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Purpose: This article was to investigate the association between urinary tract infections (UTIs) and high weight status in infancy.
Methods: We conducted a nationwide matched cohort study from January 2018 to December 2020 using data from the Korean
National Health Insurance System and the Korean National Health Screening Program for Infants and Children. We analyzed the
association between UTI diagnosis codes and high weight status (which was defined as being in the 90th percentile or higher of
weight-for-age).

Results: We found that 22.8% of infants with UTIs exhibited high weight status, compared to 20.0% of non-UTI infants (P<0.001).
Per our multivariable analyses, the adjusted odds ratio for high weight status was 1.09 (95% confidence interval, 1.06-113).
Conclusions: UTI in the first 12 months of life was associated with a weight-for-age percentile of 290. Our findings corroborate

those of previous single-center studies and emphasize the importance of careful monitoring for this at-risk group.
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Introduction

Urinary tract infections (UTIs) are among the most prevalent
bacterial infections in children [1], and their incidence stands
at approximately 70% in febrile infants aged under 24 months
[2]. Although UTIs have been considered to have a relatively be-
nign course, potential complications such as kidney scars may
develop. Kidney scarring, which occurs in approximately 15% of
children following UTIs, can result in long-term severe conse-
quences such as chronic kidney disease [3]. Consequently, con-
scious efforts to prevent UTIs and the accurate identification of

their underlying risk factors are critical.

Infantile obesity, once considered benign and without sig-
nificant concerns, has more recently been linked to childhood
obesity; the body mass index (BMI) value of an infant is reported
to be associated with their BMI value at the age of 5 years [4].
Considering the substantial role of adipose tissue in immune
responses, deviations in adipose tissue quantities could po-
tentially impact the immune system, resulting in increased
susceptibility to infections [5]. Indeed, in the United States, an
analysis of an inpatient database comprising subjects aged 2
to 20 years demonstrated a significantly increased risk of UTIs
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among obese females [6]. However, there is a paucity of spe-
cific data concentrating on the infantile period (during which
UTIs are most prevalent). Two separate studies involving young
children have been reported, both indicating an association be-
tween obesity and UTIs, although they were both single-center
retrospective studies [7,8]. Infants may have prolonged contact
with feces due to the lack of toilet training, leading to a higher
incidence of ascending infantile UTIs. In addition to immune
system alterations caused by adipose tissue, it is suspected that
obese infants may have an abundance of internal bacteria in
their perineal area due to its large contact surface, although this
has not been confirmed by previous studies. In prior studies, a
correlation was demonstrated between obesity and an increase
in Escherichia coli within the gut microbiota, the most prevalent
pathogen associated with UTIs [9,10]. Despite the existence of
these predisposing factors, there is still a paucity of research
specifically focusing on infantile UTIs and their association
with body weight status. Recently, Yim et al. [11] conducted a
nationwide cohort study to identify the association between
body weight status and UTI development among children aged
4to 71 months, in which they found that body weight status was
associated with the development of UTIs among children aged
2to 6years.

In this nationwide population-based matched cohort study,
we aimed to identify the association between body weight sta-
tus and UTI during infancy, using data from the Korean Nation-
al Health Information Database (NHID) and the Korean Nation-
al Health Screening Program for Infants and Children (NHSPIC)
data.

Methods

We conducted a nationwide population-based matched cohort
study of Korean children born between January 1, 2017, and
December 31, 2019, using NHID and NHSPIC data. Briefly, NHID
data are provided by the Korean National Health Insurance
System (NHIS), a Korean Ministry of Health and Welfare-af-
filiated mandatory healthcare system covering 99.4% of the
51 million people in South Korea. Korean NHSPIC is a health
screening program for infants and children during well-baby
check-up visits [12,13]. All children are eligible to participate in
the NHSPIC seven times:i.e., at the ages of 4-6 months (1st), 9-12
months (2nd), 18-24 months (3rd), 30-36 months (4th), 42-48
months (5th), 54-60 months (6th), and 66-71 months (7th).
Each program entails physical examination, anthropometric
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parameter (including height and weight) measurements, ques-
tionnaires, and anticipatory guidance for their age. The rate of
participation in NHSPIC among all Korean children was 83.0%
in 2020 [14], which implies that the results of NHSPIC can ade-
quately represent the health status of Korean children.

