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ABSTRACT

Purpose: Tetracycline is not recommended for children under 12 by guideline due to the risk
of tooth discoloration. We aimed to assess the incidence of dental discoloration in Korean
children prescribed tetracyclines and investigate whether its risk was greater in tetracycline-
exposed children than in the general population.

Methods: This population-based cohort study using the Health Insurance Review and
Assessment service database included children aged 0-12 years exposed to tetracyclines

for at least 1 day between January 2008 and December 2020. The primary outcome was the
incidence rate of dental discoloration >6 months after prescription, and the standardized
incidence ratio (SIR) was evaluated as secondary outcome.

Results: 56,990 children were included—1,735 and 55,255 aged <8 and 8-12 years,
respectively. 61% children were prescribed tetracycline for <14 days with mostly second-
generation tetracyclines, doxycycline (61%) and minocycline (35%). The 5- and 10-year
cumulative incidence rates of dental discoloration were 4.1% (95% confidence interval [CI],
3.0-5.7%) and 5.7% (95% CI, 4.1% to 7.8%), respectively, in the O—7 years age group and
0.8% (95% CI, 0.7% to 0.9%) and 1.3 (95% CI, 1.1% to 1.4%), respectively, in the 8-12 years
age group. Tetracycline exposure did not increase such risk compared to that in the general
population (SIR, 1.08; 95% CI, 0.69 to 1.60).

Conclusions: The incidence of dental discoloration was lower than previously suggested.
Relieving the age restriction for prescribing tetracyclines may be considered.
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INTRODUCTION

Tetracyclines, including doxycycline, minocycline, and tigecycline, are widely used broad-spectrum
antibiotics that inhibit protein synthesis by targeting the 30S ribosomal subunit.? These effective
but underappreciated antibiotics are the drugs of choice in children with diseases including Rocky
Mountain spotted fever (RMSF), malaria, Q fever, and Lyme disease. Furthermore, tetracyclines are
an important therapeutic option for macrolide resistant-Mycoplasma pneumoniae (MRMP), which is
emerging in the Asia-Pacific region.””) However, despite their clinical usefulness, their prescription
has been limited due to the risk of permanent dental discoloration in newborns and children aged
<8years in the US, Canada, and Taiwan and those aged <12 years in the UK.® In Korea, the Food
and Drug Administration contraindicates tetracycline prescription <12 years while the Korean
Center for Disease Control and Prevention (CDC) restricts the age limit <12 years. Nevertheless, a
recent study showed that short-term use of doxycycline use did not increase dental discoloration.”
In line with this, the World Health Organization and US CDC suggested to use tetracyclines for a
short course when benefits clearly outweigh risks.? However, due to the rarity of this adverse effect,
the real-world incidence of dental discoloration has not been evaluated. Thus, there is insufficient
evidence to assess whether its risk is increased in children aged 8-12 years, the grey zone of the age
restriction in many countries, including Korea.

This study investigated the incidence of dental discoloration in children aged 0-12 years
exposed to tetracyclines using a Korean population-based database. In particular, this study
aimed to evaluate whether the risk of dental discoloration was greater among children aged
8-12 years than that among those aged 07 years. Additionally, we explored whether children
exposed to tetracyclines had a higher incidence of dental discoloration than that in the age-
matched general population.

MATERIALS AND METHODS

1. Data source

The Health Insurance Review and Assessment (HIRA) service database was used (subject No.
M20210129975). The National Health Insurance Service (NHIS) is the universal single payer in
Korea, which covers approximately 98% of the Korean population, and the HIRA reviews all
NHIS claims. This database includes not only diagnostic code data based on the International
Classification of Diseases and Related Health Problems, 10th revision (ICD-10), but also data on
prescription codes, healthcare institutions, and demographics (including sex and age).

