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Abstract: Patient data from the National Database of Health Insurance Claims and Specific Health
Checkups of Japan (NDB) are used to assess the effect of biguanide administration on rates of lactic
acidosis (LA) in hospitalized diabetes mellitus (DM) patients. In this retrospective cohort study (from
April 2013 to March 2016), we compare DM inpatients prescribed biguanides to DM inpatients who
were not prescribed biguanides to quantify the association between biguanides and incidence of LA.
In total, 8,111,848 DM patient records are retrieved from the NDB. Of the 528,768 inpatients prescribed
biguanides, 782 develop LA. Of the 1,967,982 inpatients not prescribed biguanides, 1310 develop
LA. The rate ratio of inpatients who develop LA and are administered biguanides to those who
developed LA without receiving biguanides is 1.44 (95% CI, 1.32–1.58). Incidence rates and rate ratios
for both sexes are elevated in the group prescribed biguanides for patients aged 70 years and older,
markedly in those 80 years and older: 40.12 and 6.31 (95% CI, 4.75–8.39), respectively, for men and
34.96 and 5.40 (95% CI, 3.91–7.46), respectively, for women. Biguanides should be used conservatively
in patients older than 70 years, particularly for those with comorbidities, and with caution in patients
80 years and older.

Keywords: lactic acidosis; biguanides; diabetes mellitus; population-based database; retrospective
cohort study

1. Introduction

In their 2015 joint position statement, the American Diabetes Association (ADA)
and the European Association for the Study of Diabetes (EASD) recommended initiating
administration of the biguanide metformin at or soon after diagnosis of type 2 diabetes
mellitus (DM) [1]. In recent years, other drugs such as SGLT2 inhibitors and GLP-1 receptor
agonists have attracted attention because of their benefits for preventing cardiovascular
events [2,3]. However, metformin is inexpensive, has a low risk of hypoglycemia, and
can suppress cardiovascular events regardless of blood glucose levels [4]. In the 2017
Mastermind Cohort Study in the United Kingdom, metformin was used as the first-line
drug in 59.8% of cases [5]. In the United States, first-line use of metformin increased from
60% in 2005 to 77% in 2016 [6]. In Taiwan, biguanides are the most commonly prescribed
oral hypoglycemic agent, and there was an increase in their use from 64.3% in 2005 to
74.4% in 2012 [7]. However, according to previous research based on the National Database
of Health Insurance Claims and Specific Health Checkups of Japan (NDB), the use of
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biguanides including metformin in Japan was remarkably low in comparison with other
nations, accounting for just 28.9% of all diabetic drugs [8].

Therapeutic dosing of metformin is associated with metformin-associated lactic aci-
dosis (LA), a serious complication of metformin treatment with mortality rates of 30 to
50 percent [9]. In the late 1970s, global reports of fatalities associated with LA caused by
biguanides resulted in prescribers limiting the metformin dose to 750 mg/day in Japan,
where prescription of biguanides had been strictly controlled by specialists [10]. Perhaps
due to prescriber hesitancy, the prescription volume of biguanides in Japan is remarkably
low compared to other nations [5–8], although a prescription amount of 2250 mg/day is
allowed at present.

Numerous studies have explored whether the relationship between biguanides and
LA is causal, associated, or coincidental. The incidence rate of metformin-associated LA
reportedly ranges from 0 to 138 cases per 100,000 person-years [11–17]. A study indicated
that the incidence rate of LA was higher in a diabetic group than in a non-diabetic group,
but the rate was not significantly higher in patients taking metformin [18], suggesting that
the risk is increased by the presence of diabetes. As the relationship between the degree
of metformin accumulation and the severity of a secondary hypoxic condition, which
relates to LA risk, is clinically complex [15], liver and kidney functions related to metformin
metabolism and cardiovascular problems, such as a heart failure caused by secondary
hypoxia, can be potential confounders associated with the risk of developing LA. However,
the results of pharmacophysiological and pharmacopathological analyses of metformin
have suggested that LA is rarely induced if the liver and kidneys are able to metabolize
lactate [11].

Recently, clinical attention seemed to be paid to the protective effects of metformin.
As for a renal-protective effect, a recent nationwide cohort study in Korea found that
metformin use was associated with lowering risk of all-cause mortality and end-stage renal
disease during follow-up in patients with diabetes and chronic kidney disease than in
non-users [19]. Under appropriate use of metformin doses, even patients with chronic liver
disease show low concentrations of plasma lactate and metformin. When the concentrations
are within the safety thresholds of these substances, some studies report that patients with
diabetes, chronic liver disease, or renal dysfunction should not be kept away from using
metformin [20,21].

On the other hand, the recent study in patients with advanced chronic kidney disease
reported that treatment with metformin was not only associated with an increased risk of
cardiac and cerebrovascular events in patients with diabetes and chronic kidney disease
but also may significantly increase the risk of LA, as defined by laboratory data, as the
eGFR declined [19,22]. At this point, metformin is contraindicated because of an increased
risk of LA in elderly patients, patients with hepatic or renal insufficiency, and patients with
circulatory problems such as congestive heart failure [9].

The Japan Diabetes Society (JDS) recommended in 2012 that physicians use their
clinical judgment with abundant caution when prescribing biguanides for DM patients
75 years or older [23]. This recommendation followed verification by the JDS committee
of the association of biguanides with 10 serious cases of LA including fatalities, almost
all among patients 75 years and older, that were reported by pharmaceutical companies
in December 2011 [24]. However, Yokoyama et al., Gregorio et al., and Lin et al. have
reported no significant age-related differences in plasma lactate levels of patients prescribed
metformin [16,25,26]. Few large-scale clinical studies have targeted elderly diabetics in
Japan, and it is not clear whether age is a risk factor for LA [12,16].

