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Abstract

patients with MDD than in those without MDD.

Background: Frequent exposure to antibiotic treatments may increase the risk of antibiotic resistance, which may
threaten the effectiveness of future antibiotic treatments. Thus, it is important to identify the preventable risks in
terms of antibiotic use. This study assessed the association between major depressive disorder (MDD) and antibiotic
use by comparing the likelihood and extent of antibiotic use between patients with and without MDD.

Methods: This retrospective cross-sectional study utilized the National Patients Sample data from the 2017 Health
Insurance Review and Assessment Service. We analyzed 16,950 patients with MDD, defined as those with at least
two claims records stating a primary diagnosis of MDD (International Classification of Diseases, 10th revision codes
F32-33) and 67,800 patients without MDD (1:4 propensity-score matched control group). Antibiotic use was
compared between the patients with and without MDD based on three variables: the presence of antibiotic
prescriptions, total prescription days of antibiotics per year, and total medication costs of antibiotics per year.

Results: The adjusted odds ratio obtained by multivariate regression analysis for the presence of prescription of
antibiotics was 1.31 (95% confidence interval [Cl]: 1.25-1.36). In the negative binomial model, the number of
prescription days was 1.25 times (95% Cl: 1.23-1.28) higher in patients with MDD than in those without MDD.
Generalized linear model analysis showed a 1.39-fold (95% Cl: 1.36-1.43) higher cost of antibiotic prescription in

Conclusions: Our results suggest a potential association between MDD and the prescription of antibiotics, implying
that patients with MDD are relatively vulnerable to infections. It is important to prevent as well as closely monitor
the occurrence of infections when managing patients with MDD.
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Background

Depression is a common and serious medical illness
characterized by a mood disorder with the following
symptoms: a feeling of sadness, loss of interest or pleas-
ure in daily matters, difficulty in falling asleep, feeling of
worthlessness, and thoughts of death or suicide [1]. A

* Correspondence: hykang2@yonsei.ac.kr

1College of Pharmacy, Yonsei Institute of Pharmaceutical Sciences, Yonsei
University, 85 Songdogwahak-ro, Yeonsu-gu, Incheon 21983, South Korea
Full list of author information is available at the end of the article

K BMC

steady increase in the number of patients with depres-
sion imposes a substantial burden on the society. Glo-
bally, the number of patients with depression increased
by 17.8% from 183,434,000 in 2005 to 216,047,000 in
2015 [2]. Depression was predicted to be among the top
15 causes of disability-adjusted life years in 2019 [3].
Therefore, knowledge regarding the complications and
comorbid conditions of patients with depression may as-
sist in the appropriate management of these patients and
in reducing the burden on healthcare.
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Depression is not merely an emotional disorder, but it
is also associated with a high risk of infectious diseases
(ID) [4]. Previous studies have reported that major
depressive disorder (MDD) can increase the inflamma-
tory response due to elevated production of pro-inflam-
matory cytokines, such as interleukin-1 (IL-1), IL-6, and
interferon-gamma [5, 6]. This chronic inflammatory re-
sponse may alter the immune system, leading to in-
creased susceptibility to infectious agents [7, 8].
Additionally, patients with depression may be less aware
of their health conditions, such as infections, or may
seek treatment less proactively [9]. Moreover, even if
they start treatment for infection, they may recover more
slowly from infections and require more aggressive anti-
biotic treatment as compared to the general population.
Due to these physiological characteristics, patients with
depression may be vulnerable to ID, thus becoming very
likely to receive antibiotic treatments.

Antibiotic prescription is one of the most common
medical interventions for the treatment of ID and can be
used as a good indicator of the type and severity of the
ID. Frequent exposure to antibiotic treatments may in-
crease the potential for antibiotic resistance, which may
result in poor effectiveness of antibiotic treatments in
the future, and thus delayed cure. Hence, it is important
to identify the preventable risks of antibiotic use and to
develop proactive strategies to minimize these risks
effectively.

This study aimed to assess the association between de-
pression and antibiotic use by comparing the likelihood
and extent of antibiotic use between patients with and
without MDD using population-based real-world data.
Furthermore, we compared the types of ID frequently
treated with antibiotics and the types of antibiotics fre-
quently prescribed for the two groups to identify the tar-
get ID requiring close monitoring in patients with MDD.

Methods

Study patients and data source

We used the data from the 2017 Health Insurance Re-
view and Assessment Service—National Patient Sample
(2017 HIRA-NPS, serial number: HIRA-NPS-2017-
0044), which are nationally representative cross-sectional
data comprising a random sample of 3% of the total
population of South Korea (approximately 1,473,084 pa-
tients). The two-tiered National Health Security (NHS)
system in South Korea comprises the National Health
Insurance (NHI), in which the individuals contribute,
and the subsidized public assistant Medical Aid (MA).
The HIRA-NPS data include claim records for both NHI
and MA beneficiaries and provide information regarding
the diagnosis, diagnostic and medical procedures, and
prescription drugs provided during medical treatment.
Moreover, the data also include selective patient
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characteristics, such as age and sex, selective provider
characteristics, such as the medical specialty of the clini-
cians, and the type and geographic location of the
healthcare institutions. The study protocol was approved
by the Institutional Review Board of Yonsei University,
Seoul, South Korea (IRB No. 7001988-202,102-HR-
1095-01E), which waived the requirement of informed
consent from the study participants.