2. Study design

This nationwide, population-based cohort study included children aged 0-12 years exposed
to tetracyclines between January 2008 and December 2020. We included 12 years old
children in our study group by adhering to Korean CDC recommendation, which prohibits
its prescription <12 years. Children who were prescribed tetracyclines in 2008 were excluded
as the washout period in order to define those who were prescribed for the first time. The
primary outcome was the incidence of dental discoloration >6 months after tetracycline
exposure. Additionally, standardized incidence rates (SIRs) were calculated to compare the
risk of dental discoloration in tetracycline-exposed children to that in the general population.
Cases in which the first input date of the dental discoloration diagnosis code was earlier than
the first tetracycline prescription date, those in which a dental discoloration diagnosis code
was registered within 6 months of the first tetracycline prescription date, and those reporting
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death or those lost to follow-up within 6 months of the first tetracycline prescription date
were excluded from the tetracycline-exposed group.

3. Cases definition

Tetracycline exposure was defined as having the Anatomical Therapeutic Chemical
Classification System (ATC) code corresponding to a tetracycline prescribed for at least

1 day. Cases with diagnosis codes for dental discoloration (K03.6 and K03.7, K00.8 and
K00.83) were considered to have dental discoloration. The detailed ICD-10 codes and ATC
codes for tetracyclines are listed in Supplementary Tables 1and 2, respectively. Cases with
diagnosis codes for comorbidities (Supplementary Table 3) within 6 months before the
first tetracycline prescription date were considered to have comorbidities. The duration of
tetracycline exposure was defined as the total number of tetracycline prescription days from
the first tetracycline prescription date to 6 months after the initial prescription.

4. Statistical analysis

Demographic characteristics are presented as percentages and median (interquartile range)
for non-normally distributed continuous variables. Cumulative incidence rates of dental
discoloration per year were calculated using the Kaplan—Meier estimation with the log-rank
test with 95% confidence intervals (CIs). The observation period for dental discoloration
was from the tetracycline claim date to <13 years of age. However, for the 8-12 years age
group, follow-up was continued until under 24 years of age. We investigated the incidence
of dental discoloration after tetracycline prescription and compared the incidence by age
group (07 vs. 8-12 years or 0-3 vs. 47 years vs. 8-12 years age group) since the age restriction
includes 12 years old in Korea® and duration of tetracycline exposure (<7 vs. 814 vs. 215
days). The incidence rate was presented per 100,000 person-years. A Cox proportional
hazard regression model with Firth’s bias correction was used to analyse the relative risk of
dental discoloration. SIRs were used to compare the incidence among patients prescribed
tetracyclines to that in the age-matched general population. Poisson distribution was used
to calculate 95% CIs of SIRs. To calculate SIRs, data from all children aged 0-12 years with
the prescription codes for dental discoloration between July 2009 and December 2020 were
also collected. For comparison, the population structure of Koreans in 2014 by Statistics
Korea was used. Joinpoint Regression Analysis software, version 4.9.0.0 (National Cancer
Institute, Bethesda, MD, USA), was used to calculate the annual percentage change (APC)
from 2009 to 2020 with 95% ClIs to quantify the changes in trends of the incidence of dental
discoloration in tetracycline-exposed patients. Because there was no statistically significant
change in the trend, “O joinpoint” model without an inflection point was used in the analysis.
All statistical tests were 2 sided, and P-values <0.05 were considered statistically significant.
SAS Enterprise Guide 7.1 (SAS Institute, Cary, NC, USA) was used for statistical analysis.

5. Ethics statement
This study was approved by the Institutional Review Board of Yonsei Medical University

(IRB No. 4-2020-0316) and exempted from the requirement for informed consent due to the
nature of the de-identified population-based data.

RESULTS

From 2009 to 2020, 63,923 children were prescribed tetracyclines at least once.
Among them, 6,933 children diagnosed with dental discoloration prior to tetracycline
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Children aged 0-12 years with tetracyclines prescription
between January 2008 and December 2020

n=71,538

l ,{ - A wash-out period of 1-year, 2008, n=7,615

Children aged 0-12 years with tetracyclines prescription

between January 2009 and December 2020
n=63,923 Excluded
I - Diagnosis of dental discoloration prior to
v 7| tetracyclines prescription, n=4,000
Final cohort - Diagnosis of dental discoloration within 6 months
n=56,990 after tetracyclines prescription, n=134
‘ - Less than 6 months of follow-up after tetracycline
prescription, n=2,708
i i - Death within 6 months after tetracyclines
0-7 years 8-12 years prescription, n=91
n=1,735 n=55,255
(3.0%) (97.0%)

!

