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Abstract

Background: The occurrence of extreme behaviors and their detrimental impacts, particularly Internet addiction (IA) among
students, have drawn the attention of researchers in contrast to the positive uses of the internet.

Objectives: The purpose of this study was to evaluate the correlation between medical students' salivary cortisol levels,
anxiety levels, and IA.

Methods: One hundred and ten (110) medical interns from Golestan University of Medical Sciences in Gorgan, Iran,
participated in this descriptive, analytical, cross-sectional study. A checklist was used to obtain demographic data. Internet
addiction was assessed using the Young Internet Addiction Test (IAT), while anxiety levels were assessed using the Hamilton
Anxiety Rating Scale (HAM-A). Additionally, a saliva sample was taken early in the morning to examine the correlation between
IA and salivary cortisol levels.

Results: The subjects' average age was 24.69 + 1.18 years. The participants' salivary cortisol levels were 5.57 + 3.20 pg/dL. There
was a significant difference in the IAT score for IA between the male and female groups (50.42 + 24.11 vs. 41.09 + 22.36,
respectively, P=0.008). The following pupils were categorized as having mild, moderate, and severe IA: 54 (49.1%), 34 (30.9%), and
22 (20%). The male and female groups did not differ substantially in their anxiety Hamilton test scores (29.22 +10.95 vs. 28.05 +
12.02, respectively, P = 0.682). A statistically significant difference was observed in the anxiety scores for mild, moderate, and
severe IA categories (P = 0.035).

Conclusions: Nearly 20% of medical students suffer from severe IA. The study's conclusions demonstrated a significant
correlation between higher levels of anxiety disorders and the intensity of IA.
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1. Background of the number of internet users (2) and the first country
in the Middle East (3).

The World Wide Web is one of the most advanced, Even though the internet has supplied advantages,

amazing, and widespread human achievements thathas  jmmoderate internet utilization is related to a
transformed human communication, economic, and  psychiatric situation referred to as Internet addiction
social processes in the past decades. The internet has (IA) (4, 5). Internet addiction is similar to other
become an effective and inseparable tool in the lives of  addictions and is characterized by an incapability to
people of different ages and with different interests,and  prevent Internet users regardless of its negative effect
the number of its users increases every day (1). Iran is  on psychosocial operation (6, 7). Internet addiction is
amongst the first twenty countries in the world in terms  associated with anxiety, depression, attention deficit,

Copyright © 2026, Hashemifar et al. This open-access article is available under the Creative Commons Attribution 4.0 (CC BY 4.0) International License
(https://creativecommons.org|licenses/by/4.0/), which allows for unrestricted use, distribution, and reproduction in any medium, provided that the original
work is properly cited.

How to Cite: Hashemifar A, Salehi M, Razman A, Vangivarapu A, Shahini N. Internet Addiction, Anxiety, and Salivary Cortisol Among Medical Students in
Northern Iran in 2022, Shiraz E-Med J. 2026;27(3):¢161935. doi: https:|/doi.org/10.5812[sem;j-161935


https://doi.org/10.5812/semj-161935
https://crossmark.crossref.org/dialog/?doi=10.5812/semj-161935&domain=pdf
https://crossmark.crossref.org/dialog/?doi=10.5812/semj-161935&domain=pdf
mailto:asmarazmann@gmail.com
mailto:najmeh.shahini@nhs.net

Hashemifar A et al.

Brieflands

and alcohol abuse. Studies reported that IA could
adversely impact mental health, resulting in social
isolation and loneliness and leading to complications in
educational, psychological, and work-associated
activities (7-9).

Young people, mostly students, have become the
main users of the internet (4). University students,
particularly medical sciences students, are susceptible
to IA due to the growing use of the internet and
technology for education and clinical care. Over the past
several years, there has been a noticeable growth in
internet usage, and medical students are among those
who use it the most. Internet addiction is a result of the
unlistable uses of the internet, which also bring with
them the curse of excessive use (10). According to a
systematic review in Iran, the prevalence of moderate
levels of 1A was 25.32%, and the severe level of IA was
4.67% (11). It was reported that there is a significant
positive correlation between IA and academic
procrastination in medical students (12). The students
addicted to the internet had fewer complex practices
and were less capable of processing information and
controlling motivations (13).

Cortisol, also known as the stress hormone, is a
defining indicator of stressful situations (14, 15). The
hypothalamic-pituitary-adrenal (HPA) axis is activated
in response to stress. Increased levels of stress and
anxiety in the long term can affect the function of this
axis and lead to increased blood cortisol levels (16).
Studies have reported different results for the
correlation between cortisol levels and IA rates (17-19).

