±0.42 0.50 0.18–2.30 0.39±0.28 0.19 0.09–1.62 0.26±0.19 0.07 0.06–1.09

The reference group is the normal group (normal stress, normal cortisol). P-values by multinomial logistic regression analysis.
BMI, body mass index; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; RRR, relative risk ratio; SBP, systolic blood pressure; SE, 
standard error.
aHigh stress group indicates high stress, normal cortisol. bHigh cortisol group indicates normal stress, high cortisol. cHigh stress-cortisol group indicates 
high stress, high cortisol. dThe reference group for gender is men.
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stress-cortisol group may have repeated exposure to everyday 
stressors. This study indicates that special attention and early 
intervention are essential for this group. 

In our study, the participants who showed high levels of de-
pressive symptoms had a higher probability of belonging to the 
high stress and high stress-cortisol groups than to the normal 
group. This finding indicates that university students with high 
levels of depressive symptoms may experience high levels of 
psychological stress with varying cortisol levels; likewise, stress 
is a well-known risk factor for depressive symptoms [42]. Our 
findings align with previous studies linking stress-cortisol 
responses to depression [22,43]. These results indicate that de-
pression is associated with higher stress levels. 

Participants who reported high levels of physical activity were 
more likely to belong to the high cortisol group than to the nor-
mal group. Previous studies found that physical activity reduces 
perceived stress [44,45]. Unlike our result, a review of the litera-
ture revealed that physical exercise could have beneficial effects 
on lowering cortisol levels [46]. Further investigation is needed 
to determine whether physical activity itself is a stressor activat-
ing the HPA axis and whether cortisol level recovery to baseline 
is associated with physical activity. 

Notably, among the sociodemographic factors in our study, 
there was a significant difference in the gender ratio among 
the stress-cortisol response groups although gender had no 
significant effect on those groups. The percentage of men stu-
dents was much higher in the high cortisol group (69.6%) and 
high stress-cortisol group (57.7%), whereas the rate of women 
students was much higher in the high stress group (76.9%). A 
study found gender differences in perceived stress (higher levels 
of stress in women college students) and more utilization of 
emotion-focused coping strategies in women than men students 
[47]. These results imply that gender is a contributing factor 
in the experience of stress and therefore healthcare providers 
should consider gender when developing and implementing 
health promotion interventions. 

The probability of being in the high stress group decreased 
with a one-year increase in age. This result is consistent with a 
previous study that reported higher levels of stress in younger 
students [48], suggesting that younger students need more sup-
port. However, it remains unclear whether aging is accompa-
nied by changes in the HPA axis function [13]. Furthermore, all 
participants in this study were young adults aged 19–39 years, 
an age range that may be too narrow to consider the effects of 
age on stress-cortisol responses. 

Contrary to expectations, BMI and aspects of health-promot-
ing lifestyle behaviors, including interpersonal relationships, 
nutrition, health responsibility, stress management, and spiritual 
growth, did not emerge as significant contributors to stress-cor-
tisol responses. Possible explanations for these non-significant 
findings may be rooted in the multifaceted nature of stress-cor-
tisol interactions. It is conceivable that the influence of these 
factors is moderated by unexplored variables not accounted for 
in our study. Further exploration into the reasons for these out-
comes is warranted. 

The study’s findings suggest delivering customized health 
promotion interventions for university students, addressing the 
factors affecting stress-cortisol responses, and acknowledging 
the adverse impact of high stress and cortisol levels on health. 
According to a previous study, university students with low 
resilience showed higher scores in perceived stress [49]. Fur-
thermore, mindfulness meditation was significantly effective 
in decreasing serum cortisol levels and perceived stress [50]. 
Therefore, providing programs focused on resilience and mind-
fulness meditation could be beneficial for students, particularly 
those who experience high stress. 

Limitations 
The participants in this study were limited to healthy univer-
sity students recruited using convenience sampling at a single 
university in Korea. Thus, a limitation is the generalizability of 
the results to other student populations. Future research should 
use a larger and more diverse sample to improve generalizabil-
ity. Furthermore, the present study employed a cross-sectional 
design and therefore could not investigate the potential fluc-
tuations and trajectories of cortisol responses to stress. Studies 
using a longitudinal design are required to better understand 
these relationships. 
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The Korean Journal of Health Promotion (KJHP) is an open ac-
cess, multidisciplinary journal dedicated to publishing high-quali-
ty research in various areas of the medical, nursing, nutritional, 
physical educational, epidemiological, and public health scienc-
es associated with health promotion and disease prevention.