Recently, the National Database of Health Insurance Claims and Specific Health Check-
ups of Japan (NDB), maintained by the Ministry of Health, Labour, and Welfare, has become
available to researchers, allowing total-population retrospective analyses that virtually
eliminate selection bias. Containing medical records on more than 100 million individu-
als, the NDB contains datasets of medical care received by inpatients and outpatients in
hospitals and private practices in Japan under universal health insurance coverage [27–29].
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In Japan, one patient can have multiple insurance claim numbers because even though
the Japanese insurance system is unified, single identification numbers (e.g., Social Security
numbers in the United States) are not effectively utilized. An insurance identification
number can change because of changes in employment or name. For example, records
under a maiden and a married name could count as two persons. To address this issue
and enable the tracking of individuals, an anonymous personal identification (ID) variable
named identification 0 (ID 0) was developed by Nara Medical University to link individual
patient claims under varied insurance ID numbers to ID0 [27–29].

The purpose of this study was to assess the association between administration of
biguanides and risk of developing LA among hospitalized DM patients in Japan using a
retrospective cohort extracted from the NDB. Using total-population data allows identi-
fication and international comparison of cases of LA, including elderly patients, who are
rarely included in research studies in Japan. This large dataset permits identification and
inclusion of a greater number of elderly patients than typical study populations.

2. Materials and Methods
2.1. Dataset

The National Database of Health Insurance Claims and Specific Health Checkups of
Japan (NDB) is a comprehensive administrative database containing health insurance claim
information. The NDB data provide information on personal identifiers, date, age group,
sex, description of the procedures performed, World Health Organization International
Classification of Diseases (ICD-10) diagnosis codes, medical care received medical exam-
inations conducted without the results, prescribed drugs, etc. The structure of the NDB
originally complicates long-term cohorts for two main reasons. First, the NDB data are
stored on a per-claim basis not per-episode or event basis. Second, the NDB is a billing-
focused record structure, which is not built for analysis. Then, a team of NaraMedilcal
University modified the data structure to allow for long-term cohorts using ID0, a process
that did not increase the data volume and actually shortened the runtime per data year. The
NDB uses two primary keys (ID1 and ID2) derived from hash values that mask personally
identifiable information. ID0 is our key developed from ID1 and ID2, which improves
patient-matching efficiency with excellent long-term tracing performance. Our study used
claim data with long dates between April 2013 and March 2016 to trace hospitalizations
of one month or longer, including outpatient care, in three steps. In step one, claims were
transferred to a CD-record format. As some diagnosis procedure combination (DPC) claim
records contain a mixture of overlapping comprehensive and piece-rate data, we sorted
and reorganized them. In step two, pharmacy and medical outpatient claims were inte-
grated using the ID0 key, the medical institution code for issuing a prescription, and the
prescription issue date. In step three, the transferred data were combined and converted
from consecutive hospitalization days into sequences based on ID0, the medical institution
code, and hospital ward classification. Consequently, the size of the originally extracted
comma-separated variable dataset for three years (approximately 10.5 TB) was reduced to
an approximately 6TB main database file that was usable for processing. Our technique
makes it easier to perform follow-up and longitudinal cohort surveys while accurately
tracing patient data in a large-scale medical claims database [30].

2.2. Study Design

This retrospective cohort study analyzed insurance claims data from the NDB over the
three-year period from April 2013 to March 2016. A total of 109,780,160 insurance claims
were identified in the NDB during the study period, excluding patients who received
publicly funded health care from Public Assistance and foreigners who had stayed in Japan
for less than three months [29].
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2.3. Study Population

Records of DM patients were retrieved from the NDB using the ID0 variable [27–29].
DM patients were defined as patients with at least one diagnostic code indicating a DM
diagnosis and who had been prescribed at least one diabetic drug, including sulfonylureas,
dipeptidyl peptidase-4 inhibitors, and various types of insulin [27–29]. The list of pharma-
ceutical codes is shown in Table S1, along with diagnostic code S2 [27–29]. The patients
were included in the study upon admission to the hospital rather than at discharge. The
study population was then limited to DM inpatients to select patients with high adherence
to medication regimens under medical supervision.

2.4. Exposure: Biguanide Prescriptions

Exposure was defined as having a biguanide prescription in the patient record re-
trieved from the NDB. DM patients who were hospitalized for any reason and prescribed
biguanides at least once during the study period were defined as the exposed group. These
patients were compared with an unexposed group of DM patients who were hospitalized
for any reason but not prescribed biguanides during the study period. Drug information for
biguanides included total volume of prescription, brand name, active ingredient, dosage,
and number of days prescribed. Pharmaceutical codes for biguanides are listed in Table S1;
although the vast majority of prescriptions in Japan are for metformin, we included a
comprehensive list of biguanides to capture as large a sample as possible.

2.5. Outcome: LA Incidence in Hospitalized DM Patients Retrieved from the NDB

The primary outcome was incidence of LA among hospitalized DM patients. Two
groups of participant records were identified: disease cases among the exposed group (LA
cases among hospitalized DM patients prescribed biguanides) and disease cases among
the unexposed group (LA cases among hospitalized patients not prescribed biguanides).
If a patient’s record in the NDB included LA during the study period, that patient was
considered to have developed LA in this study and counted as one case of LA; tracking
of the patient record ended at the point of diagnosis. Patient records where a biguanide
prescription was prescribed after the onset of LA were not included in the study.

ICD-10 code E87.2 was used to identify DM inpatients with LA diagnoses in the NDB.
Of cases with this code, the Japanese diagnosis code for LA (#20072477) was retrieved and
defined as LA (Figure 1).

Since the NDB does not include laboratory test data, LA patients were identified and
retrieved using this diagnostic code rather than clinical criteria.

