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Background: Pivalate-conjugated f-lactam antibiotics (PCAs) have been developed to enhance bioavailabili-
ty by incorporating the pivoxil group into the f-lactam chemical structure. Although there are only case reports
and observational studies limited to pediatric patients on PCA-associated hypocarnitinemia, no comparisons
have been made across all age groups, and comprehensive data from larger-scale studies are limited. Therefore,
we investigated the association between PCA use and the onset of hypocarnitinemia for all age groups by ana-
lyzing the Japanese Adverse Drug Event Report (JADER) database. Methods: We analyzed 2,226,010 adverse
event cases from the JADER database between April 2004 and March 2024. To detect signals of hypocarnitine-
mia, we calculated the reporting odds ratio and 95% confidence interval. Results: Among the total reported cas-
es of hypocarnitinemia, the highest number of occurrences (252 cases) and the signal of hypocarnitinemia were
detected in PCAs, whereas no cases were observed for other f-lactam antibiotics (non-PCAs). Multiple logis-
tic regression analysis revealed that the PCA use, age (< 10 years), and concomitant use of valproate were asso-
ciated with the onset of hypocarnitinemia. Most patients with hypocarnitinemia were under 10 years of age. An
evaluation based on consumption data analysis from the National Database of Health Insurance Claims and
Specific Health Checkups of Japan (NDB) open database suggested that antimicrobial consumption is highest
among children under 10 years of age. Conclusions: Our findings suggest that the use of f-lactam antibiotics
containing a pivoxil moiety is disproportionately associated with reports of hypocarnitinemia in the JADER
database. These findings should be interpreted as hypothesis-generating.
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INTRODUCTION in urine in the form of pivaloyl carnitine, resulting in a cor-
responding deficiency of the concentration of carnitine in

Carnitine, a low-weight molecule involved in lipid metabo-  serum.>

lism, plays an essential role in energy production by transport-
ing long-chain fatty acids into the mitochondria.!¥ In patients
with hypocarnitinemia, reduced serum carnitine levels can
lead to inhibition of fatty acid beta-oxidation during fasting,
resulting in hypoglycemia.?

Pivalate-conjugated f-lactam antibiotics (PCAs) such as
cefcapene pivoxil (CFPN-PI), cefditren pivoxil (CDTR-PI),
cefteram pivoxil (CFTM-PI), and tebipenem pivoxil (TBPM-
PI), which have pivoxil groups in their chemical structures,
have been used to treat bacterial infections in Japan. Owing
to its low absorption rate in the intestine, pivalic acid is often
conjugated to improve its bioavailability.34 Following absorp-
tion, the conjugated pivalic acid is liberated from antibiotics,
reacts with endogenous carnitine in the liver, and is excreted

In April 2012, the Japan Pediatric Society and the Pharma-
ceutical and Medical Device Agency (PMDA) warned against
the development of severe hypocarnitinemia and subsequent
hypoglycemia due to PCA administration and recommended
minimizing prolonged misuse and overuse of this class of anti-
biotics.”

Several case reports!®-2 or case series'® have suggested an
association between PCA administration and the development
of hypocarnitinemia. However, reports on analyses based on a
large number of cases and statistically derived evidence, such
as patient background involved in the development, time-to-
onset, or frequency of this adverse event (AE), remain limited.

Interestingly, hypocarnitinemia, which is associated with
severe complications, such as hypoglycemia,'® coma, and
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encephalopathy,'’:'» does not frequently develop; therefore,
previous studies may not have sufficient power to assess
the association of PCA use with the onset of hypocarnitine-
mia. Because hypocarnitinemia is a rare adverse event and
large-scale prospective studies are difficult to conduct, dis-
proportionality analysis using spontaneous reporting databas-
es represents a useful pharmacovigilance approach for signal
detection. To address this issue, we used the Japanese Adverse
Drug Event Report (JADER) database, a large, spontaneous
reporting system that contains aggregated AEs managed by the
PMDA.

Previous reports have shown that these AEs occur not
only in patients receiving long-term therapy but also in those
who receive PCAs within a few days;®!2 detailed analyses of
the association between the duration of PCA treatment and
the development of hypocarnitinemia are lacking. In addi-
tion, there are limited reports on whether the development of
hypocarnitinaemia can be attributed to the chemical structure
of PCAs among f-lactam antibiotics. Previous database stud-
ies investigating PCA-associated hypocarnitinemia were con-
ducted primarily in pediatric populations and included a lim-
ited number of events.!>!5 Because hypocarnitinemia is a rare
adverse event and serum carnitine concentrations are not rou-
tinely measured in clinical practice, obtaining sufficient num-
bers of cases for analysis using conventional healthcare data-
bases is challenging. Spontaneous reporting databases are
particularly useful for the pharmacovigilance assessment of
rare adverse drug reactions such as hypocarnitinemia. There-
fore, we used the Japanese Adverse Drug Event Report
(JADER) database to evaluate reporting patterns of PCA-asso-
ciated hypocarnitinemia and to identify patient characteristics
associated with its reporting.