The manuscript should be prepared according to the “ICMJE 
Recommendations for the Conduct, Reporting, and Publication 
of Scholarly Work in Medical Journals” (2023) (https://www.
icmje.org/recommendations/). Matters unspecified in this doc-
ument will follow the general principles of writing and editing 
of biomedical publication.

1. MANUSCRIPT SUBMISSION

All manuscripts must be submitted online via the online manu-
script submission and review system for KJHP (https://submit.
e-kjhp.org/)

Editor-in-Chief
Prof. Seung-Kwon MYUNG, MD, PhD
Department of Family Medicine, National Cancer Center
Department of Cancer AI & Digital Health, National Cancer 
Center Graduate School of Cancer Science and Policy

Editorial Office
Department of Family Medicine, Asan Medical Center, 88 Olympic-ro 
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Tel: +82-2-3010-3820
Tel: +82-2-3010-3815
E-mail: kshpdp@amc.seoul.kr
For manuscript submission, please visit https://submit.e-kjhp.org/

2. CATEGORIES OF ARTICLES

KJHP publishes original articles, review articles (narrative re-
views and systematic reviews without meta-analyses), letters to 
the editor, letters in reply, editorials, and viewpoints.

*Summary of Article Types

Article Type Description Requirements
Original Article Cross-sectional study

Case-control study
Cohort study
Clinical trial
Meta-analysis
Qualitative research
Survey research
Other observational or 

original research

• ≤3,500 words
• ≤10 tables and/or figures
•  Structured abstract, ≤300 

words
•  Key Points: Question, 

Findings, and Meaning, 
≤100 words

• ≤50 references
•  Title Page including Key 

Points
•  Manuscript text: Title, 

Abstract, Keywords, 
Introduction, Methods, 
Results, Discussion, Ac-
knowledgments, Author 
Contributions, Referenc-
es, Figure Legends, and 
Tables

•  Figures uploaded sepa-
rately

• Cover letter
Review Article Narrative review  

(general review)
Systematic review  

without meta-analysis

• ≤3,500 words
• ≤10 tables and/or figures
•  Structured abstract, ≤300 

words
•  Key Points: Question, 

Findings, and Meaning, 
≤100 words

• ≤50 references
•  Subtitle should be ‘A 

Narrative Review or A 
Systematic Review’

•  Title Page including Key 
Points

•  Manuscript text: Title, 
Abstract, Keywords, 
Introduction, Methods, 
Results, Discussion, Ac-
knowledgments, Author 
Contributions, Referenc-
es, Figure Legends, and 
Tables

•  Figures uploaded sepa-
rately

• Cover letter

https://www.icmje.org/recommendations/
https://www.icmje.org/recommendations/
https://submit.e-kjhp.org/
https://submit.e-kjhp.org/
http://kshpdp@amc.seoul.kr
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Letter to the Editor Letters discussing a 
recent article in this 
journal should be 
submitted within 4 
weeks of the article’s 
publication in print.

• ≤1,000 words
• ≤5 references
• ≤3 authors
• No abstract required

Letter in Reply Replies by authors of 
original articles to 
letters from readers.

• ≤1,000 words
• ≤5 references
• ≤3 authors
• No abstract required

Editorial An opinion or a view 
of a member of the 
editorial board or 
any senior or reputed 
faculty written in a 
journal

• ≤1,000 words
• 1 author
• No abstract required

Viewpoint A short opinion which 
focuses on some of 
the key topics, issues, 
or developments in 
health promotion and 
disease prevention

• ≤1,500 words
• ≤10 references
• ≤3 authors
•  Unstructured abstract, 

≤150 words

3. MANUSCRIPT PREPARATION AND 
SUBMISSION REQUIREMENTS

1) Original Article and Review Article

Manuscript Style
Manuscripts should be prepared in accordance with the ICMJE 
Recommendations for the Conduct, Reporting, Editing, and Pub-
lication of Scholarly Work in Medical Journals (https://icmje.org/
recommendations) and written in proper and clear English.