2.6. Statistical Analysis

The person-time method was used to calculate the incidence rate of developing LA
during hospitalization because it can account for the effect of death or loss to follow-up in
the patient record [31]. Person-days is the sum of the number of person-days at risk for
each patient. In this case, at risk is the sum of the number of days during the observation
period that the patient was insured and did not have lactic acidosis.

The calculation of the incidence rate involved in the hospitalized, exposed group was
(the number of LA of exposed group/the number of person-day) × 365 days × 100,000
DM patients.

The number of LA (a)
The number of person − day

× 365 days × 100, 000 DM patients

The calculation of the incidence rate involved in the hospitalized, unexposed group
was (the number of unexposed group /the number of person-day) × 365 days × 100,000
DM patients.

The number of LA (c)
The number of person − day

× 365 days × 100, 000 DM patients
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The rate ratio of developing LA was computed by dividing the incidence rate of LA
among the exposed group divided by the incidence rate of LA among the unexposed group;
95 percent confidence intervals (CI) were also computed. Stratified analyses by age and
sex were also calculated to determine if rate ratios varied by these potential confounding
variables. Categorical variables of five-year increments for age were created for patients
aged 65 to 94 years. Whenever the number in any subgroup was fewer than 10, data
were masked so that no individuals could be identified. Patients under 65 years from the
unexposed group were used as a reference group. A Microsoft SQL Server 2016 was used
for data analysis.
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3. Results

The retrieved data comprised the largest number of LA patients in Japan to date, and
more than half were aged 65 or older. During the three-year study period, 8,111,848 patients
in the NDB were identified as having DM and having been prescribed diabetic medications.
Of these, 2,344,096 had been prescribed biguanides, and 5,767,752 had not been prescribed
biguanides. A total of 2,496,750 DM patients had been hospitalized for any reason. Of those
prescribed biguanides (exposed), 782 had an LA diagnosis. Of those who did not receive
biguanides (unexposed), 1310 had an LA diagnosis (Table 1 and Figure 1).
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Table 1. Exposure to biguanides and LA outcomes among hospitalized DM patients.

Hospitalized DM Patients Lactic Acidosis Diagnosis
(Disease)

No Lactic Acidosis Diagnosis
(No Disease) Total

Biguanide prescription
(Exposed)

782
(a)

527,986
(b)

528,768
(a + b)

No biguanide prescription
(Unexposed)

1310
(c)

1,966,672
(d)

1,967,982
(c + d)

Total 2092
(a + c)

2,494,658
(b + d)

2,496,750
(a + b + c + d)

The incidence rate of developing LA was 13.41 versus 9.34 per 100,000 person-years
in the exposed and unexposed groups, respectively, a rate ratio of 1.44 (95% CI, 1.32–1.58)
(Table 2).

Table 2. Patient Group Classification, Incidence Rates, and Rate Ratio.

DM Patients Number of Person-Days at
Risk of LA Patients Incidence Rate of LA † Rate Ratio of Developing LA ‡

(95% CI)

Biguanide prescription
(Exposed) 2,128,760,399 person-days

Diagnosed with LA (a)
(N = 782) 13.41

/100,000 person-years
1.44

(1.32–1.58)

Not diagnosed with LA (b)
(N = 527,986)

No biguanide
prescription
(Unexposed)

5,118,605,720 person-days

Diagnosed with LA (c)
(N = 1310) 9.34

/100,000 person-yearsNot diagnosed with LA (d)
(N = 1,966,672)

† Incidence rate of LA: (number of LA/number of person-days at risk of LA) × 365 days × 100,000 DM patients.
‡ Rate ratio: incidence rate of LA in Exposed Group/incidence rate of LA in Unexposed Group.

When stratified by age and sex, differences emerged. LA incidence rates per
100,000 person-years were 7.61 and 6.36 for male patients under 65 years old in exposed
and unexposed groups, respectively, though this difference was not statistically significant
(rate ratio: 1.20 (95% CI, 0.96–1.50)). For female patients under age 65, the LA incidence
rate per 100,000 person-years was 9.47 and 6.48 in the exposed and unexposed groups, re-
spectively (rate ratio: 1.46 (95% CI, 1.09–1.96)). For both sexes, incidence rate and rate ratios
of developing LA increased with age starting at age 70. Comparing patients 80–84 years to
those in their 60s (the reference group), the rate ratio for men was 6.31 (95% CI, 4.75–8.39)
and 5.40 for women (95% CI, 3.91–7.46). Comparing patients 85–89 years to those in the
reference group, the rate ratio was 4.97 for men (95% CI, 2.98–8.29) and 6.68 for women
(95% CI, 4.50–9.91). Among patients 80 years and older, both rate ratio and incidence rate
were more than double that of DM patients in their 70s (Table 3 and Figure 2).

For men aged 80 and older, the incidence rate of the exposed group was on average
1.5–2.5 times higher than the unexposed group, and for women 80 years and older, the
incidence rate among the exposed was 2.5–3.0 times higher than the unexposed group
(Table 3 and Figure 2).
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Table 3. Incidence Rate of Lactic Acidosis by Age among Hospitalized DM Patients in Japan.