Children eligible for this study were those who had claims
data for UTIs at any time before reaching 12 months of age and
who participated in the first NHSPIC examination between
January 2018 and December 2020. UTIs were identified ac-
cording to ICD-10 codes, which include acute pyelonephritis
(APN) (N10), acute cystitis (N300, N30.8, N309, and B374), and
unspecified UTI (N390 and P39.3). Controls were children who
had visited the well-baby clinic and undergone the 1st NHSPIC
examination without being diagnosed with UTIs. They were
matched one-to-one with the study participants based on their
birth year, birth month, and sex. Children with complex chronic
conditions were excluded, derived from the Pediatric complex
chronic conditions classification system version 2 [15].

Weight status, measured between 4 and 6 months of age,
was dichotomized as at or above the 90th percentile and below
the 90th percentile. We considered the following variables as
covariates: sex, prematurity, parents socioeconomic status, and
place of residence (categorized into capital, metropolitan, and
rural). Data regarding income and area of residence were ob-
tained from the NHIS qualification data, and information about
prematurity was sourced from the 1st NHSPIC questionnaire.
Categorical variables were presented as counts and percentag-
es. We compared infants with UTI and those without UTI using
a chi-square test. To investigate a potential association between
high weight and UTI status, we performed a multivariable logis-
tic regression analysis. We conducted two sensitivity analyses:
first, we included the status of vesicoureteral reflux (VUR) and
constipation as covariates (since they are known risk factors for
UTIs) in sensitivity analysis model 1. Additionally, we excluded
infants diagnosed with VUR from sensitivity analysis model 2.
VUR was defined as having a diagnosis code of N13.7 or Q627
while constipation was defined as having a diagnosis code of
K59.0. All statistical analyses were performed using R-project
version 4.2.6 (R Foundation for Statistical Computing). The
threshold for statistical significance was set at P<0.05.

Results

Baseline characteristics
A total of 153,453 children who experienced UTIs in infancy

https://doi.org/10.3339/ckd.23.020


https://doi.org/10.3339/ckd.23.020

Parketal. Association of UTI and weight status

and received the 1st NHSPIC between January 1, 2018, and De-
cember 31, 2020, were enrolled. Among them, children with
complex chronic conditions were excluded (n=17,927), leaving
135,526 infants affected by UTIs and 133,526 matched children
not affected by them who were eligible for the main analysis (Fig.
1). Among them, 139,583 (51.9%) were boys and 3.88% (10,435)
were born prematurely (Table 1).

Association between body weight status and UTI experience

Among infants with UTI experience, high weight (which was
defined as weight-for-age =90th percentile) was significantly
more prevalent than it was among infants without UTI expe-
rience (22.8% vs. 20.0%, P<0.001) (Table 1). Additionally, there
were significant differences in sex, place of residence, and
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income status between those with UTI experience and those
without it. Our multivariable logistic regression analysis re-
vealed that high weight status remained significantly associ-
ated with UTI experience after adjusting for covariates, with an
adjusted odds ratio (OR) of 1.09 (95% confidence interval [CI],
106-113) (Table 2).

Sensitivity analysis

The results of the multivariable analysis, which included VUR
and constipation as covariates (model 1), and the analysis that
excluded infants diagnosed with VUR (model 2), are shown in
Table 3. Both sensitivity analyses demonstrated a statistically
significant association between high weight and UTI experi-
ence after adjusting for covariates.

