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Introduction

Urinary tract infection (UTI) is among the most common 
bacterial infections in children (1,2). The prevalence of UTIs 
is approximately 7.0% in febrile infants aged <24 months  

and 8% in older children (3). In general, UTIs are 

considered to follow a benign course, but complications may 

develop, such as sepsis, kidney abscess, acute kidney injury, 

and kidney scar. Kidney scar is a potential complication in 
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around 15% of children with the first UTI and can result in 
long-term consequences such as hypertension and chronic 
kidney disease (CKD) (4,5). Calderon-Margalit et al. found 
that adolescents with a history of childhood pyelonephritis 
had a higher prevalence of end stage kidney disease (ESKD) 
than those with no history of childhood kidney disease (6).

Childhood infectious diseases modulate weight gain and 
linear growth by influencing metabolism, nutrition, and the 
microbiome (7,8). Notably, several childhood diseases, such 
as allergic disorders, inflammatory bowel disease, and dental 
caries, have been associated with impaired future growth 
(9-11). Furthermore, CKD and kidney scar resulting from 
UTIs are known to have a detrimental impact on growth in 
childhood through various mechanisms, including anorexia, 
malnutrition, and decreased insulin-like growth factor-1 
expression (12). In addition, recent studies have indicated 
that early antibiotic exposure in infancy is associated with 
childhood growth and obesity with gut microbiota alteration 
(13,14). Considering the common practice of administering 
oral or intravenous antimicrobial medication for 7–14 days to 
treat UTI in children (15), broad-spectrum antibiotics may 
potentially affect their growth parameters in terms of height 
and weight. However, to the best of our knowledge, despite 
the significant burden of UTIs during childhood, the impact 
of pediatric UTIs on growth outcomes remains unexplored.

In this nationwide population-based matched cohort 
study, we aimed to identify the impact of UTI during the 
first year of life on future growth, using data from the 

Korean National Health Information Database (NHID) and 
the Korean National Health Screening Program for Infants 
and Children (NHSPIC) data. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://tp.amegroups.com/article/view/10.21037/tp-23-
361/rc).

Methods

Data source

We conducted a nationwide population-based matched 
cohort study of Korean children born between January 1, 
2007, and December 31, 2019, using NHID and NHSPIC 
data. Briefly, NHID is provided by the Korean National 
Health Insurance System (NHIS), a Korean Ministry of 
Health and Welfare-affiliated mandatory healthcare system 
covering 99.4% of the 51 million people in South Korea. 
NHID contains the patient’s demographics and insurance 
claims, including all information regarding utilization 
of medical facilities, such as visiting medical institutions 
and International Classification of Diseases, 10th revision 
(ICD-10) codes. The NHIS database’s validity, variables’ 
definitions, and utilization of NHIS in epidemiological 
research have been validated externally and internally 
(16,17). Korean NHSPIC is a health screening program 
for infants and children during well-baby check-up visits 
(18,19). All children are eligible to participate in the 
NHSPIC seven times: 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 contains history taking, physical examination, 
anthropometric measurements including height and 
weight, questionnaires with developmental screening, and 
anticipatory guidance for their age. NHSPIC participation 
rates among all Korean children were 74.5–83.0% in 2018–
2020 (20), which implies that the results of NHSPIC can 
represent the health status of Korean children.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the Public Institutional Review Board 
Designated by the Korean Ministry of Health and Welfare 
(IRB No. P01-202207-01-029). The requirement for 
written informed consent forms was waived due to the 
anonymous and retrospective nature of the study. 

Inclusion and exclusion criteria

Children who had claims data for UTI before 12 months 

Highlight box

Key findings
• History of urinary tract infection (UTI) during infancy is 

associated with high body mass index measured at 30–36 months.

What is known and what is new? 
• While several childhood illnesses have been known to affect 

growth status, the impact of UTI on subsequent childhood growth 
has not been well elucidated.