Biguanide-LA-Hospitalized Group Non-Biguanide-LA-Hospitalized Group
(Exposed Group) (Unexposed Group)

Age
(years)

Incidence Rate
/100,000 Person-Years

Rate Ratio
(95% CI) Number Incidence Rate

/100,000 Person-Years
Rate Ratio
(95% CI) Number

Males

<65 7.61 1.20 (0.96–1.50) 140 6.36 Reference 182
65–69 12.47 1.96 (1.50–2.56) 78 6.55 1.03 (0.80–1.32) 91
70–74 14.79 2.32 (1.76–3.06) 70 7.66 1.20 (0.94–1.53) 103
75–79 17.66 2.78 (2.06–3.74) 57 11.39 1.79 (1.43–2.23) 137
80–84 40.12 6.31 (4.75–8.39) 64 16.08 2.53 (2.03–3.16) 137
85–89 31.62 4.97 (2.98–8.29) 16 20.04 3.15 (2.41–4.11) 77
90–94 † † ‡ 25.41 3.99 (2.59–6.16) 23
≥95 † † ‡ † † ‡

Females

<65 9.47 1.46 (1.09–1.96) 89 6.48 Reference 90
65–69 8.64 1.33 (0.91–1.94) 38 6.93 1.07 (0.77–1.49) 58
70–74 15.26 2.36 (1.70–3.27) 60 6.73 1.04 (0.75–1.43) 64
75–79 16.54 2.55 (1.80–3.61) 49 8.87 1.37 (1.02–1.84) 87
80–84 34.96 5.40 (3.91–7.46) 62 11.02 1.70 (1.28–2.27) 96
85–89 43.29 6.68 (4.50–9.91) 34 17.29 2.67 (2.01–3.55) 98
90–94 58.9 9.09 (5.08–16.26) 13 21.99 3.39 (2.40–4.78) 51
≥95 † † ‡ † † ‡

† Incidence rate and 95% CI not calculated due to masking data. ‡ Denotes masking where there were fewer than
10 patients. Bold: p < 0.01.
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4. Discussion

Although LA is a rare outcome, we identified and analyzed a total of 2092 cases of
LA in this study from patient records in the NDB. Using the NDB reduced selection bias
and allowed generation of the first total-population dataset in Japan to assess the risk of
developing LA associated with biguanide use. As well as minimizing bias compared to
other study designs, use of the total-population dataset identified a large number of LA
patients. A substantial proportion of elderly patients who are typically underrepresented
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in studies evaluating biguanide use are included. In this study, the large number of LA
patients allowed stratified analysis by age. This study relied on clinical codes, not clinical
diagnostic criteria, yet found a rate ratio (1.44) within the range of those found by other
studies (0.69 to 13.53), suggesting this alternative methodological approach still yielded
plausible findings [32,33].

The LA incidence rate for inpatients exposed to biguanides was markedly higher than
for the unexposed, consistent with the results of previous studies [15–17,34]. The genetics of
diabetes audit and research (GoDartS), which used lactate and bicarbonate measurements
rather than relying on the ICD code, showed that the use of metformin could increase
plasma lactate concentrations and more than doubled the risk of LA with a biochemical
diagnosis [17]. Although the results of our study showed that the development rate of LA
was not as high as the GoDartS study [17], biguanides have been suggested to be associated
with the development of LA.

Among hospitalized DM patients prescribed biguanides, the risk of developing LA
was lower for younger patients than for patients aged 70 years and older. Reported LA
incidence rates for patients prescribed metformin range from 3 to 10 per 100,000 person-
years in countries including the USA, Canada, and a number of European nations [9,11]. In
our study, the incidence rate for patients younger than 65 years fell into this range. However,
incidence rates for older patients were over 10 per 100,000 person-years, and the higher rate
of LA among this subgroup skewed the overall incidence rate higher (Table 3). Incidence
rate and rate ratio of LA both increased significantly with patient age, suggesting that age is
a risk factor for LA and could be used in DM patients to predict the risk of developing LA.
This finding supports the JDS recommendation to use caution in prescribing biguanides for
patients aged 75 years and older.

Metformin-associated LA usually requires both high plasma levels of metformin (often
resulting from renal impairment) and a secondary condition that impairs lactate production
or clearance, such as sepsis or cirrhosis [9]. Thus far, other studies have differed in their find-
ings on the associations of LA incidence rate with any of these factors [22,25,30,32,35–39].

The REMIND-TMU study investigated the relationship between metformin use and
lactic acidosis in advanced chronic kidney disease, type 2 diabetic adults with eGFR
<30 mL/min/1.73 m2. Even after adjustment for confounders by age, sex, and comorbidities,
metformin significantly increased the risk of lactic acidosis (p = 0.0204). It was concluded
that this was due to a decrease in eGFR in advanced chronic kidney disease with an average
follow-up of more than 600 days, but the tendency of increased risk is also consistent with
the results of our study [22].

In a study by Lazarus B et al., occurrence of LA hospitalization in DM patients with
reduced kidney function (estimated glomerular filtration rate (eGFR) <45–59 mL/min/
1.73 m2 and eGFR 30–44 mL/min/1.73 m2) were not statistically different between patients
treated with metformin and those treated with alternative diabetes management [32]. The
median age of patients was 60.4 years in the study.

In a retrospective analysis of a large number of DM patients who developed metformin-
associated LA in a study in Italy over a six-year period [34], the LA incidence was
12.04/100,000 in metformin-treated diabetics. The mean age in the study was 71.6 years.
The findings of Lazarus B et al. and Mariano et al. indicate that patients in their 60s are
less likely to experience LA with metformin use but that caution should be exercised when
prescribing metformin to patients in their 70s [34]. From this, it is recommended that the
patient’s age is taken into account whenever biguanide use is considered.

Of course, as was the case with the aforementioned study subjects of Lazarus B et al.,
renal function tends to decrease with age, and the risk of comorbid conditions increases,
explaining the elevated risk of LA among elderly patients administered biguanides. Even
though it is recommended that metformin be used in elderly patients with regular assess-
ment of renal function using eGFR, eGFR calculated from serum creatinine may overesti-
mate renal function in late elderly patients because of loss of muscle mass [40]. In patients
80 years and older, caution should be exercised in prescribing biguanides, taking drugs
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that reduce renal blood flow, particularly those with comorbid conditions that raise the risk
of LA development.

Although this study used an NDB-derived dataset, which included almost all insured
DM patients in Japan, patients whose DM was treated through non-pharmacological
modalities such as diet and exercise, as well as welfare beneficiaries without insurance,
were not included in the dataset because they were impossible to identify and include.
The wealth of information in such a large, comprehensive dataset likely outweighed
this drawback.

