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Aim: In 2010, the maximum dosage of metformin was increased in Japan to the maximum dosage approved
in the United States. This study aimed to evaluate the impact of the revised dosage in the package insert on met-
formin-associated lactic acidosis (MALA) reports in Japanese patients using the Japanese Adverse Drug Event
Report (JADER) database. Methods: Adjusted reporting odds ratios of MALA was evaluated using multiple
logistic regression models. Trends were analyzed using the Mann—Kendall test and Pettitt's test. Receiver oper-
ating characteristic (ROC) curve analysis was used to estimate the metformin dose that influenced MALA devel-
opment. Results: The JADER database contains 845,956 reports submitted between April 2004 and March 2023.
The number of adverse event reports and mean dose increased after the 2010 revision of the package insert.
According to the ROC curve for lactic acidosis, the cutoff value was 1000.0 mg/day. Conclusions: Increase in
metformin doses owing to regulatory actions and the recommendation of the Japan Diabetes Society may have
influenced the increased MALA reporting rate, suggesting a dose-dependent relationship between the drug and
MALA. The cutoff for the daily dose of metformin associated with MALA was the current maintenance dose
listed in the package insert. We believe that MALA development must be carefully monitored in Japan even at

the dosage specified in the package insert.
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INTRODUCTION

Metformin is recommended worldwide as the first-line
treatment for type 2 diabetes” due to its high efficacy, safety,
and low cost.? However, metformin inhibits glycogenesis and
glucose synthesis from lactic acid, glycerol, and amino acids.
Additionally, there is a known risk of metformin-associated
lactic acidosis (MALA) owing to an increased lactic acid lev-
el in the blood.»

The reported incidence of MALA is low, at less than 10
cases per 100,000 patients.¥ Moreover, while increased blood
lactate levels have been observed in Japanese clinical trials,
there have been few reports of lactic acidosis (LA) in actual
clinical practice. However, 25%-50% of patients who develop
MALA die, making it a serious side effect.9 Therefore, infor-
mation on the risk of MALA occurrence is essential for health-
care professionals to enable early detection and take necessary
preventive actions. Notably, MALA is listed as a potential side
effect in the Japanese drug package insert.” The US Food and
Drug Administration (FDA) has issued a safety announcement
regarding the necessity of having boxed warnings about seri-
ous MALA.®

The maximum dose of metformin in the United States, both
at the time of approval in 1994 and today, is 2250 mg/day.*
However, due to concerns about the risk of MALA, regulato-
ry actions such as dosage controls were implemented twice in
Japan. Initially approved in 1961, the maximum dose of met-
formin was set at 1500 mg/day.” In 1977, following the fre-
quent occurrence of LA with the biguanide phenformin,'® a
medication with similar effects, the maximum dose of met-
formin was reduced to 750 mg/day.” It was later reported that
the frequency of MALA with metformin was much lower than
that with phenformin and not different from the spontaneous
frequency in patients with type 2 diabetes in the United States
and Europe.!') Because metformin exhibits dose-dependent
effects,'? the maximum dose was increased to 2250 mg/day in
2010 in Japan.”

Even after the revision of the dosage in the package insert,
daily doses in Japan remained below 1000 mg/day.!» The
main reason for selecting lower doses of metformin is con-
cern regarding the occurrence of MALA.!» Few studies in
Japan have comprehensively examined metformin dosage and
the frequency of LA in actual clinical practice. Therefore, it is
important to evaluate the impact and clarify the relationship
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between the revised of metformin dosage and the occurrence
of LA.

The Japanese Adverse Drug Event Report (JADER) data-
base is a database that reflects actual clinical practice and is
suitable for the analysis of infrequent adverse events (AEs)
such as MALA. Moreover, JADER database has years of
information on dose and AEs, making it suitable for evaluat-
ing the relationship between MALA and the metformin dos-
age, and providing an overview on the impact of document
revisions. Our study aimed to use the JADER database to clar-
ify dose associations and determine MALA risk doses calcu-
lated from the cutoff values, thereby aiding in the management
of MALA.

