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Impact of mild traumatic brain
injury on health behaviors
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Byung-Mo Oh({®256,7:4

Health-related behavioral changes may occur following traumatic brain injury. We focused on
understanding the impact of mild traumatic brain injury (TBI) on health-related behaviors and
identifying factors associated with such changes. We utilized health check-up records from the Korean
National Health Insurance Service database spanning January 1, 2009, to December 31, 2017. The
sample included 49,212 patients diagnosed with mild TBI and 1:1 matched controls who participated in
national health check-ups in 2009-2010, 2011-2012, and 2016-2017. Multivariable logistic regression
analysis was utilized to examine the association between mild TBI and short- and long-term health-
related behavioral changes. Mild TBI was significantly associated with an increased risk of insufficient
physical activity at the short- [odds ratio (OR), 1.04; 95% confidence interval (Cl), 1.01-1.07] and
long-term (OR, 1.06; 95% Cl, 1.03 - 1.09) follow-ups. Age = 65 years and female sex were significant
effect modifiers for insufficient physical activity (OR, 1.11; 95% Cl, 1.02 -1.21) and smoking (OR, 1.31;
95% Cl, 1.14-1.51), respectively. Mild TBI may lead to detrimental health-related behavioral changes,
varying by age and sex. Thus, age- and sex-specific interventions may be needed to address these
changes.
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Traumatic brain injury (TBI) can cause a wide range of long-term psychiatric and behavioral sequelae, such as
depression, anxiety, apathy, disinhibition, psychosis, suicide, and substance-use disorders'~>. A previous study
reported varying rates of psychiatric disorders following TBI of all severities, with up to 61% for depression, 18%
for obsessive-compulsive disorder, 9.8% for psychotic disorders, and 51% for substance-use disorders'.

Contrary to common belief, mild TBI, which accounts for the majority of brain trauma, can also lead to
long-term neuropsychiatric complications®*. Between 15 and 30% of patients who experience mild TBI have
persisting cognitive, mood, and somatic symptoms beyond 1 year post-injury’”. A retrospective cohort study of
9,205 adult patients with mild TBI reported three times greater odds for depression®. In an epidemiological study
of adolescents, history of mild TBI was associated with two times greater odds of substance use’. These findings
raise the possibility that physical symptoms such as headache, dizziness, and neuropsychiatric complications
following mild TBI may influence health-related behaviors, though the mechanism is not yet fully understood.

Importantly, substance-use disorders, and health-related behavior such as smoking and sedentary lifestyle
can affect TBI recovery®~1°. In a multicenter cohort study of 3,063 children and adolescents with acute mild TBI,
the 28-day postconcussive symptoms were significantly higher in the rest group (40.1% vs. 28.7%) compared
to the physical activity group within 1 week of injury'!. Alcohol misuse is associated with negative outcome
following TBI and poorer rehabilitation compliance'Z

However, previous studies on behavioral changes following TBI focused on moderate-to-severe TBI
or all severities levels combined!3-16. A systematic review, which included four studies with no definition of
severity, and two studies with severe TBI, concluded that patients with TBI had physical activity levels below
recommended guidelines for health maintenance. A prior study reported higher smoking rates among veteran
and service members following TBI of all injury severities, compared to the general adult population'®.
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Therefore, this large population-based study aimed to evaluate the long-term changes in health-related
behaviors and associated factors following mild TBI, including age- and sex-specific changes over time.

Methods

Data source

Research data from the Korean National Health Insurance Service (NHIS) were obtained. The NHIS is
a mandatory social insurance scheme for South Korea’s population of >50 million people, with medical
information from hospitalizations and outpatient treatment. Medical information is recorded by a clinician
upon discharge according to the International Classification of Diseases, 10th revision (ICD-10) and comprises
information, including primary and additional diagnoses, surgical history, treatments, and medications. It also
provides free annual or biennial health check-ups to adults aged >40 years or workers aged =20 years. Health
check-ups are commonplace in Korea, with screening rates of >70%!”. The health check-up data include basic
health parameters, including height, weight, blood pressure, chest radiography findings, laboratory test results
for urine and blood, and information on lifestyle behaviors such as regular exercise, alcohol consumption, and
smoking, obtained using self-administered questionnaires.