Patients with MDD were defined as those with at least
two claim records with a primary diagnosis of MDD
(International Classification of Diseases, 10th Revision
[ICD-10] codes F32.x [major depressive disorder, single
episode] or F33.x [major depressive disorder, recurrent]).
Since the target population of the MDD group in this
study was adult patients with MDD without severe co-
morbid conditions, we first excluded those aged below
20 years and then excluded those with claim records for
cancer, end-stage renal disease, or transplants. The non-
MDD group included patients with no claim records
that indicated a diagnosis of MDD. From both groups,
we excluded patients with records of antibiotic use dur-
ing surgery, as this would involve prophylaxis against in-
fections. After applying the inclusion and exclusion
criteria, we identified 16,950 patients with MDD and
1,136,823 patients without MDD from among 1,180,910
adults aged 20years or older in the 2017 HIRA-NPS.
We then performed 1:4 propensity score (PS) matching
[10]. We used the patients’ demographic characteristics,
such as sex, age, and the type of NHS program enrolled,
as the variables in greedy matching, which is a method
that produces balanced matched samples [11]. In esti-
mating the risk differences, a caliper width of 0.108 was
used, which is equal to 0.2 multiplied by the standard
deviation of the logit of the PS, to minimize the mean
squared error [12]. The standardized difference of the
mean was calculated as follows:

_ 22
\/Pl(l_Pz) +P2(1_l91)
2

where, p; and p, represent the prevalence of dichotom-
ous variables in the MDD and non-MDD groups, re-
spectively [13].

Figure 1 presents the flowchart of patient inclusion in
this study.

Antibiotic use

Antibiotic use was operationalized using three variables:
presence of antibiotic prescriptions, total prescription
days of antibiotics per year, and total medication costs of
antibiotics per year. If a patient had at least one claim
record of prescribed antibiotics in 2017, the variable for
prescription of antibiotics was denoted as “1.” The
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2017 HIRA-NPS data

n=1,473,084
Age <20 years
> n=292,174
v
Age >20 years
n=1,180,910

v

n=3,198

History of cancer, ESRD, or transplant

v
No history of cancer, ESRD, or transplant

n=1,177,712

v

v

>2 claim records with primary No claim record with
diagnoses of MDD diagnosis of MDD
n=17,000 n=1,138,785
.| Record of antibiotics during surgery

n=50

Record of antibiotics during surgery

n=1,962

v v

MDD group Non-MDD group: PS matched Non-MDD group
n=16,950 n=67,800 n=1,136,823

Fig. 1 Flow chart of patient inclusion in the study. n, number of patients; ESRD, end-stage renal disease; HIRA-NPS, Health Insurance Review and
Assessment-National Patient Sample; MDD, major depressive disorder; PS, propensity score

\

prescription of antibiotics was included regardless of the
patient’s treatment type, i.e., both the inpatient and out-
patient use of antibiotics were included. For patients
with a claim record of prescribed antibiotics, the total
number of prescription days and total medication costs
of antibiotics during 2017 were computed to examine
the magnitude of antibiotic use among those receiving
antibiotic therapy. Our analysis considered those antibi-
otics that had been approved and were covered by the
NHI in Korea. Additional File 1 presents the specific an-
tibiotics included in our analysis.

Data analysis
Odds ratios (ORs) were calculated for comparing the
presence of antibiotic prescriptions between the MDD

group and PS-matched non-MDD group. Wilcoxon’s
rank-sum tests were performed to compare the median
prescription days and antibiotic costs between the two
groups with patients receiving antibiotics. We developed
three regression analysis models for each variable of
antibiotic use to assess whether there were significant
differences in the antibiotic use between the MDD and
non-MDD groups. To compare the outcomes across dif-
ferent age groups, each analysis was performed for pa-
tients aged 20-49, 50-64, 65-74, and > 75 years.

A logistic regression model was used to determine
whether the patients were prescribed antibiotics at least
once in 2017. Since the total prescription days of antibi-
otics per year were an over-dispersed count variable
(mean * standard deviation: 23.4 +43.6 for the MDD
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group and 15.7 +33.8 for the non-MDD group), the
Poisson regression model or the negative binomial
model were more appropriate than the standard least
squares regression model [14, 15]. In the Lagrange
multiplier test [16] of the over-dispersion factor alpha,
the p-value was <0.0001, which rejected the Poisson
model in favor of the negative binomial model. There-
fore, we designed a negative binomial regression model
to examine the association between depression and the
total prescription days of antibiotics among those who
had been prescribed antibiotics once or more. Because
the total medication costs of antibiotics per year were
not normally distributed but had a skewed distribution
with a long right tail, we performed a modified Park test
to determine the distribution type for the variable. The
model depended on the A\, which was the exponential of
the raw-scale prediction in the relational expression with
raw-scale variance. Since the A estimate was 2.35, which
approaches 2, we designed a generalized linear model
with a gamma distribution [17].

The major independent variable was the presence of
MDD. Selected patient characteristics, such as age, sex,
and the type of NHS (NHI or MA), which were available
in the claims data and were considered to be associated
with antibiotic use, were adjusted by the PS matching
method. The regression model also included selected co-
morbid conditions known to increase the risk of ID [18,
19]. If a patient had at least one claim record with a pri-
mary or secondary diagnosis of comorbid diseases, we
assumed that the patient had the disease. Among re-
spiratory diseases, we excluded those caused by bacterial
infections, such as acute upper respiratory infections
(J00-J06), influenza and pneumonia (J09-J18), and acute
lower respiratory tract infections (J20-J22). Since the
presence of these diseases is an underlying cause of anti-
biotic use, it was not appropriate to treat it as a con-
founder in the association between depression and
antibiotic use. We used Statistical Analysis System ver-
sion 9.4 (SAS Institute, Inc., Cary, NC, USA) to analyze
the data.