Manuscript Components
The authors should prepare at least 3 files such as a cover let-
ter, title page (with author details), manuscript text (no author 
identifiers), and as appropriate, figures. Start each of these sec-
tions on a new page, numbered consecutively. Tables should be 
included in the manuscript text, and figures should be uploaded 
as separate files (individual or combined figure files) and not 
included in the manuscript text. Also, a copyright transfer form 
should be signed by a corresponding author on behalf of all 
authors and submitted (a link for downloading the form should 
be inserted here).

Manuscript File Formats
For submission and review, please submit the manuscript as a 
Word document (e.g., Microsoft Office Word). Do not submit 
your manuscript in PDF format. For submission of drawings, 
photos, graphs, or combined figures, PPT and PDF formats are 
acceptable.

Use 12-point font size, double-space text, and leave both mar-
gins justified.

Cover Letter (≤200 words)
Prepare a cover letter. This is a great opportunity to highlight to 
the journal editor what makes your research new and import-
ant. The cover letter should explain why your work is perfect 
for the KJHP and why it will be of interest to our readers. The 
cover letter should have a maximum of 200 words and include 
complete contact information for the corresponding author 
(affiliation, postal/mail address, email address, and telephone 
number) and whether the authors have published, posted, or 
submitted any related papers from the same study.

Title Page (≤300 words)
The title page should include an article title; running head; type 
of study design; the full names, academic degrees, and affilia-
tions of all authors (if an author’s affiliation has changed since 
the work was done, the new affiliation also should be listed); 
name and complete contact information for corresponding 
author; word count of the abstract and manuscript text (not in-
cluding title, abstract, acknowledgment, references, tables, and 
figure legends); total number of tables; total number of figures; 
number of references; funding sources; declaration of conflict 
of interests; and key points.

Provide ORCID IDs for all authors. Titles should be concise, 
specific, and informative. Limit the length of titles to 30 words. 
A running head or running title is a short version of the article 
title, which should consist of no more than 10 words.

The key points is a short structured summary of the find-
ings of your manuscript (required only for research and review 
manuscripts), following 3 key points: Question, Findings, and 
Meaning. Limit to 100 words or less.

<Example>
Key Points 
Question: Is intermittent high-dose vitamin D supplementation 
effective in the prevention of falls and fractures?
Findings: In this meta-analysis of 15 randomized controlled trials, 
intermittent high-dose vitamin D supplementation showed no 
beneficial effect in the prevention of falls and fractures and even 
showed a harmful effect in the high-quality trials.
Meaning: Our findings support that intermittent high-dose 
vitamin D supplementation for the prevention of falls and frac-
tures should be discouraged.

https://icmje.org/recommendations
https://icmje.org/recommendations
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Manuscript Text
A manuscript text should be prepared in the following sequence: 
title, abstract, keywords, introduction, methods, results, discus-
sion, acknowledgments, author contributions, references, figure 
legends, and tables. The full text containing introduction, meth-
ods, results, and discussion should not exceed 3500 words.

Title (≤30 words)
An article title should be inserted at the top of the first page of 
the manuscript text file.

Abstract (≤300 words) and Keywords
An abstract should briefly summarize the content of the manu-
script in a structured format and should not exceed 300 words. 
The abstract should be structured as follows: Background, 
Methods, Results, and Conclusions. Three to six keywords 
should be listed after the abstract.

Introduction (≤500 words)
Desribe a brief background and purpose of the study and elab-
orate on its significance. Summarize the rationale and include 
only strictly pertinent references.

Methods (≤1,000 words)
Identify the methods. Describe study participants, controls, or 
laboratory animals clearly and identify procedures in sufficient 
details to allow other researchers to reproduce the results. Iden-
tify the apparatus or reagents used by giving the product’s name, 
followed by the name of the product company in parentheses. 
Give references to established methods, including statistical 
methods. Provide references and brief descriptions for methods 
that have been published but are not well known or substantial-
ly modified, and give reasons for using them and evaluate their 
limitations.

Describe statistical methods with enough details to verify 
the reported results. Whenever possible, quantify findings and 
present them with appropriate indicators of measurement error 
or uncertainty (such as confidence intervals). Avoid relying 
solely on statistical hypothesis testing, such as the use of P-val-
ues, which fails to convey important quantitative information. 
When the results of the data in the text are given, provide de-
tails specifically in terms of average, proportion, or correlation 
coefficient to describe the difference between study groups or 
the relevant size and direction of variables. Specify statistical 
software used for statistical analysis.

Results (≤1,000 words)
Present the findings and results in logical sequence in the text, 
tables, and figures. Do not repeat in the text all data in the ta-
bles or figures, but describe important points and trends.