2. Objectives

Since the use of the internet among medical students
is high and because they will finally work in health care
systems and their behavior’s effect on the community
health, then it is highly essential to understand
precisely their level of IA and its impact on their mental
health and performance to manage this issue. Thus, the
purpose of this study was to examine IA in medical
students and evaluate the association between IA and
medical students' anxiety and salivary cortisol levels.

3.Methods

3.1. Research Design

Descriptive,  analytical, and  cross-sectional
methodologies were used in the study's design and
execution.

From May to November 2022, medical students at
Golestan University of Medical Sciences in Gorgan, Iran,

participated in the study.

3.2. Participants

In this study, medical students who were in the last
two years of their studies (interns) and had access to the
internet for at least the last three months were included.
Incomplete completion of the questionnaires was
considered as an exclusion criterion.

One hundred and fifty students were nominated for
the study and had access to the internet for at least the
last three months; 30 people did not consent to
participate in the study. One hundred and twenty
students were assessed, and the questionnaire of 10
people was incomplete and excluded from the study.
Data of 110 students were evaluated and analyzed.

3.3. Study Size

The sample size in this study was calculated
according to the Romigi et al. study (20). Considering
the 95% confidence level and the typell error (B) was set
at 0.20, corresponding to 80% statistical power and the
expected correlation between IA and anxiety (r = 0.27)
based on Romigi et al. (20) We employed convenience
sampling. All eligible interns (N = 150) were invited; 110
participated.

3.4. Measurement

Sampling was done by considering the gender, level,
and field of study ratios. Students who were Internet
users and connected to the internet during the past
three months were included in the study. Before filling
out the questionnaires, the study's objectives were
explained to the students. They could participate in the
study voluntarily for ethical reasons, and they were
assured that all information would remain confidential.
To collect data, in addition to the demographic
information questionnaire including age, gender,
background, and field of study, Students' levels of IA
were evaluated using the Young IAT, and their anxiety
levels were evaluated using the Hamilton Anxiety Rating
Scale (HAM-A).

Young IAT has 20 questions. The respondent must
answer each question on a 6-point Likert scale,
including never, rarely, sometimes, usually, often, and
consistently, scored from zero to 5, respectively. The test
scores range from zero to one hundred, with a score of
zero to 39 indicating a mild IA, 40 to 69 indicating a
moderate IA, and 70 to 100 indicating a severe IA. The
validity and reliability of this questionnaire in Iran were
evaluated by Alavi et al., and Cronbach's alpha was 0.88

(21).

Shiraz E-Med ].2026; 27(3): €161935


https://brieflands.com/journals/semj/articles/161935

Hashemifar A et al.

Brieflands

The Hamilton Anxiety Rating Scale is a 14-item scale
that assesses both physical and cognitive symptoms of
anxiety. Each question is scored from zero to 4 on a 5-
point Likert scale. Zero indicates its absence, and 4
indicates the severity of the same symptom in the
patient. The overall test score indicates the severity of
the anxiety. The validity of the Hamilton Anxiety Rating
Scale was assessed by Hallit et al., and the Cronbach
alpha was 0.921(22).

In order to investigate the correlation between IA and
salivary cortisol levels, Salivary cortisol was measured as
a non-invasive biomarker reflecting free cortisol levels.
It correlates strongly with serum cortisol (r = 0.85 - 0.95)
(23) while avoiding venipuncture stress that could
confound results. Morning sampling captured peak
diurnal levels relevant to stress physiology. Saliva
samples were collected in the study population using
the non-stimulatory spitting method. In this method,
the participants collected their saliva in a tube every
sixty seconds without using any stimulant for 2 to 5
minutes. Samples were collected between 9 and 10 in
the morning because blood and salivary cortisol levels
are high in the cortisol cycle. The samples were sent to
the laboratory immediately after collection, frozen at
-20°C, and then centrifuged at 2500 rpm. Finally, saliva
cortisol was measured using the enzyme-linked
immunosorbent (ELISA) method (CORTISOL SALIVA 96 T
ELISA measuring kits, produced by IBL Company), a
competition-based solid phase ELISA test. The binding
sites of the antibodies coated onto the wells are
contested by a set amount of enzyme-labeled antigen
and an undetermined amount of antigen found in the
sample. To halt the competition reaction, the wells are
cleaned after incubation. The amount of antigen in the
sample is inversely correlated with the intensity of the
produced color following the substrate reaction. The
standard curve can be used directly to determine
sample results.