0-3 years
n=439
(0.8%)

!

4-7 years
n=1,296
(2.3%)

Fig. 1. Flowchart of included and excluded cohort.
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prescription (n=4,000), those with follow-up duration less than 6 months after tetracycline
prescription (n=2,708), those with diagnosis of dental discoloration within 6 months after
tetracycline prescription (n=134), and those who died within 6 months after tetracycline
prescription (n=91) were excluded (Fig. 1). Consequently, 56,990 patients were included

in this retrospective cohort. A slight decrease was observed in the number of children
prescribed tetracyclines yearly since April 2007 when the drug utilization review (DUR)

was implemented on tetracyclines to limit and monitor the prescription of contraindicated
drugs (APC, -2.7%; 95% CI, -5.2% to 0.0%, P=0.048; Supplementary Fig. 1).') Children
aged <8 and 8-12 years accounted for 3% (n=1,735) and 97% (n=55,255), respectively, of the
cohort. The second-generation tetracyclines, doxycycline (60.8%) and minocycline (35.1%),
accounted for 96% of total tetracyclines prescribed, while first-generation tetracyclines such
as oxytetracycline (0.001%) and tetracycline (4.0%) consisted a minority (Supplementary
Table 2). The detailed characteristics of the children are described in Table 1.

1. Incidence and risk factors for dental discoloration

In total, 545 dental discolorations were identified, and only 46 (8%) cases were reported in
children aged <8 years. The incidence rate in the 07 years age group (734 cases per 100,000
person-years) was significantly (approximately 5 times) higher than that in the 8-12 years
group (143 cases per 100,000 person-years, P<0.001; Table 2). Subgroup analysis of the

0-7 years age group showed no significant difference in the incidence rates between the 2
subgroups, with 679 and 756 cases per 100,000 person-years in the 0-3 and 4-7 years age
groups, respectively (P=0.74). The age-related hazard ratios (HRs) showed similar results in
multivariable Cox regression analysis and adjusted for sex and comorbidities (Table 3). The
0-7 years age group had an approximately 5 times greater risk of dental discoloration than
the 8-12 years age group (HR, 5.1; 95% CI, 3.8 to 6.9; P<0.001). A comparable tendency was
observed in 0-3 and 47 years age groups (HR, 5.1; 95% CI, 2.9 to 8.9; P<0.001 and HR, 5.2;
95% CI, 3.6 to 7.3; P<0.001, respectively).

https://doi.org/10.14776/piv.2024.31.e1 28
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Table 1. Clinical characteristics stratified by age group

Characteristics 0-7 years age group

Patient without dental

8-12 years age group

discoloration (n=1,689)

Patient with dental
discolorations (n=46)

Patient without dental
discoloration (n=54,756)

Patient with dental
discoloration (n=499)