To clarify the association between the development of
hypocarnitimemia and the pivoxil structure, this study aimed
to use JADER to extract additional information regard-
ing patient-related conditions associated with the onset of
hypocarnitinemia.

METHODS

Acquisition, Preprocessing, and Data Creation from
JADER The JADER database contains information on spon-
taneously reported AEs in Japan, and consists of four tables:
DEMO (patient demographic information such as sex, age,
and body weight), DRUG (information on drug names and
causal relationships), REAC (information on AEs and out-
comes of patients), and HIST (primary disease information).
Data from the four tables were downloaded from the PMDA,
and data from April 2004 to March 2024 were included in the
analysis.!®)

In the JADER data, the recorded patient data are
anonymized; therefore, approval from the Institutional Eth-
ics Review Committee was not required. The data from four
tables were merged based on the patient ID numbers (Full
data table, Fig. 1). After removing the duplicate entries in the
“patient ID number,” “participation of drug,” “drug name,”
and “AE” in the Full data table, we obtained the “Prima-
ry Dataset” (Fig. 1). Only reports on “suspected drugs” were
extracted from the dataset. Dataset A was created after exclud-
ing reports with inconsistent time series and those receiving
sulfonylureas, short-acting insulin secretagogues, and insulin
derivatives (since these drugs can cause hypoglycemia directly
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or indirectly via the insulin receptor) (Fig. 1).

Definitions of AEs and Drugs Hypocarnitinemia was
defined as the target AE. In the REAC table, the names of AEs
were extracted according to the Medical Dictionary for Regula-
tory Activities/Japanese version 27.1 (MedDRA/J),'” in which
the preferred terms (PTs) were used. The PTs used in this study
were as follows: “carnitine decreased (PT code:10007668)” and
“hypocarnitinemia (PT code:10073952)”.

PCAs, non-PCA oral f-lactams, adefovir (an antiviral agent
containing two pivoxil groups in its chemical structure), and
valproate (VPA; an antiepileptic agent; known to induce carni-
tine deficiency?) were employed for the signal detection anal-
ysis (Table 1).

Non-PCA oral f-lactams that do not have a pivoxil group,
such as cefpodoxime, cefuroxime, cefaclor, cefdinir, cefixi-
me, cefroxadine, cephalexin, and faropenem, were included as
comparative controls.

Statistical Analysis All analyses were performed using
JMP Pro ver. 17.0.0 (SAS Institute Inc., Cary, NC, USA). The
reporting odds ratio (ROR), 95% confidence interval (CI),
and p-value were employed to estimate the causality between
drugs and AEs. p-value < 0.05 was considered statistically sig-
nificant.

For univariate analysis, a crude ROR was calculated using
the following formula with two-by-two contingency tables:

ROR = (a/c)/(b/d) = ad/bc

where a is the number of reports of the target AE with the tar-
get drug, b is the number of reports of all other AEs with the
target drug, ¢ is the number of reports of the target AE with
all the other drugs, and d is the number of reports of all other
AEs with all the other drugs.'® If the number of cases exceed-
ed 3 and the lower limits of the 95%CI for the ROR exceed-
ed 1 (with its corresponding p-value < 0.05), it was judged as
a signal.

Univariate and Multivariate Analyses Univariate and
multivariate logistic analysis using Dataset A (Fig. 1) were
performed to identify independent factors for the onset of
hypocarnitinemia. All independent variables were assigned to
binary response age (< 10 or > 10 years), PCA user (yes or
no), sex (male or female), and concomitant use of medication
(concomitant use with or without VPA). The “age” was set as
a variable based on the alert issued by PMDA in April 20129
regarding the use of PCAs and the development of hypocarni-
tinemia, whereas the sex of the patients was based on the pre-
vious report.?