In addition, the actual diagnosis of LA is difficult without information that met-
formin was used. As reported by van Berlo-van de Laar IRF et al., the sensitivity of
identifying metformin-associated LA in patients with sepsis-induced lactic acidosis sus-
pected is 85% when even using the recommended parameters (lactate ≥ 8.4 mmol/L,
creatinine ≥ 256 µmol/L), and a specificity is 95% [41]. Under this circumstance, under-
reporting cases should be considered. Because the LA diagnoses we used were based on
clinical codes, not clinical diagnostic criteria applied to laboratory results, some bias may
exist in the dataset, either toward underreporting if LA was present but not diagnosed
or toward overreporting if suspected LA was tentatively diagnosed. Use of hospital data
from a large comprehensive medical database and careful use of clinical disease codes to
identify cases likely minimized this risk of bias, evidenced by incidence of LA comparable
to reports from other countries. Limiting to research on inpatients as subjects in this study
should reduce the number of suspected disease patients.

Last, we did not examine the effects of differing dosages, types of biguanides pre-
scribed, drug-to-drug interactions, and severity of comorbidities on the incidence of LA,
all potential effect modifiers that should be investigated further. According to Yokoyama
et al., high doses of metformin are considered to be an independent risk factor for increased
lactate levels in DM patients [16]. Xu Cheng et al. have also reported that the association be-
tween metformin use and acidosis is significantly correlated with the severity of COVID-19,
in addition to the amount of metformin used [37]. The possibility of overestimating inci-
dence ratios cannot be discounted, but cases of LA from other causes are equally included
in both the biguanide prescription (exposed) and no biguanide prescription (unexposed)
groups. Therefore, the rate ratio was used as the relative risk of administering biguanides in
this study. A number of cases of LA caused by factors other than metformin were possibly
included in this study. Taking this into consideration, the authors attempted to visualize
the relative risk of biguanides by showing rate ratios, and the LA risk caused by biguanides
was estimated. The influence of factors other than metformin should still be considered,
however. Nevertheless, our results show the incidence rate of LA based on real-world data
in the biguanide and non-biguanide prescription groups, and the findings in this study
should provide insights and be useful in clinical practice from the viewpoint of descriptive
epidemiology.

Furthermore, as potential confounding factors on the relationship between age and risk
of developing LA after biguanide use, obesity, heart, and renal and/or liver function should
be considered, though data on these factors were not available in this
study [16,22,25,26,32,33,36–39,42]. NDB data available to researchers included neither
anthropometric information (e.g., height and weight) nor patient laboratory test results,
so we were unable to ascertain whether any of these factors affected the association be-
tween biguanide prescription and LA incidence rate. If researchers are eventually allowed
access to laboratory results and anthropometric information in the NDB (currently not
permitted), a future study could clarify the contribution of these other clinical factors to
LA development.

5. Conclusions

This is the first retrospective cohort study to use the total-population database (NDB)
of health insurance claims in Japan to examine the association of biguanide use with
risk of LA in hospitalized Japanese DM patients. Both the incidence rate and rate ratio
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of developing LA were markedly higher among hospitalized DM patients who were
prescribed biguanides than those who were not, regardless of sex. Older age groups were
at significantly elevated risk of developing LA, suggesting that age should be considered a
risk factor for developing LA in DM patients. It suggests that biguanides should only be
prescribed after carefully weighing age-specific risks against potential benefits given an
individual’s medical history and comorbidities, such as conservative use in patients over
70 years of age, especially those with comorbidities, and cautious use in patients over 80.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/ijerph20075300/s1: Table S1: Pharmaceutical Codes of antidiabetic
medications; Table S2: The diagnosis codes of diabetes.

Author Contributions: T.M. (Takako Mohri), S.O. (Sawako Okamoto), Y.N., T.N. and T.I. conceived
the study design and visualization and drafted the manuscript. Y.N. performed the statistical analyses
and interpretation of data. T.I. supervised the statistical analyses. S.O. (Sadanori Okada), Y.A. and
H.I. contributed clinical insights and reviewed the manuscript. T.H., S.K., T.M. (Tomoya Myojin),
T.N. and T.I. converted raw NDB data into an analyzable data format, and T.H., S.K. and T.M.
(Tomoya Myojin) retrieved the required data from the NDB. S.K., T.M. (Tomoya Myojin), T.N. and
T.I. provided expert advice and validation as NDB experts. T.N. also managed NDB data, as well as
administrative processes required by the Japanese government. T.N. and T.I. contributed to the project
administration, funding acquisition, interpretation of data, and critical review of this manuscript and
equally contributed as last authors. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by a grant from the Japan Agency for Medical Research and
Development (AMED) (Grant Number: JP16K1310001h0001), Health Science and Labor Research
Grants (HSLRG) (Grant Number: H30-Iryou-Ippan-013) of the Ministry of Health, Labour and
Welfare, and the Japan Society for the Promotion of Science (JSPS) Grants-in-Aid for Scientific
Research (KAKENHI): Grant Numbers JP18H04126, JP20H00623, and JP18K17390.

Institutional Review Board Statement: The study was approved by the Nara Medical University
Ethics Committee. (Approved on 8 October 2015; approval number 1123).

Informed Consent Statement: Patient consent was waived because it would be impossible to involve
patients or the public in the design, conduct, and reporting of our research.

Data Availability Statement: Data analyzed in this study cannot be shared because NDB data may
only be accessed by authorized individuals.

Acknowledgments: The authors thank Andrew Davies and Rachel A. Haws for English editing and
Naomi Shima for preparation of this manuscript and her critical reading.