Age (yr) 5 (3-7) 5 (3-6) 12 (12-12) 12 (12-12)
Sex
Male 876 (51.9) 20 (43.5) 94,399 (44.4) 198 (39.7)
Female 813 (48.1) 926 (56.5) 30,427 (55.6) 301 (60.3)
Follow-up years from index date 1.4 (1.1-5.4) 1.9 (0.9-3.6) 6.6 (3.4-9.3) 2.6 (1.3-4.9)
Comorbidities 117 (6.9) 6 (13.0) 1,482 (2.7) 17 (3.4)
Neurological and neuromuscular 23 (1.4) 1(2.2) 153 (0.3) 2 (0.4)
Cardiovascular 18 (1.1) 0 (0.0) 79 (0.1) 1(0.2)
Respiratory 10 (0.6) 1(2.2) 17 (0.03) 0 (0.0)
Renal and urological 8 (0.5) 2 (4.4) 73 (0.1) 0 (0.0)
Gastrointestinal 18 (1.1) 0 (0.0) 95 (0.2) 1(0.2)
Haematological or immunological 19 (1.1) 0 (0.0) 65 (0.1) 1(0.2)
Metabolic 27 (1.6) 1(2.2) 554 (1.0) 8(1.6)
Congenital/genetic defect 8(0.5) 1(2.2) 494 (0.9) 6 (1.2)
Malignancy 28 (1.7) 1(2.2) 110 (0.2) 1(0.2)
Premature and neonatal 12 (0.7) 0 (0.0) 14 (0.03) 0 (0.0)
Exposure to tetracyclines
Prescription days 7 (3-10) 5.5(3-9) 7 (5-14) 7 (4-12)
<7 days 915 (54.2) 30 (65.9) 33,644 (61.4) 325 (65.1)
8-14 days 673 (39.9) 14 (30.4) 10,516 (19.2) 88 (17.6)
15-28 days 76 (4.5) 1(2.2) 6,091 (11.1) 41(8.2)
»99 days 95 (1.5) 1(2.2) 4,505 (8.9) 45 (9.0)
Outcome index
Dental discoloration N/A 35(76.1) N/A 4925 (85.2)
Values are presented as number (%) or median (interquartile range).
Abbreviation: N/A, not applicable.
Table 2. Incidence rate of dental discoloration in children with tetracycline exposure
Age at dental discoloration diagnosis 0-3 4-7 8-12 13-17 18-23 Total Person-years Incidence rate* (95% Cl)
years years years years years
Age at the time of tetracycline prescription
0-7 years 5 24 17 N/A N/A 46 6,268.2 733.9 (537.3-978.9)
0-3years 5 6 1 N/A N/A 12 1,768.3 678.6 (350.7-1,185.4)
4-7 years N/A 18 16 N/A N/A 34 4,500.0 755.6 (523.3-1,055.8)
8-12 years N/A N/A 26 376 97 499 349,886.8 142.6 (130.4-155.7)
Total 5] 24 43 376 97 545 356,155.0 153.0 (140.44-166.43)

Abbreviations: Cl, confidence interval; N/A, not applicable.
*Per 100,000 person-years.

The 5- and 10-year cumulative incidence rates of dental discoloration after tetracycline
exposure were 4.1% (95% CI, 3.0% to 5.7%) and 5.7% (95% CI, 4.1% to 7.8%), respectively,
in the 07 years age group and 0.8% (95% CI, 0.7% to 0.9%) and 1.3 (95% CI, 1.1% to
1.4%), respectively, in the 8-12 years age group (P<0.001; Fig. 2A). There was no significant
difference in the 5-year cumulative incidence rates of dental discoloration between the

0-3 (3.1%; 95% CI, 1.5% to 6.3%) and 4-7 (4.5%; 95% CI, 3.1% to 6.5%) years age groups
(P<0.001; Fig. 2B). Furthermore, there was no significant difference in the cumulative
incidence according to the duration of tetracycline exposure (P=0.43; Fig. 2C). Additionally,
there was no significant difference in the incidence of dental discoloration according to the
duration of tetracycline exposure between the 07 and 8-12 years age groups (Figs. 2D and E,
Supplementary Table 4).