Results

Characteristics of patients with and without depression
This study included 16,950 patients with MDD and
1,136,823 without MDD before the PS matching. The
male-to-female ratio of the MDD group was approxi-
mately 1:2 (5579 males and 11,371 females). The propor-
tion of patients aged >65years in the MDD group
(32.81%) was approximately twice that of the non-MDD
group (16.86%). The MDD group patients had a lower
economic status than did the non-MDD group patients:
13.66% patients of the MDD group were beneficiaries of
the subsidized public assistant MA program compared
to only 3% of the non-MDD group. The prevalence rates
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of all investigated comorbid diseases were significantly
higher in patients with MDD than in patients without
MDD. In particular, the prevalence rates of cerebrovas-
cular disease (2.5-fold higher) and congestive heart fail-
ure (2.4-fold higher) were substantially higher in patients
with MDD than in those without MDD (Table 1).

After 1:4 PS matching for the demographic character-
istics of patients, the number of patients in the non-
MDD group decreased to 67,800. The standardized
mean difference of the demographic characteristics was
equal to O, indicating that the covariates were well-
balanced between the two groups [13].

Antibiotic use

Antibiotics were prescribed 1.44 times more often for
patients with MDD (OR: 1.44, 95% confidence interval
[CI]: 1.38-1.50) than for those without MDD (PS-
matched control group). The median number of the
antibiotic prescription days per year among the patients
with MDD was significantly higher than that of the pa-
tients without MDD (13 vs. 9 days; p < 0.0001). The me-
dian antibiotic prescription cost was also significantly
higher in the MDD group than in the non-MDD group
(13.50 vs. 9.51 US dollars; p < 0.0001) (Table 2).

The top 10 principal diagnoses of claim records of pa-
tients who were prescribed antibiotics were similar be-
tween the MDD and non-MDD groups, although some
diagnoses differed between them (Table 3). For example,
the primary diagnoses of “other diseases of the urinary
system” (ICD-10 codes: N30—-N39) and “chronic lower
respiratory tract diseases” (J40—J47) were more common
in the patients with MDD than in those without MDD
(11.37% vs. 7.54 and 9.47% vs. 7.85%, respectively). The
number of prescription days and the antibiotics costs for
6 of the 10 principal diagnoses were more in the MDD
group than in the non-MDD group (Table 3). However,
the types of antibiotics prescribed were similar between
the two groups (Table 4).

Analysis of the association between MDD and antibiotic
prescriptions

Multivariate logistic regression analysis revealed a 1.31-
fold higher risk of antibiotic treatment in the patients
with MDD (95% CI: 1.25-1.36) than in those without
MDD (PS-matched control group). In the negative bino-
mial regression analysis, the number of antibiotic pre-
scription days was 1.25 times (95% CI: 1.23—1.28) higher
in patients with MDD than in those without MDD. In
the generalized linear model analysis, the cost of anti-
biotic prescriptions was 1.39 times (95% CI: 1.36—1.43)
higher in the MDD group than in the non-MDD group
(Table 5).
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Table 1 Comparison of characteristics between patients with and without major depressive disorder

Before PS? matching After PS® matching
No. patients (%) p-valueb No. patients (%) p-valueb Standardized
With MDD Without MDD With MDD Without MDD ‘:;fef:;e(';zf of
Total no. of patients 16,950 1,136,823 - 16,950 67,800
Sex
Male 5579 (32.91) 553,585 (48.70) <0.0001 5579 (32.91) 22,316 (3291) 1.0 0.000
Female 11371 (67.09) 583,238 (51.30) 11371 (67.09) 45484 (67.09) 0.000
Age groups
20-49 years 6207 (36.62) 622,844 (54.79) <0.0001 6207 (36.62) 24,828 (36.62) 1.0 0.000
50-64 years 5182 (30.57) 322,265 (28.35) 5182 (30.57) 20,728 (30.57) 0.000
65-74 years 2969 (17.52) 112,019 (9.85) 2969 (17.52) 11,876 (17.52) 0.000
275 years 2592 (15.29) 79,695 (7.01) 2592 (15.29) 10,368 (15.29) 0.000
NHS program enrolled
NHI 14,635 (86.34) 1,102,761 (97.00)  <.0001 14,635 (86.34) 58,540 (86.34) 1.0 0.000
MA 2315 (13.66) 34,062 (3.00) 2315 (13.66) 9260 (13.66) 0.000
Comorbidities
Diabetes 2949 (17.40) 113,602 (9.99) <0.0001 2949 (17.40) 9390 (13.85) < 0.0001 9.762
Peripheral vascular disease 1012 (5.97) 30,454 (2.68) < 0.0001 1012 (5.97) 2745 (4.05) <0.0001 8.801
Cerebrovascular disease 1368 (8.07) 37,440 (3.29) <0.0001 1368 (8.07) 3330 (4.91) < 0.0001 12.797
Myocardial infarction 117 (0.69) 5236 (0.46) <0.0001 117 (0.69) 401 (0.59) 0.1398 1.238
Congestive heart failure 301 (1.78) 8445 (0.74) < 0.0001 301 (1.78) 744 (1.10) <0.0001 5699
Non-alcoholic fatty liver disease 490 (2.89) 19,458 (1.71) <0.0001 490 (2.89) 1247 (1.84) < 0.0001 6.916
Obesity 40 (0.24) 990 (0.09) <0.0001 40 (0.24) 50 (0.07) < 0.0001 4125
Respiratory disease 6265 (36.96) 290,372 (25.54) <0.0001 6265 (36.96) 18,969 (27.98) <0.0001 19.098
Rheumatoid arthritis 361 (2.13) 11,804 (1.04) <00001 361 (2.13) 880 (1.30) <0.0001 6406