Study population

The NHIS data were reviewed from 2009 to 2017. The baseline was designated as 2009-2010, and health-related
behavior changes after short (1-3 years)- and long (6-8 years)-term follow-ups were observed between 2011-
2012 and 2016-2017, respectively. Mild TBI was defined using ICD-10 codes (S06.0). The data included 89,031
patients diagnosed with mild TBI during 2009-2010 who underwent a national health check-up during the
same period. Overall, 2,650,343 participants who had received a national health check-up during 2009-2010
but had never been diagnosed with mild TBI during 2009-2010 were also included as controls. Participants
diagnosed with mild TBI in 2008 were excluded (mild TBI, n=1,727; without mild TBI, n=14,348), to washout
participants who experienced mild TBI in the past. Participants who did not undergo a national health check-up
in2011-2012 and 2016-2017 were excluded (mild TBI, n = 36,352; without mild TBI, n =1,037,648). Additionally,
participants with missing values for demographic variables (mild TBI, n=1,713; without mild TBI, n=53,892)
and adolescents aged < 18 years at baseline (mild TBI, n =27; without mild TBI, n=_841) were excluded. To extract
the mild TBI group and the age- and sex-matched without mild TBI group, an equal number of participants were
randomly selected from each sex and age stratum of the mild TBI and without mild TBI groups. Matching was
performed by assigning random numbers to each stratum of the mild TBI and without mild TBI groups, sorting
them in order, and selecting sequentially from the top. Ultimately, 49,212 patients with mild TBI and 1:1 age and
sex matched controls (1n=49,212) were included in this study (Supplementary Fig. 1).

Health-related behaviors

Sufficient physical activity (PA), smoking, and alcohol consumption were examined as health-related behaviors
based on a self-reported questionnaire from the health check-up data. Sufficient PA was defined based on the
International Physical Activity Questionnaire scoring protocol. Sufficient PA was determined according to
the amount of vigorous (running, aerobics, fast bicycling, or mountain climbing) or moderate (fast walking,
doubles tennis, or bicycling at a regular pace) PA during the last 7 days'®: (1) =20 min of vigorous PA for at
least 3 days; (2) 230 min of moderate PA for at least 5 days; (3) vigorous PA for at least 1-2 days and moderate
PA for at least 4 days; or (4) vigorous PA for at least 2 days and moderate PA for at least 3 days. If any of the
four criteria was satisfied, it was classified as sufficient PA; otherwise, it was classified as insufficient. Smoking
behavior was determined from the following question based on the Centers for Disease Control and Prevention
tobacco glossary: “Have you ever smoked more than five packs (100 cigarettes) in your lifetime? (1) Yes,
currently smoking; (2) Yes, quit smoking now; (3) No” Alcohol drinking behavior was ascertained according to
the average number of days when alcoholic drinks were consumed per week: (1) >4 days was defined as heavy
drinking; (2) 1-2 days as moderate drinking; and (3) 0 days as no drinking.

Covariates

All sociodemographic variables, such as age, sex, region of residence, and income level, were included at
baseline. Household income levels, based on insurance premiums, were divided into quartiles. The region of
residence was categorized into urban and rural according to the administrative districts; urban areas included
seven metropolitan cities (Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) and rural areas
included Gyeonggi, Gangwon, Chungcheongbuk, Chungcheongnam, Jeollabuk, Jeollanam, Gyeongsangbuk,
Gyeongsangnam, and Jeju. Comorbidities, including diabetes mellitus (fasting glucose level > 126 mg/dL or ICD-
10 codes E11-E14), hypertension (blood pressure>140/90 or ICD-10 codes 110-I13, and I15), dyslipidemia
(total cholesterol level 240 mg/dL or ICD-10 code E78), cerebrovascular diseases (ICD-10 codes 160-169),
and depression (ICD-10 codes F32, F33, F34.1, F41.2), were defined based on diagnosis within a year before the
baseline. Charlson Comorbidity Index (CCI) scores were calculated according to ICD-10 codes and categorized
into three classes (weighted scores being <2, 3-4, and > 5)19,

Statistical analyses

Descriptive statistics were used to summarize the general characteristics of participants. The Wilcoxon rank-
sum test or chi-squared test were used to compare the baseline characteristics of patients with mild TBI and
controls. Multivariable logistic regression analysis was utilized to examine the association between mild TBI and
short- and long-term health-related behavioral changes. Four logistic regression models were used to adjust for
covariates. Model 1 was a crude model, and unadjusted odds ratios (ORs) with 95% confidence intervals (CIs)
were calculated; Model 2 was adjusted for age, sex, and baseline health-related behaviors (sufficient PA, smoking,
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or alcohol consumption, respectively); Model 3 was adjusted for age, sex, baseline health-related behaviors,
region of residence, and household income ; and Model 4 was adjusted for age, sex, baseline health-related
behaviors, region of residence, household income, comorbidities (diabetes mellitus, hypertension, dyslipidemia,
cerebrovascular disease, and depression), and CCI score. In the sensitivity analysis, the definition of sufficient PA
was modified as (1) vigorous PA for at least 3 days or (2) moderate PA for at least 5 days.