There was an increased risk of dental discoloration in children aged <8 years, girls, and
children with respiratory and metabolic comorbidities. The risk was significantly higher
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Table 3. Cox regression risk factor analysis for dental discoloration and enamel dysplasia
Variables Crude HR (95% CI) P Adjusted HR (95% Cl) P Adjusted HR (95% Cl) P
Sex
Male 1 (ref) 1 (ref) 1 (ref)
Female 1.2 (0.998-1.4) 0.05 1.2 (1.0-1.4) 0.03 1.2 (1.0-1.4) 0.03
Comorbidities
Neurological and neuromuscular 2.1 (0.7-6.6) 0.19 1.8 (0.6-5.2) 0.28 1.8 (0.6-5.1) 0.28
cardiovascular 1.1 (0.2-7.7) 0.94 1.0 (0.2-4.9) 0.99 1.0 (0.2-4.8) 0.99
Respiratory 6.7 (0.9-47.6) 0.06 7.8 (1.5-40.6) 0.01 7.9 (1.5-40.8) 0.01
Renal and urological 2.9 (0.7-11.6) 0.13 2.8 (0.8-9.4) 0.10 2.8 (0.8-9.4) 0.10
Gastrointestinal 1.0 (0.1-7.1) >0.99 0.6 (0.1-2.9) 0.49 0.6 (0.1-2.9) 0.49
Haematological or immunological 1.7 (0.2-12.3) 0.58 1.5 (0.3-7.2) 0.61 1.5 (0.3-7.2) 0.61
Metabolic 2.1 (1.1-4.0) 0.03 2.2 (1.1-4.1) 0.02 2.2 (1.1-4.1) 0.02"
Other congenital or genetic defect 1.6 (0.7-3.3) 0.25 1.6 (0.8-3.4) 0.18 1.6 (0.8-3.4) 0.18
Malignancy 2.0 (0.5-7.8) 0.34 1.2 (0.4-4.0) 0.77 1.2 (0.4-4.0) 0.77
Premature and neonatal 3.7 (0.2-60.0) 0.35 0.3 (0.02-7.2) 0.48 0.3 (0.02-7.1) 0.48
Age at the time of tetracycline prescription (1)
0-3years 4.6 (2.6-8.2) <0.001 5.1(2.9-8.9) <0.001
4-7 years 5.1(3.6-7.2) <0.001 5.2 (3.6-7.3) <0.001
8-12 years 1 (ref) 1 (ref)
Age at the time of tetracycline prescription (2)
0-7 years 4.9 (3.7-6.7) <0.001 5.1 (3.8-6.9) <0.001
8-12 years 1 (ref) 1 (ref)
Abbreviations: HR, hazard ratio; Cl, confidence interval.
*Firth’s correction was used.
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Fig. 2. The cumulative incidence rate of dental discoloration 5 and 10 years after tetracycline prescription according to age group and duration of tetracycline
exposure. (A) Comparison of the cumulative incidence rate between the 0-7 (blue) and 8-12 years age groups (green) (B) Subgroup analysis of the cumulative
incidence rate by age group: 0-3 (blue), 4-7 (orange), and 8-12 years (green). (C) Comparison of the cumulative incidence rate according to duration of
tetracycline exposure (0-7 days, blue; 8-14 days, orange; and »15 days, green). (D) The cumulative incidence rate in the 0-7 years age group according to the
duration of tetracycline exposure. (E) The cumulative incidence rate in 8-12 years age group according to the duration of tetracycline exposure.
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Age at the time of prescribing tetracyclines SIR (95% CI)
All
0-7 years F—®— 1.08 (0.69-1.60)
8-12 years —o— 0.44 (0.30-0.63)
0-3years f ® ! 0.57 (0.16-1.47)
4-7 years ———— 1.30 (0.80-2.01)
8-12 years —o— 0.44 (0.30-0.63)
Tetracyclines <15 days
0-7 years I | 1.04 (0.65-1.57)
8-12 years —o— 0.45 (0.29-0.65)
0-3 years I L 4 i 0.60 (0.16-1.53)
4-7 years —— 1.24 (0.73-1.96)
8-12 years —o— 0.45 (0.29-0.65)
T T T T 1
0 0.5 1.0 1.5 2.0 25

Fig. 3. SIR of dental discoloration according to age at the time of tetracycline exposure and treatment duration.
Abbreviations: SIR, standardized incidence ratio; Cl, confidence interval.

in children with underlying diseases, including respiratory (HR, 7.9; 95% CI, 1.5 to 40.6;
P=0.01) and metabolic diseases (HR, 2.2; 95% CI, 1.1 to 4.1; P=0.02), than that in female
children (HR, 1.2; 95% CI, 1.0 to 1.4; P=0.03; Table 3). However, only 1 case of dental
discoloration in each high-risk comorbidity group was included in the 07 years age group,
which limits further interpretation.

2. Risk of dental discoloration in the tetracycline-exposed group versus the
general population

In the 07 years age group, tetracycline exposure did not significantly increase the risk

of dental discoloration compared to that in the general population (SIR, 1.2; 95% CI,

0.7 to 1.6; Fig. 3). Similarly, there was no significant difference in the incidence between

the tetracycline-exposed group and the general population in the 0-3 (SIR, 0.6; 95% CI,

0.2 to 1.5) and 4-7 (SIR, 1.3; 95% CI, 0.8 to 2.0) years age groups. When the duration of

tetracycline exposure was limited to <14 days, the SIR was 1.0 (95% CI, 0.7 to 1.6) in the 0-7

years age group, and no significant increase in the risk of dental discoloration was observed

according to tetracycline exposure. Unexpectedly, the incidence of dental discoloration was

significantly lower in the tetracycline-exposed group than in the general population (SIR,

0.5; 95% CI, 0.3 to 0.7) in the 8-12 years age group.