METHODS

We searched the JADER database, published on the
Pharmaceuticals and Medical Devices Agency (PMDA) web-
site. It consists of four tables: (1) DEMO (patient informa-
tion such as sex, age, and weight); (2) DRUG (drug infor-
mation such as generic name, starting date of administration,
dose, and “Drug Involvement” section, indicating the involve-
ment of each reported drug in AEs, categorized as “suspected
drug,” “concomitant drug,” or “interaction”); (3) REAC (AE
information such as AE category and dates of the occurrence
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of AEs); and (4) HIST (primary disease information). We inte-
grated these tables to create a relational database. Subsequent-
ly, we used the database to collect data reported from April
2004 to March 2023.'% In this analysis, data identified as “Sus-
pected Drug” were analyzed as drug involvement.

AEs in the JADER database were defined using codes based
on the terminology used in the Medical Dictionary for Regula-
tory Activities/Japanese version 21.0 (MedDRA/J, www.pmrj.
jp/jmo/php/indexj.php). For MALA, we used the preferred
term “lactic acidosis” (preferred term code 10023676).

The data processing steps from data collection to analysis
are summarized in Fig. 1. In JADER database, one fiscal year
is defined as the period from April to March of the following
year. Therefore, this survey defines the period from April to
March as one year. The drug names in JADER database are
largely entered in Japanese, but those entered in English as
metformin were also incorporated into the analysis. Four com-
bination products are commercially available: alogliptin/met-
formin, anagliptin/metformin, pioglitazone/metformin, and
vildagliptin/metformin. Alogliptin/metformin and pioglita-
zone/metformin were included in the analysis because it is a
single-dose formulation and the metformin dose can be calcu-
lated. However, the remaining two drugs were excluded from
the analysis because these are two dose formulations of met-
formin, owing to which the dosage cannot be determined. The
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Fig. 1. Flowchart for Analysis of Metformin-Related Lactic Acidosis (MALA) using JADER
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following AEs were excluded from the MALA dose-depend-
ent testing: those lacking a calculated dosage and those with
daily doses below 500 mg/day or above 2250 mg/day as per
the recommended dosage in the package insert.” Our exclu-
sion criteria align with those of previous studies, where dos-
es below 500 mg/day were excluded.'> For the analysis of the
revised attachment, data including at least a record of years
and months in the “Dose Start Date” field were considered.

Herein, we assessed the impact of regulatory actions by
examining the change in the ratio of the number of AE reports
included in this study to the total number of reports. The
Mann—Kendall and Pettitt's tests were used to evaluate trends
over time. Positive Kendall’s t values in the Mann—Kendall
test indicate an increasing trend, while negative values indi-
cate a decreasing trend. The Pettitt’s test identifies a changing
trend at an unknown time (#). The null hypothesis (H,) posit-
ed that there was no change in the distribution of the sequence
of random variables, and the alternative hypothesis (H,) pro-
posed that the distribution function | (x) of the random vari-
able from X, to X, was different from the distribution function
F, (x) of the random variable from X, to X}. Both tests were
performed using the “trend” package in R ver. 4.0.2, with the
significance level set at P < 0.05.

The reporting odds ratio (ROR) was used for signal detec-
tion. The ROR was calculated from a 2 x 2 contingency table
and was regarded as a signal when the lower limit of the 95%
confidence interval (CI) exceeded 1. Multiple logistic regres-
sion analysis was used to evaluate the effect of metformin dos-
age on the development of LA. The reporting year (Y), sex
(S), age-stratified groups (<10, 10-19, 20-29, 30-39, 40-49,
50-59, 60-69, 70-79, 80—89, and >90 years) (A), weight (W)
(<10, 10-19, 20-29, 30-39, 40-49, 50-59, 60—69, 70-79,
80-89, 90-99, 100-109, 110-119, 120-129, 130-139, 140—
149, 150-159, and >160 kg), and dose (D), were defined as
independent variables. Only reports with complete informa-
tion regarding the reporting year, sex, age, and weight were
extracted from the JADER database. Age is entered in JADER
database every 10 years and weight every 10 kg. For example,
ages 10-20 y are processed as 15 y and weights 10-20 kg as
15 kg. The following formula was used:

Log (odds) =B, + B,Y + B,S + ;A + B,W + B;D

The dependent variable was the binary response indicating
the absence or presence of MALA in each report. To compara-
tively evaluate the effect of these factors, we selected explan-
atory variables using a stepwise method. In the forward and
backward direction, stepwise constructs successive models
by adding terms based on a significance level of 0.05 and by
removing terms based on a significance level of 0.05.