In addition, we performed stratification analyses for sex and age groups. In the sex stratification analysis,
we divided the participants into males and females and performed a multivariable logistic regression analysis
with mild TBI as the exposure and health-related behaviors as the outcome in each stratum. We included all
covariates in Model 4 except sex as a stratification variable. For the age group stratification analysis, we divided
the participants into two strata, 65 years and older and younger than 65 years, and performed a multivariable
logistic regression analysis for each stratum. We included all covariates in Model 4, including age as a continuous
variable.

To determine whether sex and age were significant effect modifiers that modify the association between mild
TBI and health-related behaviors, we further examined the interaction of mild TBI with age and sex. Interaction
terms were created by introducing variable x variable. The model to test the interaction was constructed by
adding the interaction term to model 4.

The SAS version 9.4 statistical software (SAS Institute, Cary, NC, USA) was used for statistical analysis, which
was conducted in 2023. All reported p values are two-sided. Statistical significance was set at P<0.05.

Statement of ethics

This study was performed in accordance with the ethical standards established in the Declaration of Helsinki.
The requirement for ethical approval of this study and the need to obtain informed consent was waived by the
Institutional Review Board of Seoul National University Hospital, Seoul, South Korea (IRB no. E-2212-110-
1387).

Results

Table 1 presents the characteristics of the study population, age and sex-matched between the mild TBI and
control groups at baseline (2009-2010). Fewer participants in the mild TBI group resided in urban areas or
belonged to the highest household income bracket compared to those in the control group. Conversely, the
control group had more individuals with past dyslipidemia. At baseline, the mild TBI group had a greater
prevalence of current smokers and heavy drinkers, while the proportion of participants with sufficient PA was
similar between both groups.

Table 2 presents the association of mild TBI and other related factors with insufficient PA. After full adjustment
in Model 4, mild TBI was significantly associated with an increased risk of insufficient PA at the short- (OR, 1.04;
95% CI, 1.01-1.07) and long-term (OR, 1.06; 95% CI, 1.03 —1.09) follow-ups. Covariates, including age, sex,
baseline PA, residence, and household income levels, were associated with insufficient PA at the short-term and
long-term follow-ups, while comorbidities were associated with insufficient PA only at the short-term follow-up.
In a sensitivity analysis using the modified definition of sufficient PA, mild TBI showed a significant association
with increased risk of insufficient PA at the short- (OR, 1.04; 95% CI, 1.01 —1.08) and long-term (OR, 1.06; 95%
CI, 1.03 - 1.09) follow-ups (Supplementary Table 1).

The association of mild TBI and other related factors with current smoking status is shown in Table 3. In the
fully adjusted model, mild TBI was significantly associated with an increased risk of current smoking at both
short- (OR, 1.10; 95% CI, 1.05-1.15) and long-term (OR, 1.16; 95% CI, 1.11 - 1.21) follow-ups. This was also
true for other covariates, including age, sex, baseline smoking behavior, and household income level.

The association of mild TBI and other related factors with heavy alcohol consumption is shown in Table 4.
After full adjustment, a significantly increased risk of heavy drinking was observed at both short- (OR, 1.19; 95%
CI, 1.11-1.28) and long-term (OR, 1.13; 95% CI, 1.06 —1.21) follow-ups. Among the other covariates, age, sex,
baseline alcohol drinking behavior, and household income levels were also significantly associated with heavy
alcohol consumption.

After stratification by sex, we found that mild TBI was significantly linked to insufficient PA only in women
at both short-term (OR, 1.09; 95% CI, 1.04-1.14) and long-term (OR, 1.09; 95% CI, 1.04-1.14) follow-ups. A
significant interaction between mild TBI and sex on insufficient PA was observed at the short-term follow-up (p
for interaction =0.0041). Significant interactions between mild TBI and sex, on current smoking were observed
at both short-term (p for interaction <0.001) and long-term (p for interaction <0.001) follow-ups. Furthermore,
mild TBI showed a significantly increased association with heavy drinking regardless of sex at the short-term
follow-up. There was no significant interaction between mild TBI and sex on heavy drinking (Fig. 1).

After stratification by age group, mild TBI was significantly associated with insufficient PA in the older age
group (= 65 years), at both short- and long-term follow-ups. However, in the younger age group (< 65 years), mild
TBI showed a significant association with insufficient PA only at long-term follow-up. A significant interaction
between mild TBI and age group on insufficient PA was observed at both short- (p for interaction <0.001) and
long-term (p for interaction < 0.001) follow-ups. There was no significant interaction between mild TBI and age
group on current smoking and heavy drinking (Fig. 2).