Patients without MDD were matched with patients with MDD by propensity score based on demographic characteristics, i.e., age, sex, and the type of NHS
program enrolled

BChi-square tests across the MDD and non-MDD groups

MA medical aid, MDD major depressive disorder, NHI National Health Insurance, NHS National Health Security, PS propensity score

Table 2 Comparison of antibiotic use between patients with and without major depressive disorder

Presence of claim records of Total annual Total annual medication costs
prescribed antibiotics prescription days of  of antibiotics per patient with
antibiotics per claim records of prescribed
patient with claim antibiotics (US dollars?)
records of prescribed
antibiotics
Per 10,000 patients Crude OR Median p-value Median p-value
(95% ClI) (Q1,Q3) (Q1,Q3)
PS-matched patients without MDD (n=67,800) 7208 - (reference) 94,18 - 951 (4.25,20.72) -
Patients with MDD (n = 16,950) 7881 144 (138,1.50) 13 (6,27) <.0001° 1350 (5.53,31.14)  <0.0001¢

@1 US dollar approximately equals 1200 Korean won

PPatients without MDD were matched with patients with MDD by propensity score based on demographic characteristics, i.e., age, sex, and the type of National
Health Security program enrolled

Results of Wilcoxon rank sum tests compared with patients without MDD

Cl confidence interval, MDD major depressive disorder, OR odds ratio, PS propensity score, Q1 25th percentile, Q3 75th percentile
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Table 3 Comparison of frequent primary diagnoses in claims records with prescribed antibiotics

Rank Patients with MDD (n =16,950) PS-matched patients without MDD?

(n=67,800)
Description (ICD-10 % of Median Rx Median drug Description (ICD-10 % of Median Rx Median drug
codes) patients days (Q1, costs (Q1, Q3), codes) patients days (Q1, costs (Q1, Q3),
Q3) (US dollar) Q3) (US dollar)

1 Other acute lower 2619 6(3,107  548(328,1060)" Other acute lower 2467 5(3,9) 478 (3.03, 8.83)
respiratory infections respiratory infections
(J20-J22) (J20-J22)

2 Diseases of oral cavity 2493 5(3,8) 265 (1.18, 5.48)" Diseases of oral cavity 23.85 5(3,8) 2.65 (0.95, 5.30)
and salivary glands (KOO- and salivary glands (K0O-
K14) K14)

3 Acute upper respiratory  22.25 53,97 478(287,908)""  Acute upper respiratory  20.26 43,8 436 (2.68, 8.24)
infections (JOO-JO6) infections (JOO-J06)

4 Other diseases of the 1553 63,11 572(3.18,11.53)"  Other diseases of the 1354 5(3,9 504 (3.09, 10.1)
upper respiratory tract upper respiratory tract
(J30-J39) (J30-J39)

5 Other diseases of the 1137 74,14 643 (3.29,1354)"  Chronic lower respiratory 7.85 5(3,9) 548(3.28, 10.18)
urinary system (N30-N39) diseases (J40-J47)

6 Chronic lower respiratory 947 63,12 657348142  Disorders of eyelid, 779 3(1,5) 525 (2.80, 841)
diseases (J40-J47) lacrimal system and orbit

(H00-HO5)

7 Infections of the skin and 8.83 5(3,9) 426 (2.29, 8.24) Disorders of conjunctiva  7.70 1(1,3) 3.05 (246, 5.64)
subcutaneous tissue (H10-H11)
(LOO-L08)

8 Disorders of eyelid, 8.59 3 (1, 5)* 468 (2.80, 8.22)* Other diseases of the 7.54 7 (4,12) 573 (3.18,11.28)
lacrimal system and orbit urinary system (N30-N39)
(H00-H05)

9 Inflammatory diseases of 848 63,11 304(094,682)"" Infections of the skin and 744 5(3,8) 426 (263,781)
female pelvic organs subcutaneous tissue
(N70-N77) (LOO-L0O8)

10 Disorders of conjunctiva 833 1(1,3) 3.37 (2,59, 5.98) Inflammatory diseases of  6.07 529 2.29 (048, 5.67)

(H10-H11)

female pelvic organs
(N70-N77)

For each diagnosis, a Wilcoxon rank sum test was performed to compare the MDD patients with those without MDD

1 US dollar equals approximately 1200 Korean won
*p < 0.05; **p < 0.001; **p < 0.0001

Patients without MDD were matched with patients with MDD by propensity score based on demographic characteristics, i.e.,, age, sex, and the type of National

Health Security program enrolled

ICD International Classification of Diseases, MDD major depressive disorder, PS propensity score, Q1 25th percentile, Q3 75th percentile, Rx prescription

Subgroup analysis according to age group

The subgroup analysis according to the four age groups
(20-49, 50-64, 65-74, and > 75years) showed that as
the age increased, the positive association between MDD
and the risk of antibiotic treatment also increased. Add-
itionally, the positive association between MDD and the
number of antibiotic prescription days and the antibiotic
prescription costs increased with age; however, it was
not significantly associated with the older age group
(=75 years) (Fig. 2).

Discussion

This population-based epidemiological study investi-
gated the association between MDD and antibiotic use.
We compared the characteristics of antibiotic use be-
tween the MDD and non-MDD groups to assess depres-
sion as a risk factor for increased utilization of
healthcare resources. Our hypothesis that MDD is

associated with a high risk of antibiotic use was con-
firmed using three variables: presence of antibiotic pre-
scriptions, antibiotic prescription days, and antibiotic
medication costs (Table 5).