Conflicts of Interest: Y. N. received consultancy fees from Novo Nordisk; Ta. M. received speaker
fees from MSD and Eli Lilly; Sd. O. received speaker fees from Mitsubishi Tanabe, Sumitomo
Dainippon, Eli Lilly, Ono, AstraZeneca, Takeda, and Novartis; Y.A. receives grants, speaker fees, and
consultancy fees from Sumitomo Dainippon Pharma; Ono, AstraZeneca, Japanese Red Cross Society,
Nara Red Cross Blood Center, and Kissei Parma, Boehringer Ingelheim; H. I. receives speaker fees and
consultancy fees from Takeda, Eli Lilly Japan, Sanofi, Merck & Co., Mitsubishi Tanabe, Ono, Novo
Nordisk, and Sumitomo Dainippon. Authors other than those mentioned above have no conflicts of
interest to report.

References
1. Inzucchi, S.E.; Bergenstal, R.M.; Buse, J.B.; Diamant, M.; Ferrannini, E.; Nauck, M.; Peters, A.L.; Tsapas, A.; Wender, R.; Matthews,

D.R. Management of hyperglycemia in type 2 diabetes, 2015: A patient-centered approach: Update to a position statement of
the American Diabetes Association and the European Association for the Study of Diabetes. Diabetes Care 2015, 38, 140–149.
[CrossRef]

2. Zinman, B.; Wanner, C.; Lachin, J.M.; Fitchett, D.; Bluhmki, E.; Hantel, S.; Mattheus, M.; Devins, T.; Johansen, O.E.; Woerle, H.J.;
et al. EMPA-REG OUTCOME Investigators. Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N. Engl.
J. Med. 2015, 373, 2117–2128. [CrossRef]

https://www.mdpi.com/article/10.3390/ijerph20075300/s1
https://www.mdpi.com/article/10.3390/ijerph20075300/s1
http://doi.org/10.2337/dc14-2441
http://doi.org/10.1056/NEJMoa1504720


Int. J. Environ. Res. Public Health 2023, 20, 5300 11 of 12

3. Marso, S.P.; Daniels, G.H.; Brown-Frandsen, K.; Kristensen, P.; Mann, J.F.; Nauck, M.A.; Nissen, S.E.; Pocock, S.; Poulter, N.R.;
Ravn, L.S.; et al. LEADER Steering Committee; LEADER Trial Investigators. Liraglutide and Cardiovascular Outcomes in Type 2
Diabetes. N. Engl. J. Med. 2016, 375, 311–322. [CrossRef] [PubMed]

4. Nesti, L.; Natali, A. Metformin effects on the heart and the cardiovascular system: A review of experimental and clinical data.
Nutr. Metab. Cardiovasc. Dis. 2017, 27, 657–669. [CrossRef] [PubMed]

5. Eibich, P.; Green, A.; Hattersley, A.T.; Jennison, C.; Lonergan, M.; Pearson, E.R.; Gray, A.M. Costs and Treatment Pathways for
Type 2 Diabetes in the UK: A Mastermind Cohort Study. Diabetes Ther. 2017, 8, 1031–1045. [CrossRef] [PubMed]

6. Montvida, O.; Shaw, J.; Atherton, J.J.; Stringer, F.; Paul, S.K. Long-term Trends in Antidiabetes Drug Usage in the U.S.: Real-world
Evidence in Patients Newly Diagnosed with Type 2 Diabetes. Diabetes Care 2018, 41, 69–78. [CrossRef]

7. Chu, W.M.; Ho, H.E.; Huang, K.H.; Tsan, Y.T.; Liou, Y.S.; Wang, Y.H.; Lee, M.C.; Li, Y.C. The prescribing trend of oral antidiabetic
agents for type 2 diabetes in Taiwan: An 8-year population-based study. Medicine 2017, 96, e8257. [CrossRef]

8. Nishioka, Y.; Noda, T.; Kubo, S.; Myojin, T.; Imamura, T. Table 5.5-3. Utilization of the Receipt Information/Specific Medical
Examination Information Database (NDB): Overview of Diabetes Prescriptions in Japan. Available online: http://www.nstac.go.
jp/services/pdf/171117_5-3.pdf (accessed on 2 May 2021). (In Japanese)

9. DeFronzo, R.; Fleming, G.A.; Chen, K.; Bicsak, T.A. Metformin-associated lactic acidosis: Current perspectives on causes and risk.
Metabolism 2016, 65, 1432–1433. [CrossRef]

10. Nagai, Y. Beneficial Effects of Biguanides on Cardiovascular Events. Prog. Med. 2021, 41, 795–798. (In Japanese)
11. Lalau, J.D.; Kajbaf, F.; Protti, A.; Christensen, M.M.; De Broe, M.E.; Wiernsperger, N. Metformin-associated lactic acidosis (MALA):

Moving towards a new paradigm. Diabetes Obes. Metab. 2017, 11, 1502–1512. [CrossRef]
12. Chang, C.H.; Sakaguchi, M.; Dolin, P. Epidemiology of lactic acidosis in type 2 diabetes patients with metformin in Japan.

Pharmacoepidemiol. Drug. Saf. 2016, 25, 1196–1203. [CrossRef]
13. Aharaz, A.; Pottegård, A.; Henriksen, D.P.; Hallas, J.; Beck-Nielsen, H.; Lassen, A.T. Risk of lactic acidosis in type 2 diabetes

patients using metformin: A case control study. PLoS ONE 2018, 13, e0196122. [CrossRef]
14. Salpeter, S.; Greyber, E.; Pasternak, G.; Salpeter, E.E. Risk of fatal and nonfatal lactic acidosis with metformin use in type 2 diabetes

mellitus. Cochrane Database Syst. Rev. 2010, 4, CD002967. [CrossRef]
15. Bicsak, T.A.; Walsh, B.; Fineman, M. Metformin-associated lactic acidosis: Moving towards a new paradigm? Diabetes Obes. Metab.