Discussion (≤1,000 words)
Emphasize the new and important aspects of the study and 
the conclusions that follow from them. Do not repeat in detail 
data or other materials given in the Introduction or the Results 
section. Include the implications of the findings and their lim-
itations, including implications for future research. Link the 
conclusions with the purpose of the study by discussing and 
comparing the relevant results of other research data. Avoid un-
qualified statements and conclusions not completely supported 
by the data. Propose new hypotheses when warranted and rec-
ommendations, when appropriate, may be included.

Acknowledgments
If necessary, persons who have contributed to the article but 
whose contributions do not meet authorship standards may 
be appreciated through acknowledgment section. Clearly state 
their contributing role for acknowledgement. For example, data 
collection, financial support, statistical analysis, analysis of ex-
periment, and so forth. Authors should notify that their names 
will be in the Acknowledgement and are responsible for obtain-
ing permission from persons acknowledged.

Author Contributions
What authors have done for the study should be described in 
this section. To qualify for authorship, all contributors must 
meet at least one of the seven core contributions by CRediT 
(conceptualization, methodology, software, validation, formal 
analysis, investigation, data curation), as well as at least one of 
the writing contributions (original draft preparation, review, 
and editing).

The submitting author is responsible for completing this in-
formation at submission, and it is expected that all authors will 
have reviewed, discussed, and agreed to their individual contri-
butions ahead of this time.

<Example>
Dr. MYUNG had full access to all of the data in the study and 
takes responsibility for the integrity of the data and the accuracy 
of the data analysis. All authors reviewed this manuscript and 
agreed to individual contributions.
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Conceptualization: SKM.
Data curation: SWO and YJC.
Formal analysis: YJC.
Methodology: SKM, SWO, and YJC.
Software: SKM and YJC.
Writing - original draft: YJC.
Writing - review & editing: SKM, SWO, and YJC.

References
Authors are responsible for the accuracy and completeness of 
their references and for correct text citation. In the text, refer-
ences should be cited with Arabic numerals in brackets, num-
bered in the order cited. In the references section, the references 
should be numbered and listed in order of appearance in the 
text. If there is more than one reference cited coincidentally, 
then a comma separates the numbers and only the last num-
ber is closed with a right bracket. If a consecutive number of 
references is cited together, then a hyphen ‘-’ should be used 
between the first and the last number.

List all authors and/or editors up to 6; if more than 6, list the 
first 6 followed by “et al.” Journal references should include the 
issue number in parentheses after the volume number. Refer-
ence styles are as follows:

Journal articles

Name(s) of author(s). Title of article. Abbreviated journal name. 
Year of publication;Volume number (Issue number):Page numbers.

<Example> Myung SK, Oh SW, Choi YJ. How to use the 
KJHP’s online manuscript submission system. Korean J Helath 
Promot 2024;24(1):123-7.

Books

Name(s) of author(s). Title of publication: subtitle. Edition. Pub-
lisher; Year of publication. p. Page numbers.
Name(s) of the chaptor’s author(s). Title of chapter. In: Name(s) 
of the editor(s). Title of publication. Edition. Publisher; Year of 
publication. p. Page numbers.

Conference proceedings

Name(s) of author(s). Title of conference proceedings. Title of 
conference; Date of conference; Place of conference. Publisher; 
Year of publication.

Dissertations

Name of author. Title of thesis [dissertation]. Name of universi-

ty; Year when degree was given. Language of dissertation.

Journal articles in electronic media

Name(s) of author(s). Title of article. Abbreviated title of jour-
nal [Internet]. Year of publication;Volume number (Issue num-
ber):Page numbers. Name of source URL:

Website or online sources

Name(s) of author(s). Title of web page [Internet]. Name of 
publisher; Year of publication [Date of citation]. Available from: 
available URL

Figure Titles and Legends (Captions)
After references, include a title for each figure. The figure title 
should be a brief descriptive phrase, preferably no longer than 
10 to 15 words. A figure legend (caption) can be used for a brief 
explanation of the figure or markers if needed and expansion of 
abbreviations.

Tables
All tables should be inserted after figure legends in the manu-
script text. Restrict tables and figures to those needed to explain 
and support the argument of the article and to report all out-
comes identified in the Methods section. Number each table 
and figure and provide a descriptive title for each. Every table 
and figure should have an in-text citation. Verify that data are 
consistently reported across text, tables, figures, and supple-
mentary material. The number of tables and /or figures should 
not exceed 10.

