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Abstract

Introduction: This study was conducted to comprehensively investigate the incidence
and risk of lower limb amputation (LLA) in the Japanese diabetic and nondiabetic

population.

Research design and methods: This retrospective population-based cohort study was
based on the national claims data in Japan, comprising a total population of 150 million.
Data of all individuals who had LLA from April 2013 to March 2018 were obtained, and
only the first major and minor amputation per individual during the 5-year period were
counted. The sex- and age-adjusted incidence of LLA was calculated in the diabetic and

nondiabetic population.

Results: In the 5-year period, 34,773 major and 24,904 minor LLAs were performed in
Japan. The crude incidence of major and minor LLAs was 6.8 (diabetic, 49 vs.
nondiabetic, 3.0) and 4.9 (diabetic, 38 vs. nondiabetic, 1.8), respectively, per 100,000
person-years. The sex- and age-adjusted incidence of major and minor LLAs was 20.3
and 27.1 times higher, respectively, in the diabetic population than in the nondiabetic

population.

Conclusions: This is the first report of the national statistics of LLAs in Japan. The
Japanese crude incidence of LLAs was lower than the incidence that was previously

reported in other countries. The incidence of major and minor lower LLAs was 20 and 30
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times higher, respectively, in individuals with diabetes than in nondiabetic individuals.
This information can help create an effective national healthcare strategy for preventing
limb amputations, which affect the quality of life of patients with diabetes and add to the

national healthcare expenditure.

Keywords: amputation, cohort study, diabetes mellitus
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Strengths and limitations of this study

This is the first report of the national statistics of lower limb amputations (LLAs) in the

Japanese diabetic and nondiabetic population.

This retrospective cohort study was based on the National Database (NDB) in Japan,
comprising a total population of 150 million.

Investigating the risk of LLA in diabetics can help create an effective national healthcare
strategy for preventing limb amputations.

The detailed medical information and parameters of each patient, including glycated
hemoglobin, body weight, smoking history, and family history, could not be reviewed
because of the nature of the database.

However, NDB is a comprehensive survey and the likelihood of selection bias is relatively
small, and we adjusted for sex and age when comparing the LLA rates of diabetic and
nondiabetic patients.
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INTRODUCTION

The objectives of diabetes management are to reduce the metabolic dysfunction that
occurs because of hyperglycemia, to prevent the development or progression of diabetes-
related complications and conditions associated with diabetes, and to enable the affected
individuals to maintain their quality of life and life expectancy similar to that of healthy
individuals.[1] Vascular and neurological complications of diabetes can considerably
influence lower limb amputation (LLA).[2—4] Previous studies have shown that diabetes
increases the risk of LLA, although there were considerable variations in the incidence of
LLA in the diabetic population.[5] It is very important to understand the incidence rates
of LLA in the diabetic and nondiabetic population to further improve the care of patients
with diabetes and to avoid fatal outcomes, particularly with regard to decisions associated

with health policy and the economy.[4,5]

In patients with diabetes, besides major LLAs (e.g., amputation through or
proximal to the ankle joint), there may be many minor LLAs (e.g., toe amputation).[6]
Major amputation represents a greater detrimental impact on physical integrity, but minor
amputations should also be prevented. Given the increase in the diabetic population, not
only major LLA but also minor LLA impose a burden on the healthcare system. With the
significant aging of the population, the number of patients with diabetes in Japan
continues to increase.[ 7] Therefore, it is important to grasp the prevalence associated with

age and the total incidence of each major and minor LLA. However, no large-scale
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community-based surveys on the incidence of LLA and no comparison studies of LLA in
the diabetic and nondiabetic population in Japan have been conducted. This study aimed
to investigate the incidence of all LLA in Japan and to compare the age-adjusted incidence
of LLA in the diabetic population with that in the nondiabetic population based on data
obtained from the National Database of Health Insurance Claims in Japan. To the best of
our knowledge, this study is the first to evaluate the LLA rate in Japan based on a

nationwide dataset.

METHODS

Study design and population

This population-based, retrospective cohort study was based on the National Database
(NDB) dataset and was approved by the ethics committee of Nara Medical University
(approval no. 1123-5). The use of NDB dataset was approved by the Ministry of Health,
Labor and Welfare, and the need for informed consent was waived in view of the study

design. All patient data were anonymized before analysis.

The study cohort comprised individuals who are enrolled in the NDB; all patient
data were anonymized. Japan has a universal public healthcare system, and the NDB
includes almost all patients in Japan. The NDB data provided information on personal
identifiers,[8] date, age group, sex, description of the medical procedures that were

conducted, the World Health Organization International Classification of Diseases
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diagnosis codes, the medical care that was received, medical examinations that were
conducted that did not include test results, and prescribed drugs, which were independent
of'the doctor’s or patient’s reports.[9] Drug information included the prescription amount,
brand name, generic name, dosage, and the number of days for which the medicine was

prescribed.