2017, 11, 1499–1501. [CrossRef]
16. Yokoyama, S.; Tsuji, H.; Hiraoka, S.; Nishihara, M. Investigation of Risk Factors Affecting Lactate Levels in Japanese Patients

Treated with Metformin. Biol. Pharm. Bull. 2016, 39, 2022–2027. [CrossRef]
17. Connelly, P.J.; Lonergan, M.; Soto-Pedre, E.; Donnelly, L.; Zhou, K.; Pearson, E.R. Acute kidney injury, plasma lactate concentra-

tions and lactic acidosis in metformin users: AGoDartS study. Diabetes Obes. Metab. 2017, 11, 1579–1586. [CrossRef]
18. Scale, T.; Harvey, J.N. Diabetes, metformin and lactic acidosis. Clin. Endocrinol. 2011, 74, 191–196. [CrossRef] [PubMed]
19. Kim, M.H.; Oh, H.J.; Kwon, S.H.; Jeon, J.S.; Noh, H.; Han, D.C.; Kim, H.; Ryu, D.R. Metformin use and cardiovascular outcomes

in patients with diabetes and chronic kidney disease: A nationwide cohort study. Kidney Res. Clin. Pract. 2021, 40, 660–672.
[CrossRef]

20. Salvatore, T.; Pafundi, P.C.; Marfella, R.; Sardu, C.; Rinaldi, L.; Monaco, L.; Ricozzi, C.; Imbriani, S.; Nevola, R.; Adinolfi, L.E.; et al.
Metformin lactic acidosis: Should we still be afraid? Diabetes Res. Clin. Pract. 2019, 157, 107879. [CrossRef]

21. Smith, F.C.; Stocker, S.L.; Danta, M.; Carland, J.E.; Kumar, S.S.; Liu, Z.; Greenfield, J.R.; Braithwaite, H.E.; Cheng, T.S.; Graham,
G.G.; et al. The safety and pharmacokinetics of metformin in patients with chronic liver disease. Aliment. Pharmacol. Ther. 2020,
51, 565–575. [CrossRef]

22. Chen, C.C.; Ko, Y.; Chen, C.H.; Hung, Y.J.; Wei, T.E.; Chang, T.H.; Ke, S.S.; Kuo, K.N.; Chen, C. Relationship between metformin
use and lactic acidosis in advanced chronic kidney disease: The REMIND-TMU study. Am. J. Med. Sci. 2022, 364, 575–582.
[CrossRef] [PubMed]

23. The Japan Diabetes Society. Committee on the Proper Use of Biguanides: Recommendation on the Proper Use of Biguanide
Drugs. 2012. (revised 2020) (In Japanese). Available online: http://www.jds.or.jp/modules/important/index.php?content_id=20
(accessed on 2 May 2021).

24. Kadowaki, T. Proper use of biguanide. Diabetes J. 2012, 40, 42–44. (In Japanese)
25. Gregorio, F.; Ambrosi, F.; Filipponi, P.; Manfrini, S.; Testa, I. Is metformin safe enough for ageing type 2 diabetic patients? Diabetes

Metab. 1996, 22, 43–50. [PubMed]
26. Lin, Y.C.; Lin, L.Y.; Wang, H.F.; Lin, H.D. Fasting plasma lactate concentrations in ambulatory elderly patients with type 2 diabetes

receiving metformin therapy: A retrospective cross-sectional study. J. Chin. Med. Assoc. 2010, 73, 617–622. [CrossRef]
27. Kubo, S.; Noda, T.; Myojin, T.; Nishioka, Y.; Higashino, T.; Matsui, H.; Kato, G.; Imamura, T. National Database of Health Insurance

Claims and Specific Health Checkups of Japan (NDB): Outline and Patient-Matching Technique. bioRxiv 2018. [CrossRef]
28. Noda, T.; Kubo, S.; Myojin, T.; Higashino, T.; Matsui, H.; Kato, G.; Imamura, T. Improvement and verification of the patient

matching method in National Database of Health Insurance Claims and Specific Health Checkups of Japan. J. Health Welf. Stat.
2017, 64, 7–13. (In Japanese)

29. Nishioka, Y.; Okada, S.; Noda, T.; Myojin, T.; Kubo, S.; Ohtera, S.; Kato, G.; Kuroda, T.; Ishii, H.; Imamura, T. Absolute risk of
acute coronary syndrome after severe hypoglycemia: A population-based 2-year cohort study using the National Database in
Japan. J. Diabetes Investig. 2020, 11, 426–434. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMoa1603827
http://www.ncbi.nlm.nih.gov/pubmed/27295427
http://doi.org/10.1016/j.numecd.2017.04.009
http://www.ncbi.nlm.nih.gov/pubmed/28709719
http://doi.org/10.1007/s13300-017-0296-x
http://www.ncbi.nlm.nih.gov/pubmed/28879529
http://doi.org/10.2337/dc17-1414
http://doi.org/10.1097/MD.0000000000008257
http://www.nstac.go.jp/services/pdf/171117_5-3.pdf
http://www.nstac.go.jp/services/pdf/171117_5-3.pdf
http://doi.org/10.1016/j.metabol.2016.05.014
http://doi.org/10.1111/dom.12974
http://doi.org/10.1002/pds.4030
http://doi.org/10.1371/journal.pone.0196122
http://doi.org/10.1002/14651858.CD002967.pub4
http://doi.org/10.1111/dom.12994
http://doi.org/10.1248/bpb.b16-00517
http://doi.org/10.1111/dom.12978
http://doi.org/10.1111/j.1365-2265.2010.03891.x
http://www.ncbi.nlm.nih.gov/pubmed/21039727
http://doi.org/10.23876/j.krcp.20.222
http://doi.org/10.1016/j.diabres.2019.107879
http://doi.org/10.1111/apt.15635
http://doi.org/10.1016/j.amjms.2022.01.026
http://www.ncbi.nlm.nih.gov/pubmed/35483434
http://www.jds.or.jp/modules/important/index.php?content_id=20
http://www.ncbi.nlm.nih.gov/pubmed/8697295
http://doi.org/10.1016/S1726-4901(10)70135-0
http://doi.org/10.1101/280008
http://doi.org/10.1111/jdi.13153
http://www.ncbi.nlm.nih.gov/pubmed/31581351