• In this nationwide population-based matched cohort study 
involving 84,519 children with a history of UTI during infancy and 
an equal number of controls, the height differences were statistically 
insignificant, but the body mass index standard deviation score was 
significantly higher among children who had UTI.

What is the implication, and what should change now? 
• The findings suggest that UTI during infancy might be associated 

with a higher body mass index in early childhood, potentially 
indicating a long-term impact on children’s growth, particularly 
their weight.
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old and participated in the 4th NHSPIC examination 
between January 2018 and December 2020 were eligible for 
the study group. UTIs were identified according to ICD-
10 codes, which include acute pyelonephritis (N10), acute 
cystitis (N30.0, N30.8, N30.9, and B37.4), and unspecified 
UTI (N39.0 and P39.3). Controls were selected as children 
who had visited the well-baby clinic and undergone the 4th 
NHSPIC examination without a history of UTI diagnosis. 
They were matched one-to-one with the study group 
based on birth year, birth month, and sex using a multi-
way stratification method. Children with complex chronic 
conditions were excluded, derived from the Pediatric 
complex chronic conditions classification system version 
2 by Feudtner et al. (CCC V2) (21). In addition, children 
who did not participate in the 1st NHSPIC examination 
at 4–6 months of age were excluded since this examination 
contains important covariates such as birth weight, 
prematurity, and breastfeeding status during infancy. 

Outcomes

The primary outcomes were height and body mass 
index (BMI) measured on the 4th NHSPIC examination 
(30–36 months of age). The standard deviation scores 
(SDSs) of height and BMI were determined and utilized 
as outcome variables for accurate comparison of children 
across various age groups or genders. We calculated 
SDS using reference height-for-age and BMI-for-
age growth chart, which was released in 2017 by the 
Korean Disease Control and Prevention Agency (22), 
using reported L, M, and S parameters according to 
the child’s age and sex with the following equation: 

1
LX

M
SDS

LS

   −     =  [1]

where X is the measurement (height and BMI) and L, M, 
and S are the values from the growth chart corresponding 
to the age in months of the child (23). We conducted three 
subgroup analyses by dividing UTIs into various groups. 
Firstly, we categorized UTIs into acute pyelonephritis 
(APN) group and unspecified UTI group (including acute 
cystitis), based on their diagnosis code and analyzed. 
Secondly, to assess a dose-response relationship, we divided 
and analyzed children into two groups based on their 
history of UTI: those having a single episode and those 

with multiple episodes. UTI diagnosis codes with more 
than 1-month intervals were considered separate events. 
Lastly, we investigated whether the timing of the first UTI 
episode was associated with future growth, examining the 
occurrence of UTI in infants younger than 3 months versus 
those aged 4 to 12 months.

Covariates

We considered the following variables as potential 
confounders or their surrogates: breastfeeding status, 
prematurity, low birth weight, parents’ socioeconomic 
status, and place of residence (categorized into capital, 
metropolitan, and rural). Breastfeeding status was 
determined using the results  of  the 1st  NHSPIC 
examination at 4–6 months of age, which were categorized 
as exclusive breastfeeding, formula feeding, mixed feeding, 
and unknown status (non-responder).

Statistical analysis

To conduct a balanced analysis, we used inverse probability 
of treatment weighting (IPTW), and all measured covariates 
were included in the IPTW calculation. Standardized 
differences were calculated to evaluate the quality of 
balancing after IPTW. We then conducted a weighted 
linear regression analysis to produce a doubly robust 
estimated β coefficient with 95% confidence intervals (CIs) 
for each study outcome.