Analysis of the Onset of PCA-Associated Hypocarnitine-
mia per Prescription To evaluate the onset of hypocarni-
tinemia per antibiotic prescription, we employed another data-
base, the National Database of Health Insurance Claims and
Specific Health Checkups of Japan (NDB).!» The NDB, man-
aged by the Ministry of Health, Labor, and Welfare (MHLW)),
is a health insurance claims database containing most of the
available data in the National Healthcare Insurance System in
Japan. Recently, MHLW released “NDB open data,” a com-
prehensive compilation of statistics from the Japanese health-
care system that is freely accessible. The NDB open data
file, downloaded on October 7, 2025, was employed to ana-
lyze antibiotic consumption in the present study to estimate
the frequency of hypocarnitinemia. For the age groups > 20
years, the defined daily doses (DDDs) of CFPN-PI, CDTR-PI,
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DEMO table
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898,584 patients

DRUG table
4,540,380 cases

REAC table

1,488,596 cases

HIST table
1,754,462 cases

105

Transposed HIST table?

Full data table
8,388,360 cases

Excluded

655,743 patients

Duplicated data

Primary Dataset
6,568,343 cases
* Hypocarnitinemia (760 cases/225 patients)
* PCAuse (12,005 cases/7,144 patients)
* PCA use - Hypocarnitinemia
(263 cases/179 patients)
898,584 patients

1,820,017 cases

Excluded

Concomitant use, drug interaction, and inconsistent data®
Use of insulin preparations, sulfonylureas, or short acting

Dataset A (for univariate analysis)
2,226,010 cases
* Hypocamitinemia (359 cases/220 patients)
« PCAuse (4,276 cases/2,997 patients)
* PCA use - Hypocarnitinemia
(252 cases/175 patients)

854,284 patients

Excluded

insulin secretagogues data
4,342,333 cases

Age and sex undetermined data

Dataset B (for multivariate analysis)
* Hypocamitinemia (352 cases/214 patients)

7 cases

Fig. 1. Flowchart for the Preprocessing and Creation of the Study Cohort Dataset for Analysis Using JADER

o

In the JADER dataset, the causes of drug-related hypocarnitinemia were divided into three categories: “suspected drugs”, “concomitant drugs”, and “interaction drugs”. Only
the data from “suspected drug” was extracted. » In the HIST table, information on multiple underlying diseases in a single patient is represented across multiple rows. To simplify
the process, information on multiple diseases in one patient was consolidated into a single row in the “Transposed HIST table.” ® If the “date of AEs onset” preceded the “date of

start administration,” the relevant data were excluded from the analysis.

CFTM-PI, TBPM-PI, and pivmecillinam (PMPC) in the ana-
tomical therapeutic chemical (ATC)/DDD system2? were 0.45,
0.4, 0.4, 0.56, and 0.6 g/d, respectively.

In the JADER database, patient age is categorized in
10-year intervals; therefore, the defined daily dose (DDD)
for the 0-9-year age group required adjustment relative to the
adult DDD. We adjusted the DDD for this age group based on
average body weight. Data on age-specific mean body weights
were obtained from government statistics: for children aged
0—4 years, from the 2023 Infant and Young Children Growth
Survey conducted by the Children and Families Agency,? and
for those aged 5-9 years, from the 2024 School Health Sta-
tistics Survey conducted by the Ministry of Education, Cul-
ture, Sports, Science and Technology, Japan.2!-2) Age-specif-
ic adjusted DDDs were calculated by multiplying the average
body weight for each single-year age group by the maximum
pediatric daily dose for each oral PCA (as specified in the

respective package inserts in Japan; CFPN-PI: 9 mg/kg/day;
CDTR-PI and CFTM-PI: 18 mg/kg/day; TBPM-PI: 12 mg/kg/
day). Subsequently, DDDs were calculated in the same man-
ner as for adults by dividing antimicrobial consumption by the
adjusted DDD. The resulting values were then normalized by
the population of the corresponding age group for fiscal year
2023 (8,927,000).2H

The final adjusted DDDs for the 0-9-year age group were
as follows: CFPN-PI, 0.17; CDTR-PI, 0.34; CFTM-PI, 0.34;
and TBPM-PI, 0.15. To estimate antimicrobial use, total PCA
consumption was expressed as defined daily doses per 1,000
inhabitants per day (DID). The annual DID was calculated as
follows:

DID (DDDs per 1,000 inhabitants per day) =
[{prescribed amounts (g)} / (DDD x 365 x population)] x 1,000
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Table 1. Number and ROR of Hypocarnitinemia by PCAs and Other Drugs
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Drug name Case Non-case Total

ROR (95%CI)

p-lactams (PCAs) 252 4,024 4,276

1,300 (1,035-1,634)