Int. J. Environ. Res. Public Health 2023, 20, 5300 12 of 12

30. Myojin, T.; Noda, T.; Kubo, S.; Nishioka, Y.; Higashino, T.; Imamura, T. Development of a New Method to Trace Patient Data
Using the National Database in Japan. Adv. Biomed. Eng. 2022, 11, 203–217. [CrossRef]

31. Aoki, N. How to calculate and use the person-year method. J. Jpn. Assoc. Cereb. Cardiovasc. Dis. Control. 1991, 26, 64–66.
(In Japanese)

32. Lazarus, B.; Wu, A.; Shin, J.I.; Sang, Y.; Alexander, G.C.; Secora, A.; Inker, L.A.; Coresh, J.; Chang, A.R.; Grams, M.E. Association
of Metformin Use with Risk of Lactic Acidosis Across the Range of Kidney Function: A Community-Based Cohort Study. JAMA
Intern. Med. 2018, 178, 903–910. [CrossRef]

33. Haloob, I.; de Zoysa, J.R. Metformin associated lactic acidosis in Auckland City Hospital 2005 to 2009. World J. Nephrol. 2016, 5,
367–371. [CrossRef] [PubMed]

34. Mariano, F.; Pozzato, M.; Inguaggiato, P.; Guarena, C.; Turello, E.; Manes, M.; David, P.; Berutti, S.; Consiglio, V.; Amore, A.;
et al. Metformin-Associated Lactic Acidosis Undergoing Renal Replacement Therapy in Intensive Care Units: A Five-Million
Population-Based Study in the North-West of Italy. Blood Purif. 2017, 44, 198–205. [CrossRef]

35. Chu, P.Y.; Hackstadt, A.J.; Chipman, J.; Griffin, M.R.; Hung, A.M.; Greevy, R.A., Jr.; Grijalva, C.G.; Elasy, T.; Roumie, C.L.
Hospitalization for Lactic Acidosis Among Patients with Reduced Kidney Function Treated with Metformin or Sulfonylureas.
Diabetes Care 2020, 43, 1462–1470. [CrossRef]

36. Zhang, X.; Harmsen, W.S.; Mettler, T.A.; Kim, W.R.; Roberts, R.O.; Therneau, T.M.; Roberts, L.R.; Chaiteerakij, R. Continuation
of metformin use after a diagnosis of cirrhosis significantly improves survival of patients with diabetes. Hepatology 2014, 60,
2008–2016. [CrossRef]

37. Cheng, X.; Liu, Y.M.; Li, H.; Zhang, X.; Lei, F.; Qin, J.J.; Chen, Z.; Deng, K.Q.; Lin, L.; Chen, M.M. Metformin Is Associated with
Higher Incidence of Acidosis, but Not Mortality, in Individuals with COVID-19 and Pre-existing Type 2 Diabetes. Cell Metab.
2020, 32, 537–547.e3. [CrossRef] [PubMed]

38. Salber, G.J.; Wang, Y.B.; Lynch, J.T.; Pasquale, K.M.; Rajan, T.V.; Stevens, R.G.; Grady, J.J.; Kenny, A.M. Metformin use in Practice:
Compliance with guidelines for patients with diabetes and preserved renal function. Clin. Diabetes 2017, 35, 154–161. [CrossRef]

39. Di Mauro, S.; Filippello, A.; Scamporrino, A.; Purrello, F.; Piro, S.; Malaguarnera, R. Metformin: When Should We Fear Lactic
Acidosis? Int. J. Mol. Sci. 2022, 23, 8320. [CrossRef]

40. Imai, E. Chronic kidney disease in the elderly. Jpn. J. Geriatr. 2014, 51, 385–400. (In Japanese)
41. Van Berlo-van de Laar, I.R.F.; Gedik, A.; van’t Riet, E.; de Meijer, A.; Taxis, K.; Jansman, F.G.A. Identifying patients with metformin

associated lactic acidosis in the emergency department. Int. J. Clin. Pharm. 2020, 42, 1286–1292. [CrossRef]
42. Diabetes Prevention Program Research Group, Long-term safety, tolerability, and weight loss associated with metformin in the

Diabetes Prevention Program Outcomes Study. Diabetes Care 2012, 35, 731–737. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.14326/abe.11.203
http://doi.org/10.1001/jamainternmed.2018.0292
http://doi.org/10.5527/wjn.v5.i4.367
http://www.ncbi.nlm.nih.gov/pubmed/27458565
http://doi.org/10.1159/000471917
http://doi.org/10.2337/dc19-2391
http://doi.org/10.1002/hep.27199
http://doi.org/10.1016/j.cmet.2020.08.013
http://www.ncbi.nlm.nih.gov/pubmed/32861268
http://doi.org/10.2337/cd15-0045
http://doi.org/10.3390/ijms23158320
http://doi.org/10.1007/s11096-020-01069-2
http://doi.org/10.2337/dc11-1299
http://www.ncbi.nlm.nih.gov/pubmed/22442396

	Introduction 
	Materials and Methods 
	Dataset 
	Study Design 
	Study Population 
	Exposure: Biguanide Prescriptions 
	Outcome: LA Incidence in Hospitalized DM Patients Retrieved from the NDB 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