Discussion

Health-related behaviors may change up to eight years following mild TBI, with potentially increased odds of
insufficient PA, current smoking, and heavy alcohol use. Women appear to have higher odds of insufficient PA
post-mild TBI compared to women without mild TBI. They also seem to face higher odds of smoking than
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Mild TBI (n=49,212) | Without mild TBI (n=49,212) | p-value®

Age, median (IQR) 50 (41-59) 50 (41-59) 1
Age group, 1 (%)

<39 years 10,897 (22.14) 10,897 (22.14) 1
40-49 years 12,467 (25.33) 12,467 (25.33)

50-59 years 14,262 (28.98) 14,262 (28.98)

>60 years 11,586 (23.54) 11,586 (23.54)

Sex, 1 (%)

Male 24,625 (50.04) 24,625 (50.04) 1
Female 24,587 (49.96) 24,587 (49.96)

BMI, median (IQR) 23.60 (21.70-25.70) 23.70 (21.70-25.70) 0.599
BMI group, 1 (%)

<18.5 kg/m? 1,413 (2.87) 1,342 (2.73) 0.389
18.5-25 kg/m? 31,320 (63.64) 31,356 (63.72)

>25 kg/m2 16,479 (33.49) 16,514 (33.56)

Residence, n (%)

Rural 27,556 (55.99) 26,287 (53.42) <0.001
Urban 21,656 (44.01) 22,925 (46.58)

Household income level, n (%)

Quartile 1 (lowest) 9,560 (19.43) 8,937 (18.16) <0.001
Quartile 2 10,579 (21.5) 9,998 (20.32)

Quartile 3 13,879 (28.2) 13,403 (27.24)

Quartile 4 (highest) 15,194 (30.87) 16,874 (34.29)

Charlson Comorbidity Index score, 1 (%)

<2 9,978 (20.28) 9,958 (20.23) 0.692
3.4 14,725 (29.92) 14,847 (30.17)

=5 24,509 (49.8) 24,407 (49.6)

Comorbidities, 7 (%)

Diabetes mellitus 11,296 (22.95) 11,076 (22.51) 0.094
Hypertension 21,329 (43.34) 21,317 (43.32) 0.939
Dyslipidaemia 12,575 (25.55) 12,933 (26.28) 0.009
Cardiovascular diseases | 5,099 (10.36) 5,180 (10.53) 0.399
Depression 4,376 (8.89) 4,397 (8.93) 0.814
Sufficient physical activity (n, %)

Yes 9,950 (20.22) 10,041 (20.40) 0.471
No 39,262 (79.78) 39,171 (79.60)

Smoking (n, %)

Non-smoker 33,887 (68.86) 34,196 (69.49) <0.001
Ex-smoker 6,147 (12.49) 6,742 (13.70)

Current smoker 9,178 (18.65) 8,274 (16.81)
Alcohol consumption (n, %)

Non-drinker 24,939 (50.68) 27,014 (54.89) <0.001
Moderate drinker 21,719 (44.13) 20,299 (41.25)

Heavy drinker 2,554 (5.19) 1,899 (3.86)

Table 1. General characteristics of the study population at baseline (2009-2010). *P-value for the Wilcoxon
rank-sum test or chi-squared test. Abbreviations: TBI, traumatic brain injury; IQR, interquartile range; BMI,
body mass index.

men. Individuals aged > 65 years may be at higher odds of insufficient PA following TBI, compared to younger
individuals.

PA

Mild TBI is associated with a greater likelihood of reduced PA, persisting after adjustments for age, sex, pre-injury
activity levels, comorbidities, and socioeconomic status. These findings are consistent across various definitions
of PA (Supplementary Table 1), corroborating studies that noted decreased PA post-TBI'>. A systematic review
found that individuals with TBI have PA levels that are below recommended guidelinesls. However, the review
included six small studies, only two of which reported TBI severity. Both studies included patients with severe
TBI. In a study by Mercier et al., 27% of patients with mild TBI reported meeting PA guidelines post-injury,
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Short-term follow-up Long-term follow-up
(2011-2012) (2016-2017)

OR (95% CI) p-value | OR (95% CI) p-value
Mild TBI (Model 1) | 1.05 (1.01-1.08) | 0.001 | 1.07 (1.04—1.10) | <0.001
Mild TBI (Model 2) | 1.05 (1.01-1.08) | 0.002 1.07 (1.04-1.10) | <0.001
Mild TBI (Model 3) | 1.04 (1.01-1.07) | 0.011 1.06 (1.03-1.09) | <0.001
Mild TBI (Model 4) | 1.04 (1.01-1.07) | 0.012 | 1.06 (1.03-1.09) | <0.001