DISCUSSION

In this population-based study, the incidence rate of dental discoloration after tetracycline
exposure was 153 per 100,000 person-years in Korean children aged 0-12 years. The
incidence of dental discoloration in the 8-12 years age group was approximately 80% lower
than that in the 07 years group. Moreover, no increased risk of dental discoloration was
observed in tetracycline-exposed children compared to that in the general population in

the 07 years age group. To our knowledge, this is the largest investigation to determine the
incidence and risk factors in tetracycline-exposed children. Our findings suggest that some
countries, including Korea, need to reconsider the 8-12 years age restriction for tetracyclines
such as doxycycline.
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Even in children aged <8 years, the incidence of dental discoloration after tetracycline
exposure was relatively low. The 5- and 10-year cumulative incidence rates were 4.1% and
5.7%, respectively, in the 07 years group. These were comparatively lower than that reported
in previous studies in the 1960s."% Since 1958, when dental discoloration was first observed
in neonates, a high but variable incidence (38-92%) was reported.'® There are feasible
explanations for this variability. First, the use of first-generation tetracyclines, which have

a higher affinity for calcium ions in dentin than second-generation tetracyclines, such

as doxycycline, during the critical period of odontogenesis known to be around 7-8 years

of age, may have caused a higher risk of dental discoloration. This possibility has been
suggested since 1969 in a study that highlighted that only 1 of 25 premature infants who
received doxycycline had discoloration 1 year after treatment.' Second, a longer duration
and higher cumulative tetracycline dose were used in past practice, which might have
contributed to a greater frequency of dental discoloration.") However, recently, the likelihood
is low, especially in children older than neonates, with short-course doxycycline. In 2007,
Volovitz et al.”” found no dental discoloration in children with average age of 10 years with
atypical pneumonia treated with short-term doxycycline in a randomized controlled study.
Furthermore, a retrospective cohort in 2015 found no tooth staining in Indian American
children aged <8 years with RMSF treated with short-course doxycycline at routine dose
(95% CI, 0% to 3%).” These findings support the US CDC guidelines recommending the

use of doxycycline as first-line treatment for RMSF and other tick-borne rickettsia diseases

in adults and children, including those aged <8 years. Moreover, the American Academy of
Pediatrics permits short-course doxycycline (up to 21 days) in children, regardless of age for
aforementioned indications.!® Therefore, our results provide additional evidence that the risk
of dental discoloration attributable to tetracyclines, especially doxycycline, is minimal.

Regarding the tetracycline prescription pattern in Korea, our study reflects the gradual
yearly decline in tetracycline prescription in children due to the effect of the DUR program
implemented in April 2007 in Korea. The DUR is the world’s only drug safety inspection
system that checks a patient’s medication history in real time to prevent overuse or restrict
the prescription of contraindicated drugs.'” Consequently, in our study, the number of
children aged <12 years with tetracycline prescriptions decreased sharply from 5,215 in
2008 to 3,216 in 2020, and the APC showed a significant decrease of -2.7 when the DUR
was implemented (Supplementary Fig. 1). However, if the health authorities relax the age
restriction, clinicians will prescribe tetracyclines with more confidence when indicated.
Thus, our finding serves as an important stepping stone toward lowering the standards for
prescribing tetracyclines to children for treating life-threatening but treatable diseases, such
as RMSF, Lyme disease, malaria, and MRMP."?%

Lowering the age restriction for tetracyclines from 12 to 8 years in Korea could be
recommended because the 8-12 years age group demonstrated a significantly lower incidence
of dental discoloration than the 07 age group. In many countries, including Korea and the
UK, tetracycline use is limited to individuals aged <12 years compared to <8 years in the US.
This variable age restriction is due to different views on the completion of odontogenesis
and maturation in children.?”) However, our results indicate that the 10-year cumulative
incidence in the 8-12 years group is approximately 20% of that in the 0-7 years group. Since
the prevalence of MRMP is higher among older children and adolescents, especially in East
Asia,?¥ having doxycycline and minocycline (with well-established efficacy) as additional
treatment options is reassuring. Minocycline and doxycycline were approved in Japan for
children aged >8 years with M. pneumoniae infection treatment failure in 2004. A 2012 study