Cefcapene pivoxil 101 2,521 2,622 345.2 (273.4-435.9)
Cefditoren pivoxil 113 1,190 1,303 858.7 (682.3-1,081)
Cefteram pivoxil 18 247 256 475.6 (291.3-776.4)
Tebipenem pivoxil 20 62 82 2,118 (1,265-3,545)
Pivmecillinam 0 4 4 -
[-lactams (non-PCAs) 8,856 8,856 -
Cephalosporins
Cefaclor 0 611 611 -
Cefroxadine 0 8 8 -
Cephalexin 0 154 154 -
Cefatrizine 0 8 8 -
Cefadroxil 0 4 4 -
Cefuroxime axetil 0 126 126 -
Cefotiam 0 86 86 -
Cefpodoxime proxetil 0 283 283 -
Cefixime 0 61 61 -
Cefdinir 0 1,091 1,091 -
Ceftibuten 0 11 11 -
Penicillins
Benzylpenicillin 0 9 9 -
Ampicillin 0 76 76 -
Amoxicillin 0 5,713 5,713 -
Bacampicillin 0 90 90 -
Sultamicillin tosilate 0 301 301 -
Carbapenems
Faropenem 0 224 224
Other drugs 107 2,212,771 2,212,878 0.0025 (0.0020-0.0031)
Adefovir pivoxil 0 1,623 1,623 -
Valproate 44 6,987 7,031 44.35 (32.33-60.89)
Carbamazepine 3 11,195 11,198 1.67 (0.53-5.19)
Cyproheptadine 3 234 237 80.14 (25.54-251.5)
Phenobarbital 3 2,185 2,188 8.58 (2.75-26.74)
Enteral nutritional supplements 3 52 382.8 (118.8-1,234)
Others 51 2,190,497 2,190,548 0.0027 (0.0020-0.0036)
Total 359 2,225,615 2,226,010

ROR, reporting odds ratio; PCAs, pivalate-conjugated fS-lactam antibiotics; 95%CI, 95% confidence interval

The total population data from 2014 to 2023 were obtained
from the Statistics Bureau of Japan.2h We calculated the medi-
an DID over a 10-year period and compared the values across
different age groups. Statistical analyses were performed using
the Kruskal-Wallis test followed by the Steel-Dwass test.
p <0.05 was considered statistically significant.

RESULTS

Signal Detection for Adverse Events Reports As shown
in the primary dataset (Fig. 1), 898,584 patients and 6,568,343
cases of AEs were registered in JADER during the study peri-
od (Primary Dataset). In Dataset A, comprising a total of
2,226,010 cases, the number of hypocarnitinemia cases related
to PCAs as the suspected drug was 252 cases.

Identification of Hypocarnitinemia Signals Associated
with PCAs and Other Drugs The results of the univariate
analysis on the safety signal for hypocarnitinemia are shown in
Table 1. Among all antibiotics belonging to the f-lactam class,
signals for hypocarnitinemia were detected only in the PCAs
group, CFPN-PI, CDTR-PI, CFTM-PI, and TBPM-PI [ROR

(95% CI); 345 (273-436), 859 (682-1,081), 476 (291-776), and
2,118 (1,265-3545), respectively]. In contrast, no cases were
reported in other f-lactam antibiotics (non-PCAs). For drug
groups other than antibiotics, a safety signal for hypocarni-
tinemia was detected only for VPA, enteral nutrition formu-
la, and cyproheptadine. However, in cyproheptadine-related
cases, two of the three drugs were co-administered with PCAs
(CFPN-PI).

Univariate and Multivariate Analysis of Patients Who
Developed Hypocarnitinemia Univariate and Multivariate
logistic analyses were performed by extracting 352 cases who
developed hypocarnitinemia in Dataset A (Table 2).

Among these patients, the onset of hypocarnitinemia was
significantly associated with PCA users (ROR, 843; 95%CI
[641, 1,107]; p < 0.0001), patients under 10 years of age
(ROR, 21.2; 95%CI [16.5, 27.1]), and concomitant use of VPA
(ROR, 34.4; 95%CI [25.1, 47.0]; p < 0.0001).