Furthermore, several sensitivity analyses were conducted. 
Firstly, IPTW unadjusted regression analysis using was 
performed. Secondly, we excluded children who received 
a diagnosis code of vesicoureteral reflux (VUR) within the 
first 12 months of age, as they are at a particular risk of 
prolonged prophylactic antibiotic exposure and developing 
reflux nephropathy, and reanalyzed the results. However, 
the data regarding the voiding cystourethrography were 
not obtained. Thirdly, growth status measured on the 5th 
NHSPIC examination, conducted at 42–48 months, was 
used. Finally, logistic regression analysis was performed to 
estimate the odds ratio with 95% CI for the dichotomous 
outcome of short stature and obesity. Short stature was 
defined as height percentile of 3rd or less, while obesity was 
defined as BMI percentile of 95th or more. All statistical 
analyses were performed using R-project version 4.2.6 (R 
Foundation for Statistical Computing, Vienna, Austria). 
Statistical significance was set at a P value <0.05.
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Results

Baseline characteristics

A total of 116,017 children who experienced UTI before 
the first year of age, received the 4th NHSPIC between 
January 1, 2018, and December 31, 2020, and conducted 
the 4th NHSPIC exam were included. Children who did 
not conduct 1st NHSPIC exam (N=20,545) and children 
with complex chronic conditions were excluded (N=10,953). 
Finally, 84,519 children and 84,519 birth year- and sex-
matched control were eligible for the main analysis  
(Figure 1). After IPTW, the two groups were balanced for 
all covariates with an absolute standardized mean difference 
(SMD) <0.05 (Table 1, Table S1 and Figure S1). 

Association of growth status with UTI experience

At 30 to 36 months of age, the mean height SDS was 
−0.20862; height SDS did not show a significant difference 
between the UTI and control groups after adjusting for 
covariates (β coefficient =−0.0034, 95% CI: −0.0121 to 
0.0054). The mean BMI SDS was 0.280. BMI SDS at  
30–36 months of age showed a positive correlation with 
UTI history in infancy (β coefficient =0.0426, 95% CI: 
0.0304 to 0.0547) (Table 2).

We conducted several subgroup analyses. Compared 
with the control group, the height SDS of the APN group 

was higher (β coefficient =0.0171, 95% CI: 0.0014 to 
0.0327). However, no significant difference was observed in 
the height SDS of the unspecified UTI group. In addition, 
there was no significant difference in height SDS between 
the control group and children with multiple episodes of 
UTI. No significant difference was found in the height 
SDS between those who experienced UTI at 3 months of 
age or younger and the control group. However, the BMI 
SDS was significantly different between the control group 
and APN (β coefficient =0.0540, 95% CI: 0.0302 to 0.0778) 
or unspecified UTI group (β coefficient =0.0404, 95% CI: 
0.0277 to 0.0530). In addition, significant differences were 
found in the BMI SDS between the control group and 
children who had multiple UTIs or who had UTIs under  
3 months of age (Table 2). The numbers of cases and 
controls for subgroup analysis and sensitivity analysis are 
presented in Table S1.

Sensitivity analysis

Various sensitivity analyses showed consistent results with 
the main analysis, as shown in Table 3. The analysis included 
IPTW-unadjusted analysis, analysis excluding children 
with VUR, growth indices at 5th NHSPIC (conducted 
at 42–48 months of age), and outcome as dichotomous 
variables (short status and obesity). The sensitivity analyses’ 
results indicated no association between UTI experience 

Children who had UTI before first year of age 
between January 1, 2018 and December 31, 2020 

and conducted 4th NHSPIC examination (N=116,017)

Main analysis
Age- and sex-matched controls 

who conducted 4th NHSPIC examination 
without a history of UTI diagnosis

(N=84,519)

Sensitivity analysis 
Children without VUR (N=84,454)

Main analysis
Children eligible for main analysis (N=84,519)

Sensitivity analysis
Children without VUR (N=83,161)

Excluded
• Children who did not participate in 1st 

NHSPIC examination (N=20,545)
• Children with complex chronic conditions 

(N=10,953)

ControlCase

Figure 1 Study flow chart. UTI, urinary tract infection; NHSPIC, National Health Screening Program for Infants and Children; VUR, 
vesicoureteral reflux.

https://cdn.amegroups.cn/static/public/TP-23-361-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TP-23-361-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TP-23-361-Supplementary.pdf
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Table 1 Baseline characteristics of the study participants before and after IPTW 