https://doi.org/10.14776/piv.2024.31.e1 32



PEDIATRIC
INFECTION
Dental Discoloration in Children After Tetracycline Exposure in Korea & VACCINE

https://piv.or.kr

showed that tetracyclines were used in >50% patients with MRMP (n=125/202) in Japan, and
this group achieved better clinical outcomes, including achieving defervescence within 24
hours and less DNA copies after 3 days of treatment.? Furthermore, a retrospective study
conducted in Korea emphasized that using doxycycline for treating MRMP in children
(median age, 5 years) did not result in any dental discoloration.??

Our study additionally described the risk factors, other than age, for dental discoloration in
tetracycline-exposed children—female sex and respiratory and metabolic comorbidities.
There is a paucity of reports on risk factors for dental discoloration; instead, positive
correlations have been proposed between first-generation tetracycline exposure and several
patient and treatment factors, such as birth weight, gestational age, long treatment duration,
and high cumulative dosage.'¥ In our study, female sex and respiratory and metabolic
comorbidities were associated with a higher risk of dental discoloration with tetracycline
exposure. Thus, these children may have an underlying predisposition, developing dental
discoloration with an additional contribution of tetracyclines. For instance, cystic fibrosis
is a multi-organ genetic disease, and because saliva production affects tooth color, patients
with cystic fibrosis may be at a higher risk of tooth staining due to the different saliva
composition.?» Moreover, children with metabolic disorders, such as vitamin D-resistant
rickets, Alstrom syndrome, and familial steroid dehydrogenase deficiency, have a higher
incidence of dental manifestations.?) Therefore, we suggest an additional contribution of
tetracyclines in children who are already susceptible to dental discoloration. Nonetheless,
due to variable results regarding the risk factors for tooth staining, further studies using
match-controlled and randomization methods are warranted to better evaluate whether
patients’ demographic features can increase the risk of dental discoloration.

This study has several limitations. First, the retrospective design may limit further
implications regarding a causal relationship between tetracycline exposure and dental
discoloration. Second, unexpectedly, the risk of dental discoloration was lower in the 8-12
years age group than in the 07 years age group. It is possible that unexpected biases might
have been involved in the comparisons with the tetracycline-naive general population (control
group). For example, “staining of teeth” and “colour changes during tooth formation”

in healthy children, even with a mild observation of tooth discoloration, are commonly
diagnosed with these codes in real-world practice. The “intrinsic staining for teeth NOS”
code was the most common code in paediatric outpatient cases aged 5-9 in 2021." This
over-diagnosis might have been corrected by filtering those who were treated for staining;
however, information regarding treatment was not gathered in our study partially due to
inadequate data from dental clinics. This could have excluded the mild cases of tooth staining
in the general population. In addition, since the database is mainly for NHIS medical billing,
information on treatment and medical records describing the severity of the patient symptoms
were not included. This might have minimized over-diagnosis and under-diagnosis. Also,

the lack of knowledge on the onset time of dental discoloration after tetracycline exposure
resulted in setting the washout period as 6 months, because most population-based studies
frequently use washout period of 6 months to 2 years.?” If further investigation on the natural
course of tetracycline’s dental effects is done, a more accurate washout period may have

been set. Lastly, the operational definition of dental discoloration might not have accurately
reflected actual tooth staining. However, because the definition was applied to both the study
cohort and general population, this bias might have been compensated for when calculating
the SIR. In the future, more well-designed, population-based studies, such as propensity score
matching case-controlled studies, might be required for clarification.
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Despite these limitations, to our knowledge, this is the first nationwide population-based
investigation on dental discoloration after tetracycline exposure in children and the first
study to analyse its risk factors in Korea. Further, the real-world data are meaningful as they
reflect the current practice of tetracycline prescription in Korea.

In conclusion, the incidence of dental discoloration was significantly lower in tetracycline-
exposed 8-12-year-old children than in tetracycline-exposed O-7-year-old children. Further
studies using match-controlled methods should be conducted to substantiate our finding that
the potential risk of tetracyclines in children is lower than expected to relieve the age restriction.
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