Assessment of Age-Specific PCA Utilization Using
NDB Figure 2 shows the antibiotic usage index as DID per
1,000 inhabitants per day for antimicrobial consumption and
the number of cases of hypocarnitinemia by age group. The
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Table 2. Univariate and Multiple Logistic Regression Analysis for Hypocarnitinemia

Univariate analysis Multivariate analysis

Classification Case (n) Total () RR* (%) ROR (95%CI)’ » value ROR (95%CI)° » value
PCA user 245 4,158 5.89 1,193 (948.7-1,501)  <0.0001 843 (641-1,107) <0.0001
Non-PCA user 107 2,039,151 0.00523 1 [reference] - 1 [reference] -
Age < 10 years 248 90,312 0.275 51.71 (41.12-65.02)  <0.0001 21.2 (16.5-27.1) <0.0001
Age > 10 years 104 1,952,997  0.00533 1 [reference] - 1 [reference] -
Female 189 1,002,664 0.0188 1.20 (0.98-1.48) 0.0832 1.18 (0.94-1.48) 0.146
Male 163 1,040,645 0.0157 1 [reference] - 1 [reference] -
Concomitant use of VPA-YES 81 45,028 0.180 13.29(10.36-17.03)  <0.0001  34.37 (25.14-46.98) < 0.0001
Concomitant use of VPA-NO 271 1,998,281 0.0136 1 [reference] - 1 [reference] -

“RR = [Case/Total] x 100 (%), * 95% wald CI. RR, reporting ratio; ROR, reporting odds ratio; 95%CI, 95% confidence interval; PCA, pivalate-conjugated

[-lactam antibiotic; VPA, valproate.
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Fig. 2. Age-Group Distributions of (A) Number of Reported Cases of Hypocarnitinemia and (B) Median Antimicrobial Consumption of PCAs over the 10-
Year Study Period, Expressed as Defined Daily Doses per 1,000 Inhabitants per Day (DID)
(A) The closed column represents cases of hypocarnitinemia in JADER by age group (fiscal year 2014-2023). (B) Box-and-whisker plots represent DID (DDDs per 1,000

inhabitants per day), which reflects the total annual PCA consumption. The DDD for each PCA was adjusted according to the age group of the patients (see Methods). The Kruskal-
Wallis test was followed by the Steel-Dwass test for multiple comparisons. *p < 0.05 vs. “< 10”.

number of hypocarnitinemia cases was the highest in patients
under 10 years of age (Fig. 2A); the estimated antimicrobial
consumption of PCAs in this age group was the highest across
all age groups (Fig. 2B).

DISCUSSION

In this study, the onset of hypocarnitinemia was reported
exclusively in patients receiving PCAs among f-lactam anti-
biotics, with most cases occurring in children under 10 years
of age.

To our knowledge, this is the first nationwide dispropor-
tionality analysis evaluating PCA-associated hypocarnitinemia
and comparing PCAs with other oral -lactam antibiotics lack-
ing a pivoxil moiety.

Most of the pivalic acid produced during the hydrolysis of
PCAs in the body is combined with L-carnitine and excreted
in the urine as pivaloylcarnitine. At this time, the concentra-
tion of free L-carnitine in the blood decreased for a short peri-
od. However, approximately 98% of carnitine in the body is
distributed within the muscles, and carnitine deficiency symp-
toms are rare in adults with a large muscle mass. In contrast,
children have low muscle mass, and when their energy needs

are increased by fever due to infection, they may develop
symptoms such as hypoglycemia, impaired consciousness, and
convulsions due to impaired fatty acid f-oxidation, which is a
serious symptom of hypocarnitinemia.*

Brass et al. have reported in the study with healthy adults
that plasma free carnitine levels declined to less than half of
the baseline within a few days after the initiation of CFDN-
P1.» However, this decrease quickly recovered to normal lev-
els when the administration of CFDN-PI was terminated. On
the other hand, young children, including neonates, who have
low carnitine stocks in the body to begin with, may be more
prone to hypocarnitinemia than adults, as carnitine consump-
tion and depletion in the body may be significant due to PCA
administration and the development of infections resulting
from this.

In the present study, a signal for hypocarnitinemia was
detected in patients who received f-lactam antibiotics con-
taining a pivoxil group. Reports of hypocarnitimemia were
observed only for the PCAs within the f-lactams in the pre-
sent dataset.

Based on the results of our analysis, we excluded multi-
ple cases within a single patient, which resulted in the analysis
of 48 cases in a dataset. Of these 48 cases, only 2 were more
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than 10 years old, while the remaining were children under 10
years of age. In addition, more than 60% of cases developed
hypocarnitinemia within one week of PCA administration.
These findings suggest that careful monitoring for hypocar-
nitinemia may be warranted, particularly when PCAs are pre-
scribed to children under 10 years of age. However, since
serum carnitine concentrations are not routinely measured in
clinical practice, hypocarnitinemia may be underdiagnosed
and underreported, particularly among patients receiving anti-
biotics not generally recognized as causing carnitine deple-
tion. Therefore, the absence of reported cases in non-PCA
B-lactams should not be interpreted as evidence that hypocar-
nitinemia never occurs with these agents.