Age (years) 0.99 (0.99-0.99) | <0.001 | 1.00 (1.00-1.00) | <0.001
Sex

Male 1.0 1.0

Female 1.24 (1.20-1.28) | <0.001 | 1.24 (1.20—-1.27) | <0.001

Baseline sufficient PA

No 1.0 1.0

Yes 0.29 (0.28-0.30) | <0.001 | 0.37 (0.36-0.39) | <0.001
Residence

Rural 1.0 1.0

Urban 0.86 (0.84-0.89) | <0.001 | 0.82(0.79-0.84) | <0.001
Household income level

Quartile 1 (lowest) | 1.0 1.0

Quartile 2 1.10 (1.04-1.15) | <0.001 | 1.11 (1.05-1.16) | <0.001
Quartile 3 1.08 (1.03-1.14) | <0.001 |1.06 (1.01—-1.11) | 0.005

Quartile 4 (highest) | 0.91 (0.87-0.95) | <0.001 | 0.91 (0.87-0.95) | <0.001

Comorbidities

Diabetes mellitus 0.93 (0.88-0.98) | 0.014 0.98 (0.93-1.03) | 0.537

Hypertension 0.93 (0.89-0.98) | 0.006 0.97 (0.93-1.02) | 0.298
Dyslipidemia 0.92 (0.87-0.96) | 0.001 0.99 (0.94-1.04) | 0.780
CVD 0.88 (0.82-0.94) | <0.001 | 0.97 (0.91-1.04) | 0.491
Depression 0.92 (0.86-0.99) | 0.027 0.96 (0.90-1.02) | 0.276
CCI score

<2 1.0 1.0

3-4 1.01 (0.97-1.06) | 0.451 1.04 (0.99-1.08) | 0.057
=5 1.02 (0.98-1.06) | 0.300 1.02 (0.98-1.06) | 0.206

Table 2. Association of mild TBI and other related factors with insufficient PA. TBI, traumatic brain injury;
PA, physical activity; OR, odds ratio; CI, confidence interval; CVD, cardiovascular diseases; CCI, Charlson
Comorbidity Index. Model 1: Crude model. Model 2: Adjusted for age, sex, and baseline physical activity.
Model 3: Adjusted for age, sex, baseline physical activity, region of residence, and household income. Model 4:
Adjusted for age, sex, baseline physical activity, region of residence, household income, comorbidities (diabetes
mellitus, hypertension, dyslipidemia, cerebrovascular diseases, and depression), and CCI score. The odds ratios
for covariates shown in this table are based on the multivariable analysis using Model 4.

compared with 85% pre-injury?’. Unlike our research, their study was a cross-sectional cohort of patients aged
18-65 years who visited a single center. Additionally, their study did not examine the effect of age and sex.

Our findings suggest that women may be more prone to insufficient PA after mild TBI compared to women
without mild TBI, and that adults aged>65 years could remain at risk for up to 8 years. The literature on
women’s behavioral changes post-TBI is limited, with small sample sizes and lack of direct comparisons between
genders'>. One study reported lower PA levels in moderate-to-severe TBI patients aged>45 compared to the
general population?!. Our study extends these finding by indicating that adults aged > 65 are at higher odds of
insufficient PA even after mild TBL

Increased physical inactivity after TBI may stem from factors including an avoidance coping strategy, fear of
exacerbating symptoms, trauma, or falling??. It may manifest from neurobehavioral dysregulation after TBI?,
impacting an individual’s ability or inclination to engage in PA. Despite its prevalence, the precise mechanism
and underlying pathophysiology of physical inactivity following TBI remains unknown. Men and women
differ in the mechanism of injury and endogenous hormonal profiles, which may distinctly affect behavior?‘.
Disparities in PA levels according to age and sex could be attributed to barriers hindering PA engagement®.
Further studies should explore the potential association of age and sex with PA following TBI.