The final multiple logistic regression model was as follows:

Log (odds) = B, + B,Y + B,S + B,W + B,D

and the adjusted unit ROR was calculated. Multicollineari-
ty diagnosis was performed using variance inflation factors
(VIF). VIF was calculated with EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan),'© which is a graphi-
cal user interface for R (The R Foundation for Statistical Com-
puting, Vienna, Austria). More precisely, it is a modified ver-
sion of R commander designed to add statistical functions
frequently used in biostatistics.
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In 2010, the package insert regarding the dosage of met-
formin was revised in Japan. Two regulatory action groups
regarding LA AE reports were defined: pre-(April 2004—-May
2010) and post-(June 2010-March 2023) revision groups. The
mean metformin dose for both groups was calculated. In addi-
tion, patients administered metformin were classified into two
groups—one with LA and the other without—and the mean
dose for each group was determined. The ¢-test was used to
compare the mean dose metformin. The receiver operating
characteristic (ROC) curve was used to select the optimal cut-
off value for determining the presence or absence of MALA.
It was used to estimate the metformin dose that influences the
onset of MALA. This curve plots the false-positive fraction
(1-specificity) on the horizontal axis and the true-positive frac-
tion (sensitivity) on the vertical axis. The cutoff point has the
highest sensitivity while maintaining high specificity. The cut-
off value maximizing the sum of the specificity was obtained
using the Youden Index.

Data analysis was performed using the JMP Pro version 16
software (SAS Institute, Inc., Cary, NC, USA).

RESULTS

The JADER database contains 845,956 reports submitted
between April 2004 and March 2023, from which we identi-
fied 1165 (0.14%) MALA events. The drug table was searched
for “metformin hydrochloride” in the generic name, yielding
14,637 reports. A trend change in the number of reports of LA
due to metformin use was observed in the year 2012 (k = 9),
with a P< 0.05 for Pettitt's test and tau = 0.88 for the Mann—
Kendall test with a P < 0.05 (Fig. 2).

Using a stepwise logistic regression model, we examined
and selected significant MALA-related variables among demo-
graphic factors (reporting year, sex (female), weight, and dos-
age), with adjusted unit reporting odds ratios of 1.0772 (95%
CI, 1.0421-1.1136), 0.7222 (95% CI, 0.5318-0.9809), 0.9843
(95% CI, 0.9756-0.9931), and 1.0009 (95% CI, 1.0006—
1.0012), respectively (supplementary Table S1). The VIF
in the final multiple logistic regression model for reporting
year, sex, weight, and dose were 1.0360, 1.1565, 1.1618, and
1.0558, respectively.

The mean doses in the pre- and the post-revision groups
were 644.3 £207.5 mg/day and 765.1 + 396.1 mg/day, respec-
tively. The mean dose in the post-revision group was signif-
icantly higher than that in the pre-revision group based on
t-test (P < 0.001). The mean dose for the MALA-onset group
(1029.7 + 525.9 mg/day) was significantly higher than that for
the non-onset group (787.7 + 397.8 mg/day) based on ¢-test
(P <0.001). According to the ROC curve for LA (area under
the ROC Curve (AUC)=0.64, sensitivity=0.5193, 1-specifici-
ty=0.2972), the cutoff value was 1000.0 mg/day (Fig. 3).

DISCUSSION

Although metformin-induced LA is rare, it is a highly lethal
disease.*9 Therefore, prevention and early treatment are criti-
cal. However, there is currently insufficient information avail-
able on the prevention of MALA, leading to considerations
such as avoiding the use of metformin itself.!» Herein, we
aimed to understand the relationship between MALA and dos-
age using the JADER database. Interestingly, our results sug-
gested that the increase in metformin dosage following the
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Fig. 2. Number of Reports and Reporting Ratio of Metformin-Associated
Lactic Acidosis (MALA) in the JADER Database

revision of the package insert had an effect on the increased
LA in Japan. In addition, the cutoff values calculated from the
ROC curves suggested that the risk of LA increased at doses
greater than or equal to 1000.0 mg/day. However, as the AUC
of the ROC curve was 0.64, which is not a value generally
considered a good discrimination, we believe that the reliabili-
ty of the cutoff value in this study should be verified in a more
in-depth epidemiological study.