Although there was no marked difference in the types
of frequent ID between the two groups, the antibiotic
prescription days and medication costs for the same ID
were higher in patients with MDD than in those without
MDD. This implies that patients with MDD may experi-
ence more severe infections with similar ID and may re-
quire a longer treatment time as compared to those
without. The most frequently administered types of anti-
biotics were almost identical between the MDD and
non-MDD groups, which could be because the most fre-
quent types of ID were also similar between the two
groups.

The subgroup analysis for different age groups showed
that the positive association between MDD and the risk
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Table 4 Comparison of the type of prescribed antibiotics between patients with and without major depressive disorder

Rank Patients with MDD (n = 16,950) PS-matched patients without MDD?
(n=67,800)

Antibiotic type

Antibiotic type Proportion (%) Proportion (%)

1 Cephalosporins 3265 Cephalosporins 31.98
2 Penicillins 21.88 Penicillins 2417
3 Quinolones 19.11 Quinolones 18.14
4 Aminoglycosides 1537 Aminoglycosides 14.58
5 Macrolides 520 Macrolides 559
6 Tetracyclines 244 Tetracyclines 224
7 Sulfonamides 1.05 Sulfonamides 1.21
8 Antituberculosis 0.84 Antituberculosis 1.1
9 Carbapenems 0.59 Carbapenems 0.38
10 Glycopeptides 047 Glycopeptides 032
11 Others 035 Others 0.28
12 Oxazolidinones 0.03 Oxazolidinones 0.02
13 Monobactams 0.02 Monobactams 0.01
Total 100 100

Patients without MDD were matched with patients with MDD by propensity score based on demographic characteristics, i.e., age, sex, and the type of National
Health Security program enrolled
MDD major depressive disorder, PS propensity score

Table 5 Results of regression analysis of the association between major depressive disorder and antibiotic use

Use of antibiotics, OR Days of antibiotic prescription, Factor Drug costs of antibiotics, Factor

(95% Cl) change® (95% Cl) change® (95% Cl)
Depression
Without MDDP - (reference) - (reference) - (reference)
With MDD 1.31 (1.25-1.36) 1.25(1.23-1.28) 1.39 (1.36-143)

Comorbidities

Diabetes

Peripheral vascular
disease

Cerebrovascular disease
Myocardial infarction
Congestive heart failure

Non-alcoholic fatty liver
disease

Obesity
Respiratory disease

Rheumatoid arthritis

Dispersion parameter

p-value for LM test®

1.14 (1.09-1.20)
140 (1.29-1.53)

0.98 (0.92-1.05)
0.97 (0.79-1.19)
1.04 (0.90-1.22)
141 (1.25-1.60)

1.52 (0.86-2.68)
349 (3.35-3.64)
1.50 (1.29-1.74)

1.25 (1.23-1.28)
1.10 (1.06-1.14)

25 2o
TroEY
RN

1.16 (0.93-1.46)
1.63 (1.60-1.66)
2.55(240-2.71)

0.965 (0.955-0.976)

<0.0001

1.56 (1.52-1.61)
0.98 (0.93-1.02)

227 (2.18-237)
2.17 (1.92-247)
2.86 (262-3.12)

41 (1.32-1.50)

0.87 (0.66-1.16)
1.66 (1.62-1.69)
1.29 (1.19-1.39)

Each of the regression models was adjusted by demographic characteristics, such as age, sex, and the type of National Health Security program enrolled, using a
propensity score matching method
“Exp (coefficient estimate) =
PPatients without MDD were matched with patients with MDD by propensity score based on demographic characteristics, i.e., age, sex, and the type of National
Health Security program enrolled
“Lagrange multiplier (LM) test of the over-dispersion factor alpha

Cl confidence interval, LM test Lagrange multiplier test, MDD major depressive disorder, OR odds ratio

Factor change in expected prescription days and drug costs for a unit increase in a covariate
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MDD vs non-MDD

Antibiotic use
1.308
>20 years

0.898
20-49
1.484
50-64

65-74

>75

Prescription days
1.253
>20 years

20-49
1.403
50-64
1.458

65-74
>75 q—o—q

Drug costs
1.394
>20 years
1.077
20-49
1.695
50-64

65-74

1.060
>75 —e—

1.739

1.805

2.897

0.40 0.60 0.80 1.00 1.20 1.40 1.60

Fig. 2 Regression analysis of the association between major depressive disorder and antibiotic use in different age groups. Each of the regression
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of antibiotic use increased with age (Fig. 2). For young
and middle-aged adults (i.e., 2049 years), the likelihood
of receiving antibiotic treatment was not higher in the
MDD group when compared with the non-MDD group
(OR: 0.898). However, among the patients in their 50s, a
significantly higher risk of antibiotic use was observed in
the MDD group than in the non-MDD group (OR:
1.484), which increased to an OR of 1.805 for those aged
>75 years. This finding suggests the need for close moni-
toring to prevent ID in older patients with MDD. The
positive associations between MDD and antibiotic pre-
scription days and drug costs strengthened with age in
those aged below 74 years. However, in the oldest age
group (=75 years), MDD was neither significantly associ-
ated with the number of antibiotic prescription days nor
with the antibiotic costs. This implies that in older pa-
tients treated with antibiotics, MDD might not be a con-
tributing factor influencing prolonged antibiotic
treatment or high antibiotic costs.