3.5. Statistical Analysis

The data were entered into SPSS software version 20.
The data are presented based on descriptive indicators
such as mean, standard deviation, frequency, and
percentage. Statistical analyses included: (1) Pearson
correlation to examine linear correlation between
continuous variables (IA scores, anxiety scores, salivary
cortisol levels); (2) One-way ANOVA to compare anxiety
scores across IA categories (mild/moderate/severe); (3)
Independent samples t-tests and X? tests to compare
group differences.

Statistical significance was set at a = 0.05.
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4.Results

4.1. Descriptive Data

The mean * SD age of the students was 24.69 + 118
years, the minimum age was 23, and the maximum age
was 31 years. Among participants, 58.2% were male, and
41.8% were female. 23.6% of the subjects were married.
79.1% of the students were natives (bornfraised in
Golestan Province), and 20.9% were non-natives of the
province, of which 26.4% lived in dormitories. Based on
the information extracted from the questionnaires,
35.5% and 29.1% of the study participants, respectively,
reported a history of smoking (including cigarettes and
hookah) and alcohol consumption. Demographic
information is available in Table 1.

4.2. Outcome Data

The individuals' salivary cortisol level was (5.57 £ 3.20
ng/dL), which in males and females was (5.73 £ 3.47
ng/dL) and (5.35 + 2.81 ng/dL), respectively. The difference
was not statistically significant (P = 0.778).

The Young IAT score was (45.52 + 23.74 pg/dL), which
was (50.42+ 24.11 pg/dL) and (41.09 + 22.36 pg/dL) in the
male and female, respectively. The difference was
reported statistically significant (P = 0.008). On the
other hand, 54 (49.1%), 34 (30.9%), and 22 students (20%)
received the low, moderate, and severe IA
classifications., respectively, with male to female ratio of
39.1% vs. 63% for mild addiction, 34.4% vs. 26.1% for
moderate addiction and 26.6% vs. 10.9% for severe
addiction, which was also statistically significant (P =
0.03).

Hamilton's anxiety rating scale was (11.36 + 28.85
ng/dL), (29.22 £ 10.95 pg/dL), and (28.05 + 12.02 pg/dL) in
the males and females, respectively. The difference was
not statistically significant (P = 0.682) (Table 1).

4.3. Main Results

The correlation between IA and anxiety and salivary
cortisol levels:

According to statistical evaluations, there was a
significant difference (P = 0.035) in the anxiety scores for
the mild, moderate, and severe IA categories. With
increasing IA, the anxiety score also showed higher
values. On the other hand, laboratory levels of salivary
cortisol did not show a significant difference between
different levels of IA. Moreover, the rate of smoking and
alcohol consumption in students with a higher level of
IA was significantly higher (Table 2).

5. Discussion
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Table 1. Demographic Characteristics of Participants by Internet Addiction Severity *
Variables Total (N=110) Internet Addiction Severity P-Value
Mild (n=54) Moderate (n=34) Severe (n =22)
Sex 0.03
Male 64 (58.2) 25(46.3) 22(64.7) 17(77.3)
Female 46 (41.8) 29(53.7) 12(35.3) 5(227)
Native status 0.462"
Native 87(79.1) 43(79.6) 27(79.4) 17(77.3)
Non-native 23(20.9) 11(20.4) 7(20.6) 5(227)
Marital status 0.692°
Single 84(76.4) 41(75.9) 26(76.5) 17(77.3)
Married 26 (23.6) 13(24.1) 8(23.5) 5(22.7)
2Values are as expressed as No. (%).
b Independent samples t-test was used for continuous variables; x? test was used for categorical variables.
Table 2. Comparison of Anxiety, Salivary Cortisol Levels, and Substance Use by Internet Addiction Severity Level *
Internet Addiction Severity
Variables p-Value P
Mild (n=54) Moderate (n=34) Severe (n=22)
Anxiety score 26.11+11.64 30.68 £11.12 32.77+£9.66 0.035
Salivary cortisol (ng/dL); mean + SD 6.01£3.33 5.12+2.51 5.20 +£3.80 0.377
Smoking history 13 (24.1) 13(38.2) 13(59.1) 0.014
Alcohol consumption 9(16.7) 13(38.2) 10 (45.5) 0.016

2 Values are as expressed as No. (%) or mean + SD..

b One-way ANOVA was used for continuous variables; x? test for categorical variables.