Characteristics

Before IPTW After IPTW†

Control group 
(n=84,519)

UTI group 
(n=84,519)

SMD
Control group 

(n=84,322)
UTI group 
(n=84,519)

SMD

Age at 4th NHSPIC examination, months (SD) 34.96 (2.27) 34.97 (2.29) 34.96 (2.27) 34.98 (2.29)

Male, No. (%) 41,036 (48.6) 45,051 (53.3) 0.048 40,947 (48.6) 43,426 (51.4) 0.028

Income status, No. (%)

<20 percentiles 8,159 (9.7) 8,445 (10.0) 0.003 8,138 (9.7) 8,458 (10.0) 0.003

20–<40 percentiles 6,691 (7.9) 6,929 (8.2) 0.003 6,677 (7.9) 6,934 (8.2) 0.003

40–<60 percentiles 13,682 (16.2) 13,952 (16.5) 0.004 13,657 (16.2) 13,954 (16.5) 0.003

60–80 percentiles 27,842 (32.9) 27,913 (33.0) 0.001 27,762 (32.9) 27,903 (33.0) 0.001

>80 percentiles 24,713 (29.2) 23,841 (28.2) −0.010 24,658 (29.2) 23,829 (28.2) −0.010

Others‡ 3,432 (4.1) 3,439 (4.1) <0.001 3,430 (4.1) 3,441 (4.1) <0.001

Place of residence, No. (%)

Capital 12,956 (15.3) 11,569 (13.7) −0.017 12,919 (15.3) 11,541 (13.7) −0.017

Metropolitan 22,560 (26.7) 22,562 (26.7) <0.001 22,532 (26.7) 22,565 (26.7) <0.001

Rural 49,003 (58.0) 50,388 (59.6) 0.016 48,871 (58.0) 50,413 (59.6) 0.016

Breastfeeding status at infant, No. (%)

Exclusive breastfeeding 10,778 (12.8) 9,565 (11.3) −0.014 10,744 (12.7) 9,562 (11.3) −0.014

Mixed feeding 6,436 (7.6) 5,550 (6.6) −0.011 6,420 (7.6) 5,525 (6.5) −0.013

Formula feeding 15,409 (18.2) 14,378 (17.0) −0.010 15,368 (18.2) 14,339 (17.0) −0.010

Missing 51,896 (61.4) 55,026 (65.1) 0.037 51,790 (61.4) 55,093 (65.1) 0.037

Low birth weight, No. (%) 5,472 (6.5) 4,717 (5.6) 0.009 5,474 (6.5) 4,740 (5.6) 0.009

Preterm birth, No. (%) 3,063 (3.6) 2,910 (3.4) 0.002 3,055 (3.6) 2,909 (3.4) 0.002

†, propensity scores were computed by using the following variables: sex, income quartile, place of residence, breastfeeding status, low 
birth weight, and preterm birth; ‡, parents with a special occupation such as military personnel or shipping labor union. IPTW, inverse 
probability of treatment weighting; UTI, urinary tract infection; SMD, standardized mean difference; NHSPIC, National Health Screening 
Program for Infants and Children; SD, standard deviation. 

and height SDS in childhood. However, every sensitivity 
analysis demonstrated a positive relationship between UTI 
history and BMI SDS.

Discussion

Main findings

In this nationwide population-based cohort study, we found 
that UTI in the first 12 months was not associated with 
height status but with high BMI at 30 to 36 months. Our 
study provides robust evidence that UTI can be a risk factor 
for childhood obesity through the diverse subgroup and 

sensitivity analyses. These findings indicate that monitoring 
growth indices, particularly BMI status, may be necessary 
for over two years in children who have experienced UTI 
during infancy.