In a study using the Japan Medical Data Center (JMDC)
database, which was established by a medical and pharma-
cy claims database, the onset of hypoglycemia, as a second-
ary cause of hypocarnitinemia, was associated with the use
of PCAs.' These analyses were limited to children under the
age of 5 years. In our present study, owing to the characteris-
tics of the database used, the analysis was performed without
age restrictions. The occurrence of hypocarnitinemia in old-
er adult patients was observed in this study and previous case
reports,'® although to a lesser extent. Figure 2A showed that
11 cases of hypocarnitinemia were more than 60 years old,
but the time-to-onset of hypocarnitinemia in older age groups
could not be evaluated due to insufficient data on the duration
of PCA use.

The multivariate analysis in Table 2 indicated that concom-
itant use of VPA was associated with the onset of hypocarni-
tinemia. Regarding the results in Table 2, when the study pop-
ulation was redefined as “under 10 years of age” and the data
were reanalyzed using gender, use of PCA, and concomitant
valproic acid as explanatory variables, significant associa-
tions were observed for all of these factors (see Supplementary
Table). Based on these findings, further investigation is need-
ed to determine whether gender differences are also observed
in pediatric patients.

Possible mechanisms for the development of hypocarni-
tinemia with VPA administration include inhibition of renal
reabsorption of L-carnitine by VPA, inhibition of L-carnitine
synthase, and conversion of VPA to valproyl-CoA. This val-
proyl-CoA binds to carnitine similarly to PCAs and is excret-
ed as valproylcarnitine.? Okumura et al. reported chang-
es in serum free carnitine levels in six epilepsy patients (2-16
years) treated with VPA who received concomitant treatment
with PCAs.2% Three of those six patients had received carni-
tine supplementation before PCA and had free carnitine levels
in the serum within the normal range. In the remaining three
patients without carnitine supplementation, serum free carni-
tine levels fell below the normal range.

Especially for pediatric patients, concomitant use of VPA
and PCA may result in a rapid decline in carnitine levels.
Therefore, these findings suggest that patients receiving con-
comitant VPA may require careful clinical attention. Wheth-
er serum carnitine monitoring or prophylactic carnitine sup-
plementation improves outcomes should be evaluated in future
studies.

This study has some limitations. First, spontaneous report-
ing systems, such as the JADER database, are associated with
various biases, including underreporting, overreporting, miss-
ing data, a lack of a denominator, and confounding factors.
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To address the lack of a denominator, we presented data that
determined the number of PCAs prescribed and approximated
the frequency of prescriptions (Fig. 2B). DID does not direct-
ly represent the number of exposed patients and therefore can-
not be used to estimate the true incidence of hypocarnitinemia.
The NDB analysis was performed solely to evaluate utilization
patterns across age groups. These data suggested that the dif-
ference in the number of cases by age group may not be due to
differences in the PCA prescription frequency.

Second, since fiscal year 2012, warnings regarding the
onset of hypocarnitinemia associated with PCA use in children
have been issued by the PMDA and the Japan Pediatric Soci-
ety.?20) Therefore, the rise in reported hypocarnitinemia cases
after the 2012 fiscal year suggests the possibility of notorie-
ty bias,?” whereby increased awareness following safety alerts
may have stimulated reporting of hypocarnitinemia.

Conclusion Our findings suggest that the use of B-lactam
antibiotics containing a pivoxil moiety is disproportionate-
ly associated with reports of hypocarnitinemia in the JADER
database. These findings should be interpreted as hypothesis-
generating, and further epidemiological studies are warranted
to confirm these associations. Careful monitoring for hypocar-
nitinemia may be appropriate, particularly in children under 10
years of age and patients co-administered VPA.

Acknowledgments We thank Editage for editing and
reviewing this manuscript in the English language.

Conflict of interest The authors declare no conflict of
interest.

Authors’ contributions All authors meet the ICMJE
authorship criteria. ST, RS, and TY conceived and designed
the study. ST, RS, MT, and NH were responsible for the data
acquisition, analysis, and interpretation. ST and RS prepared
the initial draft of the manuscript, and NI and TY revised it.
All the authors have read and approved the final manuscript.