Control

Children who had UTI before first year of age
between January 1, 2018 and December 31, 2020
and conducted 1st NHSPIC examination (n=153,453)

Excluded
* Children with complex chronic
conditions (n=17,927)

A

A4

Main analysis

Main analysis

Children eligible for main analysis (n=135,526)

Age- and sex-matched controls
who conducted 1st NHSPIC examination
without a history of UTI diagnosis (n=133,526)

Fig. 1. Flow diagram for study participants. UTI, urinary tract infection; NHSPIC, National Health Screening Program for Infants and Children.

Table 1. Baseline characteristics of the study population

Characteristic No UTI (n=133,526) UTI (n=135,526) Total (n=269,052) P-value
Male sex, No (%) 66,282 (49.6) 73,301(54.1) 139,583 (51.9) <0001
Place of residence, No (%) <0001
Capital 20,960 (157) 19,085 (14.1) 40,045 (14.9)
Metropolitan 34,936 (26.2) 34,952 (25.8) 69,888 (26.0)
Rural 77,630 (581) 81,489 (601) 159,119 (591)
Income status, No (%)” <0001
<20 percentiles 13,439 (10.3) 13,916 (10.5) 27,355 (104)
20 to <40 percentiles 11,296 (846) 11,843 (894) 23,139 (8.60)
40 to0 <60 percentiles 23,426 (179) 24,792 (187) 48,218 (18.3)
60 to <80 percentiles 44,671(34.3) 45,666 (34.5) 90,427 (34.4)
>80 percentiles 37750 (28.9) 36,212 (27.3) 73,962 (281)
Preterm birth, No (%) 5,275 (3.95) 5,160 (3.81) 10,435 (3.88) 0056
Weight-to-age more than 90 percentile, No (%) 26,767 (200) 30,944 (22.8) 57711(21.4) <0001

UTIL, urinary tract infection.

?people with a special occupation such as military personnel was excluded in the income status analysis.

https://doi.org/10.3339/ckd.23.020

www.chikd.org


https://doi.org/10.3339/ckd.23.020

ChiKD

Table 2. Association between urinary tract infection experience and
weight status

Variable Adjusted OR (95% CI) P-value
High weight” 109 (1.06-113) <0001
Male sex 159 (1.55-1.64) <0001
Income status 0713
<20 percentiles Reference
20 to <40 percentiles 100(094-1.07)
40to <60 percentiles 1.04(099-1.10)
60 to <80 percentiles 1.04(0.99-1.09)
>80 percentiles 099 (094-1.04)
Place of residence <0001
Capital Reference
Metropolitan 104 (099-1.08)
Rural 113(1.08-117)
Prematurity 1.00(0.93-1.08) 0993

OR, odds ratio; CI, confidence interval.

“High weight was defined as a weight-to-age percentile of 290.
Covariates were as follows: sex, income status, place of residence, and
prematurity.

Table 3. Sensitivity analysis

Adjusted OR (95% CI) P-value
Model 1
High weight 109 (106-113) <0001
VUR 13.6 (106-176) <0001
Constipation 0.84(049-142) 0514
Model 2V
High weight 109 (1.05-113) <0001

OR, odds ratio; CI, confidence interval; VUR, vesicoureteral reflux.
“Model 1was conducted after including VUR and constipation as
covariates, in addition to the ones in the main analysis. Model 2 was
conducted after excluding infants diagnosed with VUR.

Discussion

In this study, we identified a statistically significant association
between UTI occurrence during infancy and weight status. This
association remained statistically significant even after adjust-
ing for covariates and conducting various sensitivity analyses.
The findings suggest that infants with a body weight-for-age
above the 90th percentile may be more susceptible to infantile
UTIs compared to those with weight-for-age values below the
90th percentile.