Comparison with previous studies

UTI is one of the most common bacterial infections 
among children, resulting in frequent hospitalization and 
a high economic burden. However, there has been limited 
research directly investigating the impact of UTI on 
childhood growth. A single-center study conducted in Iran 
concluded that weight-height index and height SDS were 
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Table 2 Association between UTI experience and growth status

Outcomes β coefficient† 95% CI

Main analysis

Height SDS‡ −0.0034 −0.0121 to 0.0054

BMI SDS‡ 0.0426 0.0304 to 0.0547

Subgroup analysis—main diagnosis§

Height SDS—unspecified UTI −0.0073 −0.0164 to 0.0018

Height SDS—APN 0.0171 0.0014 to 0.0327

BMI SDS—unspecified UTI 0.0404 0.0277 to 0.0530

BMI SDS—APN 0.0540 0.0302 to 0.0778

Subgroup analysis—number of UTI episodes§

Height SDS—single episode of UTI −0.0034 −0.0125 to 0.0057

Height SDS—multiple episodes of UTI −0.0033 −0.0187 to 0.0122

BMI SDS—single episode of UTI 0.0420 0.0292 to 0.0548

BMI SDS—multiple episodes of UTI 0.0454 0.0235 to 0.0672

Subgroup analysis—timing of first UTI§

Height SDS—first UTI before 3 months old −0.0061 −0.0156 to 0.0035

Height SDS—first UTI after 3 months old 0.0028 −0.0096 to 0.0152

BMI SDS—first UTI before 3 months old 0.0422 0.0286 to 0.0558

BMI SDS—first UTI after 3 months old 0.0435 0.0264 to 0.0606

†, the β coefficient of height or BMI SDS, along with 95% CI, was calculated using weighted multiple logistic regression analysis. The 
analysis was adjusted for sex, income quintile, residual area, breastfeeding status, prematurity, and low birth weight; ‡, the β coefficient 
of height or BMI SDS for UTI experience during infancy; §, the exposure variables—UTI experience during infancy—were subgrouped into 
various group, and the respective β coefficient was calculated for each subgroup. UTI, urinary tract infection; CI, confidence interval; SDS, 
standard deviation score; BMI, body mass index; APN, acute pyelonephritis.

not associated with a history of UTI (24). Various cross-
sectional studies found that obesity is one of the risk factors 
for UTI in young children (25,26). To our knowledge, this 
is the first longitudinal study demonstrating the possibility 
that UTI precedes obesity and suggesting that high BMI 
status can persist more than 2 years after UTI diagnosis. 
The elevation of SDS BMI in children might serve as 
an initial indicator for several health hazards, including 
metabolic syndrome and cardiovascular diseases (27,28). 
These underscore the importance of early intervention 
strategies for these at-risk children to alleviate the potential 
negative consequences. 

Biological plausibility

What could be the underlying reason for the positive 

relationship between a history of UTI and obesity? One 
potential explanation is the possibility of direct kidney 
damage resulting from UTI. Kidney scar acquired after 
UTI can result in hypertension, proteinuria, and CKD 
through an inflammatory process, interstitial fibrosis, 
and loss of functioning nephrons (29). Kidney scars, 
observed as defects on dimercapto succinic acid (DMSA) 
scan, can develop in approximately 15% of cases within 
12 months after UTI, especially among children with 
recurrent APN or VUR (30,31). The subgroup analysis 
results of this study suggest the possibility of a positive 
relationship between kidney scar and obesity, as children 
with a history of APN and recurrent UTIs tended to be 
more obese than unspecified UTIs and single UTIs. The 
relationship between VUR and growth index has been 
investigated in several studies. However, the findings have 
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been inconsistent (24,32,33). In addition, it is well known 
that overt CKD causes detrimental effects on growth. 
One population-wide study in Israel in 2018 reported a 
three-fold increase in subsequent ESKD in children with 
a history of pyelonephritis (6). However, the likelihood of 
infantile UTI history causing kidney dysfunction or CKD 
in childhood is very low. This can partly explain the result 
that there is no association between UTI history and height 
growth in this study. Given that childhood UTIs can lead 
to kidney scar and raise the risk of developing CKD in later 
stages of the disease (34), it is plausible that UTIs may still 
impact final growth and weight during adolescence and 
adulthood, despite the absence of impact on height growth 
during early childhood in this study.