Smoking

The current research on smoking and TBI shows mixed results. A recent survey of Ohioans with a lifetime
TBI history found a 1.7 times higher risk of smoking?®, and a study of Canadian adults with a TBI history
reported a 2.15 times increased risk of smoking?’. However, a nationally representative cross-sectional survey of
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Short-term follow-up Long-term follow-up
(2011-2012) (2016-2017)

OR (95% CI) p-value | OR (95% CI) p-value
Mild TBI (Model 1) | 1.12 (1.09-1.16) <0.001 |1.16(1.12-1.20) | <0.001
Mild TBI (Model 2) | 1.11 (1.06-1.16) <0.001 |1.17(1.12-1.22) <0.001
Mild TBI (Model 3) | 1.10 (1.05-1.15) <0.001 |1.16(1.11-1.21) |<0.001
Mild TBI (Model 4) | 1.10 (1.05-1.15) <0.001 |1.16(1.11-1.21) |<0.001

Age (years) 0.97 (0.97-0.97) <0.001 |0.96 (0.96-0.96) | <0.001
Sex

Male 1.0 1.0

Female 0.10 (0.09-0.10) <0.001 |0.10(0.09-0.10) <0.001
Baseline smoking behavior

Non-smoker 1.0 1.0

Ex-smoker 0.57 (0.53 - 0.62) <0.001 |0.59(0.55-0.63) |<0.001
Current smoker 16.07 (15.30-16.89) | <0.001 | 9.80(9.34-10.28) | <0.001
Residence

Rural 1.0 1.0

Urban 1.01 (0.96 -1.05) 0.646 1.02 (0.98-1.07) | 0.209
Household income level

Quartile 1 (lowest) | 1.0 1.0

Quartile 2 1.05 (0.98-1.13) 0.129 0.99 (0.92-1.06) | 0.8986
Quartile 3 0.90 (0.84-0.96) 0.003 0.88 (0.82-0.94) | 0.0002

Quartile 4 (highest) | 0.81 (0.76-0.87) <0.001 |0.77(0.72-0.83) | <0.0001

Comorbidities

Diabetes mellitus 1.02 (0.95-1.10) 0.483 0.99 (0.92-1.07) | 0.888

Hypertension 1.02 (0.95-1.09) 0.51 0.99 (0.92-1.06) | 0.845
Dyslipidemia 1.02 (0.95-1.10) 0.518 0.98 (0.91-1.05) | 0.695
CVD 1.07 (0.97-1.17) 0.135 0.99 (0.90-1.09) | 0.894
Depression 1.04 (0.94-1.14) 0.436 1.04 (0.95-1.15) |0.350
CClI score

<2 1.0 1.0

3-4 1.04 (0.97-1.11) 0.215 1.03 (0.96-1.09) | 0.366
>5 1.04 (0.98-1.10) 0.175 1.05(0.99-1.11) | 0.088

Table 3. Association of mild TBI and other related factors with current smoking. TBI, traumatic brain injury;
OR, odds ratio; CI, confidence interval; CVD, cardiovascular diseases; CCI, Charlson Comorbidity Index.
Model 1: Crude model. Model 2: Adjusted for age, sex, and baseline smoking. Model 3: Adjusted for age,

sex, baseline smoking, region of residence, and household income. Model 4: Adjusted for age, sex, baseline
smoking, region of residence, household income, comorbidities (diabetes mellitus, hypertension, dyslipidemia,
cerebrovascular diseases, and depression), and CCI score. The odds ratios for covariates shown in this table are
based on the multivariable analysis using Model 4.

Canadians did not identify a significant difference in smoking risk between patients with TBI and non-injured
controls'. These studies relied on a cross-sectional design, and TBI was evaluated through self-report. Our
study adds new findings, suggesting a heightened odds of smoking among patients diagnosed with mild TBI,
particularly in women. The reasons for the differing smoking risks according to sex remain unclear, but stress
and depression, which may increase significantly after TBI??, could contribute. Previous research has highlighted
sex-specific differences in depressive symptoms after mild-to-moderate TBI, with women experiencing higher
rates of chronic stress than men in the 6-12 months following injury?. Adjusting for depression did not mitigate
the smoking risk post-TBI, indicating the possible influence of other factors.

Alcohol consumption

Substance abuse and binge drinking subsequent to TBI are well documented®!*2?°. Bogner et al. reported a
1.7-fold increased risk of heavy drinking in individuals with a TBI history®®. Moreover, a prospective study of
patients with TBI demonstrated that 17.4% of these patients were binge drinking at 1 year and 25.4% by 2 years
post-injury®®. Our study suggests that the odds of heavy drinking may increase following mild TBI and could
extend up to 7-8 years post-injury. In contrast to previous studies that reported the association of the male
sex and young age with heavy alcohol use following TBI'**, age and sex were not significant effect modifiers
following mild TBI.
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Short-term follow-up Long-term follow-up
(2011-2012) (2016-2017)