Within a table, if an abbreviation is used or a description may 
be necessary, then list them under annotation below. Use the 
alphabet in the order of a, b, c by superscript on the right side 
of the part that needs explanation and the annotation should be 
recorded according to the symbols listed below the table. For 
each annotation marked, the first letter of the first word should 
be capitalized. The P of the P-value should also be capitalized. 
The title of the table should be on the top placed at the right 
end of the table. The title of the figure should also be on the top 
placed at the right end of the figure. The numbering of the table 
or figure should be in the order of entry in the main text, and 
Arabic numeral should be used after a space of the word ‘Table 
(Figure)’ followed by a period. The first letter of the first word 
should be capitalized. In making a table, the average and stan-
dard deviation, the number of participants and other figures 
should be given and on the annotated part of the table, the ap-
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plied statistical method should be noted. For ratio, the number 
of responders and the ratio, and for correlation coefficient, the 
value of correlation coefficient should be given, respectively.

Figures
Number all figures (graphs, charts, photographs, and illustra-
tions) in the order of their citation in the text. When illustrating 
a figure, use a bar or a line graph for average or proportion, and 
list measures using standard deviation or standard error and 
must show their P-values. Identify the applied statistical meth-
ods at the footnote of each figure. Primary outcome data should 
not be presented in figures alone. Exact values with measure of 
variability should be reported in the text or table as well as in 
the abstract. All symbols, indicators (including error bars), line 
styles, colors, and abbreviations should be defined in a legend. 
Each axis on a statistical graph must have a label and units of 
measure should be labeled. Error bars should be included in 
both directions, unless only 1-sided variability was calculated.

Acceptable file formats are .jpg, .tif, .pdf, .ppt, .psd, and .eps. 
Required minimum resoultion for publication is 300 ppi.

Abbreviations
Overindulgence with the use of abbreviations is forbidden, and 
the use of abbreviations must be minimized. Only standardized 
abbreviations may be used and abbreviations should not be 
used in titles or abstracts. With the exception of measurement 
units, abbreviation should be specified when first introduced in 
the text and then may be used independently.

Units of Measurement
Laboratory values are expressed using conventional units of 
measure, with relevant Systeme International (SI) conversion 
factors expressed secondarily (in parentheses) only at first men-
tion. Figures and tables should use conventional units, with 
conversion factors given in legends or footnotes. The metric 
system is preferred for the expression of length, area, mass, and 
volume.

Names of Drugs, Devices, and Other Products
Generic names should be used. When proprietary brands are 
used in research, include the brand name and the name of the 
manufacturer in parentheses after the first mention of the ge-
neric name in the Methods section.

Generic Names, Numbers, and Measurement Units
Personal, geographical and generic names must be written in 
original language, if possible, and numbers must be written 
in Arabic numerals. The measurement units such as length, 
height, mass and volume should be indicated in the metric sys-
tem (meter, kilogram, liter etc). Temperature must be indicated 
in centigrade and blood pressure in mmHg. Units for blood 
and clinical laboratory test measurements should be expressed 
in the ordinary scale or by International Units (SI). A space is 
required between a measured value and its unit.

Supplementary Materials
Supplementary materials for online-only publication can be 
submitted, when there is insufficient space to include the mate-
rials in the manuscript text or figures. Because supplementary 
materials are not edited or formatted after publication, authors 
are responsible for the accuracy and presentation of these mate-
rials.

Reporting Sex/Gender
The term sex (male, female) should be used when reporting bi-
ological factors and gender (man, woman) should be used when 
reporting gender identity or psychosocial/cultural factors. The 
methods used to obtain information on sex, gender, or both (e.g., 
selfreported, investigator observed or classified, or laboratory 
test) should be explained in the Methods section. If only one sex 
is reported, or included in the study, the reason the other sex is 
not reported or included should be explained in the methods 
section, except for studies of diseases/disorders that only affect 
males (e.g., prostate disease) or females (e.g., ovarian disease). 
The sex distribution of study participants or samples should be 
reported in the results section, including for studies of humans, 
tissues, cells, or animals. Study results should disaggregate and 
report all outcome data by sex.