In this study, the prevalence of IA and the association
between IA and anxiety level and salivary cortisol levels
were evaluated. According to this survey, 20% of medical
students suffer from severe IA. According to the results
of a meta-analysis, the global prevalence of IA in 31
countries was reported to be 6% of the general
population (6). However, in another meta-analysis study,
it was shown that the Compared to the general
population, medical students had an almost five-fold
higher frequency of IA. This rate was reported to be close
to 28% in medical students (24). In a study in Nepal, the
rate of IA among medical students was 21% (25).
According to a study in Mexico by Capetillo-Ventura and
Juarez-Trevifio, the percentage of IA in medical students
was 8.2% (26). In a study by Pal in India on medical
students, the prevalence of IA was defined to be 56.5%,
and the rate of mild and moderate addiction were
respectively 42.9% and 13.6% (27). As medical students
enter the workforce, the increasing rate of IA is a serious
worry. Because IA is linked to cognitive decline (20) it
may have an impact on patient safety (6). A medical
student's ability to focus during study sessions may be

impacted by such a disease (28). Numerous reasons can
be put forward to justify the greater IA is common in
medical students. First, according to the access
hypothesis, medical students are more susceptible to IA
because they frequently utilize the internet to look for
medical material and take part in online learning and
evaluation (29). Second, medical students may be
attracted to the internet's virtual reality to escape the
stressful academic environment (30). Third, IA may
persist if people use the internet as a coping mechanism
for depressive or stressful mental states (31). Although
the use of the internet for educational purposes was
more common in the study group than in the general
population, in some studies, the use of web-based
educational programs was not associated with IA (32,
33). Certain psychological and cognitive risk factors,
including social anxiety and depression, may increase
the risk of IA (32, 34). Psychological stress is higher
among medical students than in other fields (35). A
study conducted in Saudi Arabia showed a very high
level of depression, anxiety, and stress among medical
students (36).
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The present study results showed that higher degrees
of IA were associated with increased levels of anxiety.
The findings of our study showed that the more severe
the rate of IA, the higher the mean anxiety score of the
subjects. On the other hand, the rate of IA in males was
also significantly higher than the females. However,
there was no statistically significant difference between
males and females regarding anxiety. In Priyanka and
Pal's study, male sex was significantly associated with IA
in medical students ( =-0.143, P = 0.038) (27). In a study
by Soltani and Baghaie-Fard, there was a significant
association between IA and anxiety symptoms in social
interactions. Due to the higher correlation coefficient in
females, females have a more significant positive
correlation (37). Capetillo-Ventura and Juarez-Trevifio
reported that IA had a significant correlation with
anxiety and insomnia (rs = 0.219, P < 0.001) (26).

The result of the present study showed no significant
association between IA and salivary cortisol levels. While
we found no IA-cortisol association, salivary cortisol
assessment provides crucial pathophysiological
insights. Its non-invasive nature enables feasible stress
biomarker measurement in student populations. Our
null finding aligns with Bibbey et al. (17), suggesting IA
may influence stress pathways through non-HPA
mechanisms requiring further investigation.

Numerous studies have shown that stress activates
the HPA axis, increases total cortisol levels, and increases
cortisol awakening response (CAR). However, it has been
hypothesized that the HPA axis responds to stress with
temporal hyperactivity, but when stress continues, the
HPA axis becomes inactive. Low urinary cortisol levels in
adults with chronic depression was observed in another
study. Thus, while cortisol may increase during acute
anxiety, the HPA axis responds to a chronic disorder by
lowering cortisol levels. This shift from HPA axis
hyperactivity may be due to increased sensitivity to
negative feedback from circulating cortisol.

On the other hand, due to the nature of the medical
field, the subjects in this study do not have a circadian
rhythm similar to the general population. Their
biological body hours are different from the general
population due to duty and night waking to provide
services. Disturbances in the hours of sleep and
wakefulness, by affecting the HPA axis, can lead to
changes in morning salivary cortisol levels and
therefore can justify the results of this study.

5.1. Conclusion

This study shows that the Nearly 20% of intern
medical students suffer from severe IA. However, a
recent study's results confirm the significant association
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between higher levels of anxiety problems and the
severity of IA. But no statistically significant correlation
was found between the salivary cortisol levels of the
subjects and the severity of IA. Due to Given the
significant  incidence of A, medical school
administrators and instructors ought to recognize and
refer medical students who suffer from this addiction
for treatment.

5.2. Limitations

The main limitation of the present study was the
single-center design and the short study period. On the
other hand, due to the occurrence of the COVID-19
pandemic, the cooperation of individuals to participate
in the study has decreased, which has made the
sampling process longer and more complex. The limited
sample size and type of study and the lack of use of
more specialized anxiety questionnaires such as GAD
and Panic were other limitations. Use of psychotropic
medications (e.g., antidepressants) was not assessed,
which may confound anxiety and cortisol measures.
Also, cortisol sampling wasn't standardized relative to
night shifts. Future studies should control for duty
schedules affecting HPA axis function.
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