While congenital anomalies of the kidney and urinary tract,
including VUR, are well-established risk factors for infantile
UTIs, and circumcision and breastfeeding are well-known
protective factors, a variety of environmental factors remain
relatively underexplored. Various cross-sectional studies have
identified obesity as a risk factor for UTIs in young children
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(encompassing children aged 2-6 years). However, research
specifically focusing on infants aged below one year (who con-
stitute the most susceptible group) is limited. Renko et al. [16]
conducted a meta-analysis based on four studies, concluding
that obesity predisposes to a higher risk of UTIs (OR, 2.23; 95%
CI, 1.37-3.63), with two of them focusing on young children. Hsu
et al. [7] reported that obesity was strongly associated with the
presence of febrile UTI, and obese children (weight-for-age
above the 95th percentile) aged 2 years or younger had a higher
risk of developing a UTI than non-obese children (OR, 192; 95%
CI, 115-3.21 in overweight [weight-for-age above the 85th per-
centile] children and OR, 2.46; 95% CI, 1.54-3.93 in obese chil-
dren). Yang et al. [8] found that among children under 3 years,
those classified as overweight or obese were significantly more
predisposed to febrile UTIs (OR, 1.84; 95% CI, 1.11-3.05). How-
ever, both these studies were single-center studies. Recently,
Yim et al. [11] reported that obesity in children less than 6 years
of age were associated with subsequent UTIs during a 3-year
follow-up period (hazard ratio, 113; 95% CI, 110-116), using the
same platform of Korean NHID. However, obesity in children
aged 4 months to 2 years did not show a clear association with
subsequent UTIs (hazard ratio, 1.00; 95% CI, 0.97-1.03). In our
paper, we conducted a cross-sectional comparison of weight
status between infants with UTIs and non-UTI infants, and this
yielded significant results [11].

Childhood obesity contributes to various pathophysiological
changes, including heightened inflammation, altered adipo-
kine signaling, metabolic shifts, and epigenetic modifications,
all of which significantly impact immune response [17,18]. It is
plausible to speculate that similar associations between weight
status and UTI occurrence exist in young children for these rea-
sons. However, direct measurements of associated changes in
immunity have not been extensively investigated, which neces-
sitates further research. Infants are generally more susceptible
to ascending UTIs compared to older children. This vulnerabil-
ity is attributed to factors such as a shorter urethra and a lack
of toilet training. The absence of proper toileting increases the
contact time between colonic bacteria and the urethral open-
ing, which is a critical contributor to UTI development. In cases
where obesity increases the surface area of contact between
feces and skin within the diaper, the intensity of this contact is
likely augmented. Previous studies have demonstrated an as-
sociation between obesity and gut microbiota imbalance [9,10].
Gao et al. [9] revealed that obese children exhibit a higher abun-
dance of E. coli compared to non-obese children. Additionally,
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an animal model study showed that the gut commensal E. coli
exacerbates obesity and insulin resistance in mice [10]. Given
that ascending UTIs are attributed to gut microbiota, the in-
crease in E. coli within gut microbiota associated with obesity
may exert more pronounced effects on infants. Nevertheless,
these aspects remain relatively unexplored and necessitates
further in-depth investigation and related studies.

A significant advantage of our study is the comprehensive,
nationwide inclusion of children with UTIs. Given that the
NHSPIC participation rate exceeded 80%, this study offers
more reliability than investigations conducted at a single cen-
ter. However, our study had some limitations. First, the catego-
rization of the patient group was solely based on the diagnostic
codes for APN, cystitis, and unspecified UTI, potentially leading
to a detection bias. Second, due to limitations in our data source,
we were unable to assess specific clinical manifestations like
fever or severity such as the occurrence of urosepsis. These de-
tails would have been instrumental in the identification of any
potential additional risks associated with high weight within
these subgroups. Furthermore, given the limited power of our
conclusion (adjusted OR, 1.09), the clinical significance of this
finding would not be substantial, emphasizing the need for fur-
ther research. Lastly, undetected covariates may influence the
results due to the observational nature of the study.

In conclusion, UTIs occurring in the first 12 months of life
were associated with a weight-for-age percentile of 290. This
finding supports prior single-center study outcomes and in-
dicates the need for meticulous monitoring of this vulnerable
group.
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