Depression increases the production of several inflam-
matory cytokines, including IL-1, IL-6, and interferon-
gamma [5, 6]. IL-6 activates the hypothalamic-pituitary-
adrenal axis activity and increases the plasma

concentrations of adrenocorticotropic hormone and cor-
tisol, which induce multiple adverse immunological
changes that make patients with depression susceptible
to infection [20]. Depression also induces direct adverse
effects on the immune system, including downregulation
of the cellular and humoral responses [21]. Moreover,
people with depression may be less aware of their health
conditions, such as infections, or may be less proactive
about treatment [9]. They are also likely to be suscep-
tible to several diseases through unhealthy habits such
as lack of sleep, alcoholism, drug abuse, poor nutrition,
and reduced exercise [22]. Since patients with depression
are more susceptible to ID and lack a healthy lifestyle as
compared to those without depression, their use of anti-
biotics and the total prescription days will tend to be
higher. Therefore, patients with depression will incur
higher antibiotic costs as compared to the general popu-
lation. However, in the literature, there is conflicting evi-
dence regarding the causal relationship between MDD
and antibiotic exposure or ID. Some studies have shown
an association between antibiotic use and subsequent
depression. For example, a nested case-control study re-
ported that antibiotic treatment was associated with a
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high risk of depression (adjusted OR: 1.23 [95% CI:
1.18-1.29] for penicillins and 1.25 [95% CI: 1.15-1.35]
for quinolones) [23]. Children and adolescents with en-
terovirus infection with central nervous system involve-
ment had a 1.62-fold higher risk of depression than that
of the control group (adjusted hazard ratio: 1.62, 95%
CI: 1.02—2.58) [24]. Other studies have shown an inverse
causal association. For example, a prospective cohort
study reported that maternal depressive symptoms dur-
ing pregnancy predicted significantly high rates of acute
otitis media in infants [25]. Alvarodo-Esquivel et al. re-
ported approximately twice as many cases of Toxo-
plasma gondii infection among patients with depression
than in those without depression (OR: 2.14; 95% CL
1.00-4.59) [26]. Our study provided evidence regarding
the association between MDD and antibiotic use. How-
ever, because this was only a 1-year long cross-sectional
study, we were unable to identify the temporal associa-
tions between MDD onset and antibiotic treatment.

This study has several limitations. First, because only
patients with MDD with insurance claim records were
included in the study, our analysis does not reflect the
healthcare utilization behaviors of patients with undiag-
nosed or untreated MDD. Notably, people tend to
search for diagnoses and treatments for psychiatric con-
ditions, including MDD, less actively than for other con-
ditions because they are concerned about social taboo
and the potential disadvantages of patients with psychi-
atric conditions [27, 28]. Thus, the extent of under-
diagnosis may be greater for MDD than for other dis-
eases. Second, our study may have included inappropri-
ate prescriptions of antibiotics. Fleming-Dutra et al.
reported that only 69.8% of antibiotic prescriptions were
appropriate, with the remaining prescriptions considered
unnecessary [29]. Another study reported the appropri-
ate use of antibiotics in 59.7% of patient prescriptions
[30]. Since we could not distinguish between the in-
appropriate and appropriate prescriptions using the
claims data, our study may have included inappropriate
prescriptions.

Conclusion

In summary, our analysis demonstrated a significant as-
sociation between MDD and the risk of receiving anti-
biotic treatment, suggesting the susceptibility of patients
with MDD to ID. Higher utilization of healthcare re-
sources in terms of antibiotic prescription days and drug
costs was observed in patients with MDD than in those
without MDD for the same type of ID. Finally, the risk
of being treated with antibiotics increased with age in
the MDD group as compared to the non-MDD group.
Thus, efforts should be made to prevent new episodes of
depression in the older population.

Page 9 of 10

Abbreviations

Cl: confidence interval; HIRA-NPS: Health Insurance Review and Assessment
Service-National Patient Sample data; ICD-10: International Classification of
Diseases, 10th revision; ID: infectious diseases; IL: interleukin; MA: medical aid;
MDD: major depressive disorder; NHI: National Health Insurance; OR: odds
ratio; PS: propensity score

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512888-021-03550-2.

Additional file 1 List of antibiotics included in the analysis. This table
describes the World Health Organization-anatomical therapeutic chemical
classification system (WHO-ATC) codes and antibiotic types included in
the analysis of this study

Acknowledgments

This study used data from the 2017 HIRA-NPS data (Serial number: HIRA-NPS-
2017-0044). The Ministry of Health and Welfare and the Health Insurance Re-
view and Assessment Service did not play any role in the study analysis.

Author details

JWL, RPh is a registered pharmacist and a Master's student majoring in social
and administrative pharmacy at the College of Pharmacy, Yonsei University,
South Korea. HL, PhD is an assistant professor at the College of Pharmacy,
Ajou University, South Korea. Her major research areas are
pharmacoeconomics and health outcomes research. HYK, PhD is a professor
at the College of Pharmacy, Yonsei University in South Korea, and her major
research areas are health policy analysis and pharmacoeconomics.

Authors’ contributions

JWL participated in the conceptualization of the study, data analysis, and
wrote the main manuscript. HL interpreted the study results and reviewed
the manuscript. HYK developed the study design and prepared the final
draft of the manuscript. All authors read and approved the final manuscript.

Funding
This study did not receive financial support from any funding sources.

Availability of data and materials

The authors used data from the HIRA-NPS for this study and do not have
permission to share these data. Researchers can request data access from
the Health Insurance Review and Assessment Service (http://opendata.hira.or.
kr).