UTI is also one of the important diseases that cause 
antibiotic administration in infants and young children, 
along with otitis media and pneumonia (35). The resultant 
changes in the intestinal microbiota due to antibiotic 
administration could affect the occurrence of obesity (36).  
Park et al. reported that childhood obesity occurs more 
frequently in children who experienced UTI before  
2 years of age in a dose-dependent manner (37). One study 
found adverse effects of antibiotic administration on BMI 
in mouse experiment (14). Based on these different results 
regarding the association of antibiotic administration 
with obesity, broad-spectrum antibiotics might have been 

affecting the BMI of children diagnosed with UTIs. 

Strengths and limitations

A great strength of our study was the population-based 
inclusion of over 80,000 UTI children. Despite the 
limitation of our study being confined to individuals with 
the 4th NHSPIC results, potentially leading to selection 
bias, we observed the NHSPIC participation rate of up 
to 83%. Considering this rate is higher than the 70% 
participation rate of adult health screening in Korea (20), 
the present study can provide greater reliability than 
a single-center study. However, our study had several 
limitations. Firstly, since the patient group was defined only 
by the diagnostic codes of APN, cystitis, and unspecified 
UTI, there may be a detection bias of UTI cases. However, 
Korean NHIS code data was reported to be reliable in more 
than 75% of cases in thorough validation (38). Another 
important limitation is the absence of growth status data 
at the time of UTI diagnosis in children, which makes it 
uncertain whether initial obesity raises the chances of UTI 
development and its persistence until age three, or if obesity 
develops after contracting a UTI. In addition, the lack of 
long-term observational data makes it challenging to draw 
conclusions about the impact of UTI on final height and 
weight. Large-scale, long-term cohort studies are necessary 

Table 3 Sensitivity analysis 

Outcomes β coefficient/odds ratio 95% CI 

Model 1: IPTW unadjusted analysis

Height SDS −0.0040a −0.0126 to 0.0045

BMI SDS 0.0417a 0.0296 to 0.0538

Model 2: excluding children with VUR

Height SDS −0.0042a −0.0129 to 0.0045

BMI SDS 0.0420a 0.0299 to 0.0540

Model 3: 5th NHSPIC results (conducted on 42–48 months of age)

Height SDS −0.0095a −0.0223 to 0.0002

BMI SDS 0.0405a 0.0260 to 0.0550

Model 4: dichotomous outcome

Short stature† 1.001b 0.999 to 1.002

Obesity‡ 1.002b 1.001 to 1.005

†, defined as height percentile of 3rd or less; ‡, defined as BMI percentile of 95th or more. a, β coefficient; b, odds ratio. CI, confidence 
interval; IPTW, inverse probability of treatment weighting; SDS, standard deviation score; BMI, body mass index; VUR, vesicoureteral 
reflux; NHSPIC, National Health Screening Program for Infant and Children. 
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to track individuals with a history of UTI from childhood 
through adolescence and into adulthood. Lastly, due to the 
nature of our data source, we could not assess the precise 
clinical presentation, clinical severity, and complications 
such as kidney abscess and kidney scarring, imaging test 
results such as DMSA scan and kidney ultrasonography, and 
the data related to antibiotic management. Nonetheless, 
we analyzed using the data of VUR in the sensitivity 
analysis, which is closely associated with kidney scar in 
childhood. This limitation warranted a prospective cohort 
study for children who developed kidney scar after UTI 
to demonstrate a more accurate prognosis on the growth 
of children with UTI history. Lastly, there was insufficient 
adjustment for recent nutritional status. However, we did 
adjust for breastfeeding status, which may partially account 
for nutritional confounders. 

Conclusions

In conclusion, UTI during the first 12 months was 
associated with high BMI between 30–36 months but 
not related to height status. These findings suggest the 
following directions for further research expanding the 
follow-up period to establish the impact of childhood UTI 
experience on future growth.
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