It is known that there is a transient increase in the number
of spontaneous reports of targeted adverse reactions follow-
ing implementation of regulatory safety measures.'” Notably,
the Mann—Kendall and Pettitt’s tests showed a characteris-
tic upward trend in MALA reporting in 2012, possibly due to
the package insert revision. Furthermore, in 2012, the Japan
Diabetes Society published the first edition of its “Recom-
mendations for the Proper Use of Biguanide Drugs.”'® The
increase noted in MALA reporting since 2016 could be attrib-
uted to the FDA's announcement that metformin can be safe-
ly used in patients with mild and moderate renal dysfunction.
Coincidentally, this announcement came at a similar time that
the Japan Diabetes Society's publication of the second revision
of “Recommendations for the Proper Use of Metformin” was
published.'s1? As for the increase noted after 2019, this might
be attributed to the Japanese regulatory agency's announce-
ment in 2019 that metformin can be safely used in some
patients with mild-to-moderate renal dysfunction.?” These
increases could also be related to the increased number of met-
formin prescriptions.2)

Clinically, a comparison of pre- and post-regulatory doses
revealed significant differences, suggesting that the revision of
the package insert had an effect. However, the mean dosage
remained at 765.1 mg/day even after regulatory action. This
is consistent with the results of a previous Japanese study that
reported that the daily dosage remained below 1000 mg/day
even after package insert revision.'®

The association between high doses of metformin and the
development of MALA remains controversial. Several stud-
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Fig. 3. Receiver Operating Characteristic Curve for Metformin-Associated
Lactic Acidosis Related to Daily Dose of Metformin

ies have reported that the incidence of MALA does not dif-
fer from that of LA in patients with diabetes treated with oth-
er drugs.!’»>2% Nagai et al. observed no significant difference
in the incidence of MALA between metformin >1000 mg/day
and <1000 mg/day using the Japanese Diagnosis Procedure
Combination (DPC) database.!» Korean cross-sectional study
found no significant association between metformin dosage
and hyperlactatemia.?® Yokoyama et al. reported significant-
ly elevated lactate levels (15.2 mg/dL) in high-dose patients
compared to that in low-dose patients in a Japanese cohort, but
no development of LA.29 In contrast, a higher risk of LA was
observed in patients with renal impairment with higher dai-
ly doses based on a population-based cohort study.2® These
divergent findings indicate that this issue remains unresolved
in clinical practice.

In our study, we speculated that LA might have occurred
within the dosage and administration ranges specified in the
Japanese package inserts. Evaluation of the cutoff values cal-
culated using Youden's index suggested that the risk of MALA
increased when the daily dose of metformin exceeded 1000
mg/day in this study. However, the daily maintenance dose
listed in the current package insert is 7501500 mg/day ? and
the cutoff value falls within this range, suggesting that there is
a risk of MALA even at the current maintenance dose.

The JADER database is a passive reporting system sus-
ceptible to confounding variables and biases, such as under-
reporting, over-reporting, lack of data on the denominator
(number of patients in the population exposed to metformin),
and confounders due to comorbidities. Spontaneous adverse
event reporting databases such as JADER are considered suit-
able for investigating the number of adverse event reports and
detecting signals, but not for investigating risk factors and
incidence. Accurate assessment of risk factors requires iden-
tification of the population, for which it is desirable to use
national or registry databases. On the other hand, it may be
useful to investigate actual clinical AEs of rare adverse events
such as MALA. Therefore, we used JADER in this study.
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Reports of dose deviations from 500 to 2250 mg/day, calculat-
ed from the number of divided doses, were excluded from the
analysis because the DOSE column of the DRUG table was
considered to contain a mixture of daily and single doses. This
is a limitation of JADER database. During the period under
review, not only was the package insert revised regarding dos-
age and administration, but the FDA also revised the pack-
age insert, significantly changing the requirements for use in
patients with renal dysfunction, among other things. Based on
this, it has been suggested that the drug is particularly suscep-
tible to reporting bias.2” LA is affected by patients' liver and
kidney functions; however, JADER database lacks detailed
information on patient background. Therefore, interpreting the
results of the JADER database requires great caution. In the
future, it would be desirable to accurately calculate the cutoff
value of metformin that affect the development of LA through
studies using national databases, registry databases, or well-
controlled epidemiologic studies. However, considering that
MALA is a rare AE, we believe that our results are meaning-
ful for clinicians.
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