Declarations

Ethics approval and consent to participate

The study protocol was approved by the Institutional Review Board of
Yonsei University, Seoul, South Korea (IRB No. 7001988-202102-HR-1095-01E),
which waived the need for informed consent from the study population.
Additionally, this study was conducted in accordance with the relevant
regulations and guidelines of Yonsei University Institutional Review Board.

Consent for publication
All authors have agreed to publish this paper in BMC Psychiatry.

Competing interests
The authors do not have any competing financial interests to declare.

Author details

!College of Pharmacy, Yonsei Institute of Pharmaceutical Sciences, Yonsei
University, 85 Songdogwahak-ro, Yeonsu-gu, Incheon 21983, South Korea.
Graduate Program of Industrial Pharmaceutical Science, Yonsei University,
Incheon, South Korea. *College of Pharmacy, Ajou University, Suwon, South
Korea.


https://doi.org/10.1186/s12888-021-03550-2
https://doi.org/10.1186/s12888-021-03550-2
http://opendata.hira.or.kr
http://opendata.hira.or.kr

Lee et al. BMC Psychiatry

(2021) 21:536

Received: 29 March 2021 Accepted: 5 October 2021
Published online: 28 October 2021

References

1.

20.

Liao CH, Chang CS, Muo CH, Kao CH. High prevalence of herpes zoster in
patients with depression. J Clin Psychiatry. 2015;76(9):¢1099-104. https://doi.
0rg/10.4088/JCP.14m09311.

Vos T, Allen C, Arora M, Barber RM, Bhutta ZA, Brown A, et al. Global,
regional, and national incidence, prevalence, and years lived with disability
for 310 diseases and injuries, 1990-2015: a systematic analysis for the global

burden of disease study 2015. Lancet. 2016;388(10053):1545-602. https://doi.

0rg/10.1016/50140-6736(16)31678-6.

GBD 2019 Diseases and Injuries Collaborators. Global burden of 369
diseases and injuries in 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019. Lancet.
2020;396(10258):1204-22.

Andersson NW, Goodwin RD, Okkels N, Gustafsson LN, Taha F, Cole SW,

et al. Depression and the risk of severe infections: prospective analyses on a
nationwide representative sample. Int J Epidemiol. 2016;45(1):131-9. https://
doi.org/10.1093/ije/dyv333.

O'Brien SM, Scott LV, Dinan TG. Cytokines: abnormalities in major
depression and implications for pharmacological treatment. Hum
Psychopharmacol. 2004;19(6):397-403. https://doi.org/10.1002/hup.609.

Dahl J, Ormstad H, Aass HC, Malt UF, Bendz LT, Sandvik L, et al. The plasma
levels of various cytokines are increased during ongoing depression and are
reduced to normal levels after recovery. Psychoneuroendocrinology. 2014;
45:77-86. https://doi.org/10.1016/j.psyneuen.2014.03.019.

Irwin MR, Cole SW. Reciprocal regulation of the neural and innate immune
systems. Nat Rev Immunol. 2011;11(9):625-32. https://doi.org/10.1038/nri3
042.

Miller AH, Maletic V, Raison CL. Inflammation and its discontents: the role of
cytokines in the pathophysiology of major depression. Biol Psychiatry. 2009;
65(9):732-41. https://doi.org/10.1016/j.biopsych.2008.11.029.

Seminog OO, Goldacre MJ. Risk of pneumonia and pneumococcal disease
in people with severe mental illness: English record linkage studies. Thorax.
2013;68(2):171-6. https://doi.org/10.1136/thoraxjnl-2012-202480.

Brookhart MA, Schneeweiss S, Rothman KJ, Glynn RJ, Avorn J, Stirmer T.
Variable selection for propensity score models. Am J Epidemiol. 2006;
163(12):1149-56. https://doi.org/10.1093/aje/kwj149.

Gu XS, Rosenbaum PR. Comparison of multivariate matching methods:

structures, distances, and algorithms. J Comput Graph Stat. 1993;2(4):405-20.

Austin PC. Optimal caliper widths for propensity-score matching when
estimating differences in means and differences in proportions in
observational studies. Pharm Stat. 2011;10(2):150-61. https://doi.org/10.1
002/pst433.

Zhang Z, Kim HJ, Lonjon G, Zhu Y, written on behalf of AME Big-Data
Clinical Trial Collaborative Group. Balance diagnostics after propensity score
matching. Ann Transl Med. 2019;7(1):16.

Ver Hoef JM, Boveng PL. Quasi-Poisson vs. negative binomial regression:
how should we model overdispersed count data. Ecology. 2007,88(11):
2766~72. https://doi.org/10.1890/07-0043.1.

Lee JH, Han G, Fulp WJ, Giuliano AR. Analysis of overdispersed count data:
application to the human papillomavirus infection in men (HIM) study.
Epidemiol Infect. 2012;140(6):1087-94. https://doi.org/10.1017/50950268811
00166X.

Falk CF, Monroe S. On Lagrange multiplier tests in multidimensional item
response theory: information matrices and model misspecification. Educ
Psychol Meas. 2018,;78(4):653-78. https://doi.org/10.1177/0013164417714506.
Manning WG, Mullahy J. Estimating log models: to transform or not to
transform. J Health Econ. 2001;20(4):461-94. https://doi.org/10.1016/S0167-
6296(01)00086-8.

Abu-Ashour W, Twells LK, Valcour JE, Gamble JM. Diabetes and the
occurrence of infection in primary care: a matched cohort study. BMC Infect
Dis. 2018;18(1):67. https.//doi.org/10.1186/512879-018-2975-2.

Crowson CS, Hoganson DD, Fitz-Gibbon PD, Matteson EL. Development
and validation of a risk score for serious infection in patients with
rheumatoid arthritis. Arthritis Rheum. 2012;64(9):2847-55. https://doi.
0rg/10.1002/art.34530.