OR (95% CI) p-value | OR (95% CI) p-value
Mild TBI (Model 1) | 1.33 (1.25-1.42) <0.001 |1.26(1.18-1.34) | <0.001
Mild TBI (Model 2) | 1.20 (1.12-1.29) <0.001 |1.14(1.07-1.22) <0.001
Mild TBI (Model 3) | 1.19 (1.11-1.28) <0.001 |1.13(1.06-1.21) <0.001
Mild TBI (Model 4) | 1.19 (1.11-1.28) <0.001 |1.13(1.06-121) | <0.001

Age (years) 1.03 (1.03-1.03) <0.001 |1.02(1.01-1.02) <0.001
Sex

Male 1.0 1.0

Female 0.29 (0.26 - 0.32) <0.001 |0.24 (0.22-0.27) <0.001
Baseline alcohol-drinking behavior

Non-drinker 1.0 1.0

Moderate drinker 3.83(3.44-4.27) <0.001 |3.48(3.13-3.87) <0.001
Heavy drinker 45.78 (40.81-51.36) | <0.001 | 28.13(25.10-31.53) | <0.001
Residence

Rural 1.0 1.0

Urban 0.96 (0.89-1.03) 0.261 0.96 (0.90-1.03) 0.33
Household income level

Quartile 1 (lowest) | 1.0 1.0

Quartile 2 0.99 (0.89-1.11) 0.977 1.00 (0.90-1.11) 0.926
Quartile 3 0.95 (0.85-1.05) 0.355 0.88 (0.8-0.98) 0.021

Quartile 4 (highest) | 0.76 (0.68 - 0.84) <0.001 |0.78 (0.71-0.87) <0.001

Comorbidities

Diabetes mellitus 1.05 (0.95-1.17) 0.301 0.99 (0.89-1.11) 0.951

Hypertension 1.07 (0.97-1.19) 0.147 1.03 (0.93-1.14) 0.51
Dyslipidemia 1.09 (0.98-1.21) 0.084 0.98 (0.88-1.09) 0.815
CVD 1.13 (0.98-1.30) 0.072 1.05 (0.92-1.21) 0.432
Depression 1.03 (0.89-1.19) 0.677 0.96 (0.83-1.11) 0.614
CClI score

<2 1.0 1.0

3-4 0.88 (0.79-0.97) 0.011 0.95 (0.87-1.05) 0.393
>5 0.92 (0.84-1.01) 0.103 0.97 (0.88-1.06) 0.509

Table 4. Association of mild TBI and other related factors with heavy alcohol drinking. TBI, traumatic brain
injury; OR, odds ratio; CI, confidence interval; CVD, cardiovascular diseases; CCI, Charlson Comorbidity
Index. Model 1: Crude model. Model 2: Adjusted for age, sex, and baseline drinking. Model 3: Adjusted for
age, sex, baseline drinking, region of residence, and household income. Model 4: Adjusted for age, sex, baseline
drinking, region of residence, household income, comorbidities (diabetes mellitus, hypertension, dyslipidemia,
cerebrovascular diseases, and depression), and CCI score. The odds ratios for covariates shown in this table are
based on the multivariable analysis using Model 4.

Social disparities

Social disparities in health-related behaviors and diseases have been reported in other populations®! -3, Similarly,
our findings suggested social disparities in health behaviors among Koreans. Insufficient PA was observed to rise
significantly with rural residence. Conversely, the risk of insufficient PA, current smoking and heavy alcohol
consumption appeared lowest in the highest-income group during both short- and long-term follow-ups.

Limitations

Our research has some limitations. First, mild TBI was diagnosed based on ICD-10 codes and not a clinical
diagnosis confirmed by physicians. However, previously reported overall specificity and positive predictive value
of ICD-10 codes were high®*3. Second, our participants received regular health check-ups, potentially leading
to selection bias towards people who are somewhat health-conscious. Despite this, our results suggest that even
health-conscious people may be at risk of health-related behavioral change. Third, self-reporting was used to
evaluate health-related behavior, which may not be as reliable as objective measures. Fourth, not all possible
confounding factors, including medication, family support, education, and stress levels, were studied*®. Lastly,
information on PA intensity and amount of alcohol consumption was unavailable. Despite these limitations, our
study had strengths. It was a large population-based study with a long-term follow-up of up to eight years. We
focused specifically on mild TBI, which was not previously studied in depth!3-16.
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Subgroup