REFERENCES

1) Kobayashi H, Fukuda S, Yamada K, Hasegawa Y, Takahashi T,
Purevsuren J, Yamaguchi S. Clinical Features of Carnitine Deficiency
Secondary to Pivalate-Conjugated Antibiotic Therapy. J Pediatr., 173,
183-187 (2016).

2) Stanley CA. Carnitine deficiency disorders in children. Ann. N. Y.
Acad. Sci., 1033, 42-51 (2004).

3) Brass EP, Mayer MD, Mulford DJ, Stickler TK, Hoppel CL. Impact on
carnitine homeostasis of short-term treatment with the pivalate prodrug
cefditoren pivoxil. Clin. Pharmacol. Ther., 73, 338-347 (2003).

4) Revision Working Group for the 2018 revised guidelines. “The 2018
revised guidelines for diagnosis and treatment of carnitine deficiency.
Japan Pediatric Society, 2018 (in Japanese)” <https://www.jpeds.or.jp/
modules/guidelines/index.php?content_id=2>, cited 7 October, 2025.

5) Melegh B, Kerner J, Bieber LL. Pivampicillin-promoted excretion of
pivaloylcarnitine in humans. Biochem. Pharmacol., 36, 3405-3409
(1987).

6) Holme E, Greter J, Jacobson CE, et al. Carnitine deficiency induced by
pivampicillin and pivmecillinam therapy. Lancet, 2, 469-473 (1989).

7) Ito T, Sugiyama N, Kobayashi M, et al. Alteration of ammonia and
carnitine levels in short-term treatment with pivalic acid-containing
prodrug. Tohoku J. Exp. Med., 175, 43-53 (1995).

8) Nakajima Y, Ito T, Maeda Y, et al. Detection of pivaloylcarinitine in
pediatric patients with hypocarnitinemia after long-term administration
of pivalate-containing antibiotics. Tohoku J. Exp. Med., 221, 309-313
(2010).


https://www.jpeds.or.jp/modules/guidelines/index.php?content_id=2
https://www.jpeds.or.jp/modules/guidelines/index.php?content_id=2

Vol. 9, No. 4 (2026)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

Pharmaceutical and Medical Devices Agency. “PMDA alert for prop-
er use of drugs, 2012.” <http://www.pmda.go.jp/files/000153551.
pdf#tpage=1>, cited 7 October, 2025.

Hanai S, Iwata M, Terasawa T. Relapsing hypoglycemia associated
with hypocarnitinemia following treatment with cefcapene pivoxil in
an elderly man. Intern. Med., 58, 2891-2894 (2019).

Makino Y, Sugiura T, Ito T, Sugiyama N, Koyama N. Carnitine-associ-
ated encephalopathy caused by long-term treatment with an antibiotic
containing pivalic acid. Pediatrics, 120, e739-e741 (2007).

Ito M, Fukuda M, Suzuki Y, Wakamoto H, Ishii E. Carnitine-relat-
ed hypoglycemia caused by 3 days of pivalate antibiotic therapy in a
patient with severe muscular dystrophy: a case report. BMC Pediatr.,
17,73 (2017).

Tatebe Y, Koyama T, Mikami N, Kitamura Y, Sendo T, Hinotsu S.
Hypoglycemia associated with pivalate-conjugated antibiotics in
young children: A retrospective study using a medical and pharmacy
claims database in Japan. J. Infect. Chemother:, 26, 86-91 (2020).
Okumura A, Morita M, Ikeno M, Abe S, Shimizu T. Acute encephalop-
athy in a child with secondary carnitine deficiency due to pivalate-con-
jugated antibiotics. Pediatr. Infect. Dis. J., 30, 92 (2011).
Suzuki-Yoshida K, Nakano K, Nakakuni M, Deguchi N, Mitsui S,
Kobayashi S, Yamatani A, Akabane M. Research on the Clinical Prac-
tical Use of Pivoxil-Conjugated Antibodies and the Risk of Carnitine
Deficiency Using Real-World Data. Children (Basel), 11, 150 (2024).
The Pharmaceuticals and Medical Devices Agency. “The Japanese
Adverse Drug Event Report Database” <https://www.pmda.go.jp/safe-
ty/info-services/drugs/adr-info/suspected-adr/0004.html>, cited 26
June, 2025.

MedDRA/J ver.27.1 <https://www.pmrj.jp/jmo/php/index;j.php>, cited
26 June, 2025.

Nagai J, Ishikawa Y. Analysis of anticholinergic adverse effects using
two large databases: the US Food and Drug Administration adverse
event reporting system database and the Japanese adverse drug event
report database. PLoS One, 16, €0260980 (2021).