Miller AH. Neuroendocrine and immune system interactions in stress and
depression. Psychiatr Clin North Am. 1998;21(2):443-63. https://doi.org/10.1
016/50193-953X(05)70015-0.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Page 10 of 10

Kiecolt-Glaser JK, Glaser R. Depression and immune function: central
pathways to morbidity and mortality. J Psychosom Res. 2002;53(4):873-6.
https://doi.org/10.1016/50022-3999(02)00309-4.

Kiecolt-Glaser JK, Glaser R. Methodological issues in behavioral immunology
research with humans. Brain Behav Immun. 1988;2(1):67-78. https://doi.
0rg/10.1016/0889-1591(88)90007-4.

Lurie |, Yang YX, Haynes K, Mamtani R, Boursi B. Antibiotic exposure and the
risk for depression, anxiety, or psychosis: a nested case-control study. J Clin
Psychiatry. 2015;76(11):1522-8. https//doi.org/10.4088/JCP.15m09961.

Liao YT, Hsieh MH, Yang YH, Wang YC, Tsai CS, Chen VC, et al. Association
between depression and enterovirus infection: a nationwide population-
based cohort study. Medicine (Baltimore). 2017,96(5):¢5983. https://doi.org/1
0.1097/MD.0000000000005983.

Schuez-Havupalo L, Lahti E, Junttila N, Toivonen L, Aromaa M, Rautava P,

et al. Parents' depression and loneliness during pregnancy and respiratory
infections in the offspring: a prospective birth cohort study. PLoS One. 2018;
13(9):20203650. https://doi.org/10.1371/journal.pone.0203650.
Alvarado-Esquivel C, Sdnchez-Anguiano LF, Hernandez-Tinoco J, Berumen-
Segovia LO, Torres-Prieto YE, Estrada-Martinez S, et al. Toxoplasma Gondii
infection and depression: a case-control Seroprevalence study. Eur J
Microbiol Immunol (Bp). 2016;6(2):85-9. https://doi.org/10.1556/1886.2016.
00010.

Clement S, Schauman O, Graham T, Maggioni F, Evans-Lacko S,
Bezborodovs N, et al. What is the impact of mental health-related stigma
on help-seeking? A systematic review of quantitative and qualitative studies.
Psychol Med. 2015;45(1):11-27. https://doi.org/10.1017/50033291714000129.
Knaak S, Mantler E, Szeto A. Mental illness-related stigma in healthcare:
barriers to access and care and evidence-based solutions. Healthc Manage
Forum. 2017;30(2):111-6. https;//doi.org/10.1177/0840470416679413.
Fleming-Dutra KE, Hersh AL, Shapiro DJ, Bartoces M, Enns EA, File TM Jr,

et al. Prevalence of inappropriate antibiotic prescriptions among US
ambulatory care visits, 2010-2011. Jama. 2016;315(17):1864-73. https://doi.
org/10.1001/jama.2016.4151.

Evirgen O, Onlen Y, Ertan O. The intensity of antibiotic usage in the
university hospital and the investigation of an inappropriate use of
antibiotics. Bratisl Lek Listy. 2011;112(10):595-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.4088/JCP.14m09311
https://doi.org/10.4088/JCP.14m09311
https://doi.org/10.1016/S0140-6736(16)31678-6
https://doi.org/10.1016/S0140-6736(16)31678-6
https://doi.org/10.1093/ije/dyv333
https://doi.org/10.1093/ije/dyv333
https://doi.org/10.1002/hup.609
https://doi.org/10.1016/j.psyneuen.2014.03.019
https://doi.org/10.1038/nri3042
https://doi.org/10.1038/nri3042
https://doi.org/10.1016/j.biopsych.2008.11.029
https://doi.org/10.1136/thoraxjnl-2012-202480
https://doi.org/10.1093/aje/kwj149
https://doi.org/10.1002/pst.433
https://doi.org/10.1002/pst.433
https://doi.org/10.1890/07-0043.1
https://doi.org/10.1017/S095026881100166X
https://doi.org/10.1017/S095026881100166X
https://doi.org/10.1177/0013164417714506
https://doi.org/10.1016/S0167-6296(01)00086-8
https://doi.org/10.1016/S0167-6296(01)00086-8
https://doi.org/10.1186/s12879-018-2975-2
https://doi.org/10.1002/art.34530
https://doi.org/10.1002/art.34530
https://doi.org/10.1016/S0193-953X(05)70015-0
https://doi.org/10.1016/S0193-953X(05)70015-0
https://doi.org/10.1016/S0022-3999(02)00309-4
https://doi.org/10.1016/0889-1591(88)90007-4
https://doi.org/10.1016/0889-1591(88)90007-4
https://doi.org/10.4088/JCP.15m09961
https://doi.org/10.1097/MD.0000000000005983
https://doi.org/10.1097/MD.0000000000005983
https://doi.org/10.1371/journal.pone.0203650
https://doi.org/10.1556/1886.2016.00010
https://doi.org/10.1556/1886.2016.00010
https://doi.org/10.1017/S0033291714000129
https://doi.org/10.1177/0840470416679413
https://doi.org/10.1001/jama.2016.4151
https://doi.org/10.1001/jama.2016.4151

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study patients and data source
	Antibiotic use
	Data analysis

	Results
	Characteristics of patients with and without depression
	Antibiotic use
	Analysis of the association between MDD and antibiotic prescriptions
	Subgroup analysis according to age group

	Discussion
	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgments
	Author details
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