Cases Total OR (95% Cl) p-value p-inter

Insufficient physical activity

Short-term follow up

Male 37,219 49,250 0.99 (0.95-1.04) 0.929 0.004 —-—

Female 39,290 49,174 1.09(1.04-1.14) <0.001 —=
Long-term follow up

Male 35,735 49,250 1.03 (0.99-1.08) 0.077 0.100 ——

Female 38,091 49,174 1.09(1.04-1.14) <0.001 ——
Current smoking

Short-term follow up

Male 17,174 49,250 1.06 (1.01-1.11) 0.016 < 0.001 ——

Female 1,171 49,174 1.31(1.14-1.51) <0.001 ——
Long-term follow up

Male 15,290 49,250 1.11(1.06-1.16) <0.001 <0.001 ——

Female 1,034 49,174 1.44 (1.24-165) <0.001 —_—
Heavy drinking

Short-term follow up

Male 3,786 49,250 1.17(1.08-1.26) < 0.001 0.170 ——

Female 522 49,174 1.33(1.10-1.59) 0.002 —_— -
Long-term follow up

Male 3,659 49250 1.13(1.05-1.21) 0.001 0.677 ==

Female 463 49,174 1.16 (0.95-1.39) 0.135 —_—————

[ | T T T T | | I T T | 1
06 07 08 09 1 11 12 13 14 15 16 1.7 1.8
QOdds Ratios

Fig. 1. Associations of mild TBI with health-related behaviors after stratification by sex. The model for
stratification by sex was adjusted for age, baseline health-related behaviors (sufficient physical activity,
smoking, or drinking, respectively), region of residence, household income, comorbidities (diabetes mellitus,
hypertension, dyslipidemia, cerebrovascular diseases, and depression), and CCI score. The model to evaluate
the p-value for interaction was created by adding the interaction term to the full adjustment model, which

is model 4. TBI, traumatic brain injury; CCI, Charlson Comorbidity Index; OR, odds ratio; CI, confidence
interval.

Conclusion

Although mild TBI is not typically associated with long-term disabilities, it may prompt changes in health
behaviors. Patients with mild TBI aged = 65 years appear to have increased odds of insufficient PA. Women with
mild TBI may be more prone to smoking than those without mild TBI. Consequently, routine monitoring of
health behaviors, patient education, and tailored interventions for age and sex could be beneficial after mild TBI.
These findings, noted in Korea, may differ in other ethnic and socioeconomic contexts. Cross-cultural validation
is necessary to confirm these results’ applicability.
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Subgroup

Cases Total OR (95% CIl) p-value p-inter

Insufficient physical activity

Short-term follow up

< 65 years 65,754 84,766 1.02 (0.99-1.06) 0.090 <0.001 -

2 65 years 10,755 13,658 1.11(1.02-1.21) 0.012 ——
Long-term follow up

< 65 years 62,855 84,766 1.05(1.01-1.08) 0.002 <0.001 —&-

2 65 years 10,971 13,658 1.15(1.06-1.26) 0.001 ——
Current smoking

Short-term follow up

< 65 years 17,220 84,766 1.10(1.05-1.15) < 0.001 0.161 g

> 65 years 1,125 13,658 1.15(0.98-1.35) 0.081 et
Long-term follow up

< 65 years 15,566 84,766 1.17 (1.11-1.22) < 0.001 0.603 —8—

2 65 years 758 13,658 1.06 (0.89-1.25) 0.513 —_—T
Heavy drinking

Short-term follow up

< 65 years 3,440 84,766 1.21(1.12-1.31) <0.001 0.137 ——

2 65 years 868 13,658 1.11(0.93-1.30) 0.234 —
Long-term follow up

< 65 years 3,428 84,766 1.13(1.04-1.21) 0.001 0.936 —8—

2 65 years 694 13,658 1.16(0.97-1.37) 0.096 —_——————

I T T T T T T | T T T T 1
06 07 08 09 1 11 12 13 14 15 16 1.7 1.8
Odds Ratios

Fig. 2. Associations of mild TBI with health-related behaviors after stratification by age groups. The model
for stratification by age group was adjusted for age, sex, baseline health-related behaviors (sufficient physical
activity, smoking, or drinking, respectively), region of residence, household income, comorbidities (diabetes
mellitus, hypertension, dyslipidemia, cerebrovascular diseases, and depression), and CCI score. The model
to evaluate the p-value for interaction was created by adding the interaction term to the full adjustment
model, which is model 4. TBI, traumatic brain injury; CCI, Charlson Comorbidity Index; OR, odds ratio; CI,
confidence interval.

Data availability

The data that support the findings of this study are available from the Korean National Health Insurance Service
Database (NHIS-2023-1-026) but restrictions apply to the availability of these data, which were used under li-
cense for the current study and so are not publicly available. Data are however available from the corresponding
author, Byung-Mo Oh in aggregate form upon reasonable request and with permission from the Korean Nation-
al Health Insurance Service. Byung-Mo Oh had full access to all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis.
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