Ministry of Health. Labor and Welfare. “The NDB Open Data.”

BPB Reports

20)

21)

22)

23)

24)

25)

26)

27)

109

<https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000177182.html>,
cited 7 October, 2025.

World Health Organization. ATC/DDD index 2021. “Collaborating
Centre for drug statistics methodology.” <https://www.whocc.no/atc_
ddd_index/>, cited 7 October 2025.

Statistics of Japan. System of social and demographic statistics/social
indicators by prefecture. “Basic Data 2016-2025” <https://www.e-stat.
go.jp/en/stat-search/files?page=1&toukei=00200502&result_page=1>,
cited 7 Oct 2025.

Children and Families Agency. “2023 Survey on Physical Develop-
ment in Infants and Youn Children: Summary of Results” <chrome-
extension:// efaidnbmnnnibpcajpcglclefindmkaj/https://www.cfa.go.jp/
assets/contents/node/basic_page/field ref resources/b32105e4-fa26-
42eb-97d0-2e5cbaef703a/25a6391¢/ 20241225 policies_boshihoken
r5-nyuuyoujityousa_10.pdf>, cited 13 Mar 2026.

Ministry of education. culture, sports, science and technology-Japan.
“2024 Results of School Health Statistics Survey” <chrome-exten-
sion:// efaidnbmnnnibpcajpcglclefindmkaj/https://www.mext.go.jp/
content/20250213-mxt_ chousa01-000040132 1.pdf>, cited 13 Mar
2026.

Wu MY, Chang FY, Ke JY, Chen CS, Lin PC, Wang TS. Valproic Acid-
Induced Hyperammonemic Encephalopathy in a Patient with Bipolar
Disorder: A Case Report. Brain Sci., 10, 187 (2020).

Okumura A, Numoto S, Iwayama H, Azuma Y, Kurahashi H. Carni-
tine supplementation prevents carnitine deficiency caused by pivalate-
conjugated antibiotics in patients with epilepsy prescribed valproate.
Epilepsy Behav., 117, 107883 (2021).

Japan Pediatric Society Calling Attention to Hypocarnitinemia Associ-
ated with the Use of Antibiotics Containing a Pivoxil Group. <https://
www.jpeds.or.jp/uploads/files/20190820pivoxil chuikanki.pdf.>, cited
26 October, 2025.

Pariente A, Gregoire F, Fourrier-Reglat A, Haramburu F, Moore N.
Impact of safety alerts on measures of disproportionality in sponta-
neous reporting databases: the notoriety bias. Drug Saf., 30, 891-898
(2007).


http://www.pmda.go.jp/files/000153551.pdf#page=1
http://www.pmda.go.jp/files/000153551.pdf#page=1
https://www.pmda.go.jp/safety/info-services/drugs/adr-info/suspected-adr/0004.html
https://www.pmda.go.jp/safety/info-services/drugs/adr-info/suspected-adr/0004.html
https://www.pmrj.jp/jmo/php/indexj.php
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000177182.html
https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/
https://www.e-stat.go.jp/en/stat-search/files?page=1&toukei=00200502&result_page=1
https://www.e-stat.go.jp/en/stat-search/files?page=1&toukei=00200502&result_page=1
chrome-extension:// efaidnbmnnnibpcajpcglclefindmkaj/https://www.cfa.go.jp/assets/contents/node/bas
chrome-extension:// efaidnbmnnnibpcajpcglclefindmkaj/https://www.cfa.go.jp/assets/contents/node/bas
chrome-extension:// efaidnbmnnnibpcajpcglclefindmkaj/https://www.cfa.go.jp/assets/contents/node/bas
chrome-extension:// efaidnbmnnnibpcajpcglclefindmkaj/https://www.cfa.go.jp/assets/contents/node/bas
chrome-extension:// efaidnbmnnnibpcajpcglclefindmkaj/https://www.cfa.go.jp/assets/contents/node/bas
chrome-extension:// efaidnbmnnnibpcajpcglclefindmkaj/https://www.mext.go.jp/content/20250213-mxt_ c
chrome-extension:// efaidnbmnnnibpcajpcglclefindmkaj/https://www.mext.go.jp/content/20250213-mxt_ c
chrome-extension:// efaidnbmnnnibpcajpcglclefindmkaj/https://www.mext.go.jp/content/20250213-mxt_ c
https://www.jpeds.or.jp/uploads/files/20190820pivoxil_chuikanki.pdf
https://www.jpeds.or.jp/uploads/files/20190820pivoxil_chuikanki.pdf