2) Letters to the Editor, Letters in Reply, Editorials, and 
Viewpoints
For preparation of Letters to the Editor, Letters in Reply, Edito-
rials, and Viewpoints, refer to ‘Summary of Article Types’ in the 
categories of articles secction.

4. REPORTING GUIDELINES FOR SPECIFIC 
STUDY DESIGNS

Authors should be aware of the information that must be in-
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cluded in the contents of the research according to the study 
design and must reflect them in their articles. Authors should 
refer to STROBE (http://www.strobe-statement.org) for obser-
vational studies, CONSORT (http://www.consort-statement.
org) for randomized controlled trials, STARD (http://www.
stard-statement.org) for studies of diagnostic accuracy, and 
PRISMA (https://www.equator-network.org/reporting-guide-
lines/prisma/) and MOOSE (https://www.equator-network.
org/reporting-guidelines/meta-analysis-of-observational-stud-
ies-in-epidemiology-a-proposal-for-reporting-meta-analy-
sis-of-observational-studies-in-epidemiology-moose-group/) 
for systematic reviews and meta-analyses.

5. MANUSCRIPT REVIEW AND PUBLICATION

Upon submission of a manuscript, the Editorial Committee will 
review the article whether its contents meet the objectives of 
the Journal, and the article can be rejected at this initial review 
process. The Editorial Committee will entrust two or more ex-
perts with review of articles and will decide their acceptance for 
publication with the help of experts’ recommendations. Based 
on comments from reviewers and editors, authors may be asked 
to revise their manuscripts. Authors are required to submit a re-
vised manuscript and a letter of explanation regarding how they 
have dealt with all comments and questions raised by reviewers 
and editors through the electronic submission system. The Ed-
itorial Committee or the editor-in-chief may entrust an statis-
tical expert with statistical review of articles at the final stage of 
review, and ask authors to revise their manuscripts, if necessary.

The acceptance for publication is decided by the Editorial 
Committee after its thorough review process, and the edi-
tor-in-chief will deliver an official approval of acceptance for 
publication.

6. COPYRIGHT

Once publication of the manuscript has been decided, the 
copyright will be deferred to the Korean Society for Health Pro-
motion and Disease Prevention, and the copyright of the man-
uscript published will belong to the Society. The Society is enti-
tled to publish, distribute and print a manuscript in the journal 
or other media. As the time of submission, a corresponding au-
thor, on behalf of all authors, must sign and submit the ‘copyright 
transfer agreement form’, which must be downloaded from the 
homepage, to confirm that its copyright is assigned.

7. ETHICAL REGULATIONS

Review and handling procedures related to all research ethics 
including ethics regulations and plagiarism, duplicate publi-
cation, and research misconduct will be followed according to 
the ‘Good Publication Practice Guidelines for Medical Journals 
(http://kamje.or.kr/)’ stipulated by the Korean Association of 
Medical Journal Editors (KAMJE).

1) Ethical Review and Informed Consent
If the research involves human participants, it must comply with 
the ethical standards of the Declaration of Helsinki (adopted 
in 1964; amended in 2008; https://www.wma.net/policies-post/
wma-declaration-of-helsinki-ethical-principles-for-medi-
cal-research-involving-human-subjects/) and in principle must 
undergo scrutiny of an independent Institutional Review Board 
(IRB) or Research Ethics Committee (REC) which reviews the 
ethical issues of the human experiment. However, in clinical 
studies, the approval of the IRB or ERC and participant’s con-
sent must be received and specified in the text.

2) Privacy and Confidentiality
Every author must protect privacy and confidentiality of study 
participants. The personal information regarding the identity 
of a study participant must not be disclosed in any form: article, 
photo or pedigree. However, if a study participant’s personal 
information is indispensable as scientific information, it must 
be explained to the study participant or his/her legal guardian, 
written informed consent should be obtained from him/her 
before publication, and his/her approval must be specified in a 
published article. At the time of explanation, a manuscript to be 
published, including photos, must be offered to a study partici-
pant and be approved by him/her. Description materials includ-
ing photographs should not disclose study participant’s name, 
english initials, and hospital identification number.

3) Redundant Publication/Duplicate Submission
An article that has been already reported in another journal or 
is being reviewed by another journal, and an article that has a 
redundant material previously published in the journal will be 
rejected. If the article contains similar work that has already 
been reported in another publication or has been published in 
the journal, the author should include copies of such material 
along with the submitted article. The Editorial Committee will 
decide on the matter of secondary publication of the submitted 
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