We designed this cohort study to include all the data of LLA patients collected
between April 2013 and March 2018 in the analysis. Japan has a population of
approximately 127 million, although the total observable population of this study was
approximately 150 million due to the inclusion of newborns within the 5-year observation

period and the slight deficits in the linking of the NDB.

Criteria for diagnosing diabetes

We defined patients with diabetes as individuals who had any of the diagnosis codes
associated with diabetes as well as those who were prescribed diabetes medication at least
once in the past 5 years. The diagnosis and medicine codes for diabetes are the same as
those reported in a previous study[9] and are presented in Supplementary Tables S1 and
S2, respectively. We included all patients with any type of diabetes; however, patients on

dietary or exercise management without antidiabetic medication were excluded.

Definition of LLA

The primary outcome was the first occurrence of each of the major or minor LLAs in the
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study period. The amputation codes are shown in Supplementary Table S3. We defined
major LLAs by the use of six medical procedure codes through, or proximal to, the ankle
joint, as follows: Limb amputation (thigh), Limb amputation (below legs), Limb
amputation (foot), Limb joint dissection (crotch), Limb joint dissection (knee), and Limb
joint dissection (foot) indicated by 150051610, 150051710, 150051810, 150052210,
150052310, and 150052610 (in K084-00 and K085-00), respectively, which are Japanese
original codes. In the Japanese medical code, finger and toe amputations are indicated by
the same code, and it is impossible to distinguish between them. Therefore, we defined
minor LLA as limb amputation (finger) and limb joint dissection (finger): 150051910 and

150052710 (in K084-00 and K085-00).

Statistical analyses

We defined the duration between dates of the first occurrence of the medical treatment
code or drug code and the last occurrence as the risk period. If the first major LLA
occurred during the observation period, the major LLA observation was terminated at that
time. Similarly, if the first minor LLA occurred during the observation period, the minor
LLA observation was terminated at the time. Therefore, even when the major and minor
LLA occurred many times in the same person during the 5-year study period, we counted
only the first major and minor LLAs. Moreover, even if a minor LLA occurred, the major
LLA observation continued such that the incidence of the major LLA was not

underestimated. The age recorded in this study was the age at the time of the last treatment
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during the study period or the patient’s age when the LLA was done. To calculate the rate
of incidence of LLA, the denominator was extracted from the NDB dataset. Crude rates
are presented as the number of amputations per 100,000 person-years. There were few
LLAs in individuals younger than 44 years and in those aged 100 years or older during
the study period; therefore, the crude rates were calculated for the diabetic and
nondiabetic populations only in the age range of 45-100 years. Nonetheless, the sex- and
age-adjusted LLA incidence rates were calculated for all age groups. To compare the
LLA incidence rates between participants with and without diabetes, the incidence rates
were evaluated, after adjusting for sex and age, at all ages, by using the direct method and
the sex and age structure of the Japanese 1985 population model (A Virtual Population
Model Based on population in 1985), which is commonly used in Japanese

epidemiological studies (Supplementary Table S4).

RESULTS

Population included in the NDB and the diabetic population

Of the 150,328,339 people (186,819,100,972 person-days) included in the NDB,
9,962,459 had diabetes, which accounted for 6.6% of the total sample (Table 1). In the
subgroups of men and women, the proportion of diabetic patients was higher in the elderly

group (age >65 years).
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Incidence of LLASs

Major LLAs occurred in 34,773 people, whereas minor LLAs occurred in 24,904 people
in the 5-year period. In Japan, a new major and minor LLA occurred in approximately
7000 and 5000 individuals, respectively, per year. Table 2 shows the characteristics of
LLA patients stratified into subgroups of diabetic and nondiabetic patients. Figures 1A
and 1B show the sex and age composition of the patient population with major and minor
LLA. In the overall study population, the incidence of LLA was higher in men than in
women. Patients with diabetes accounted for 60% and 65% of the total major and the total
minor LLAs, respectively; the highest number of LLAs in male patients occurred in the
age group of 65-84 years, whereas, in female patients, the number was significantly

associated with age. Therefore, most amputations occurred in the elderly population.
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Table 2 Patients with lower limb amputations stratified into diabetic and nondiabetic groups by age group$ and type of amputation.
2
Major LLA @ Minor LLA
S
Age groups, §
years Total Diabetic, n (%) Nondiabetic, n (%) Total Diab@ic, n (%) Nondiabetic n (%)

S
3

Total 34,773 20,777 (59.8) 13,996 (40.2) 24,904 16,156 (64.9) 8748 (35.1)
g
o

Men, total 21149 14062 (66.5) 7087 (33.5) 16482 @832 (71.8) 4650 (28.2)
3
8
Men, age 3
S
Z
groups, years =
S
X

044 655 325 (49.6) 330 (50.4) 602 5374 (62.1) 228 (37.9)
S
2

45-64 4307 3515 (81.6) 792 (18.4) 4151 3448 (83.1) 7031 (16.9)
g
g
8
2
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13,624
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LLA, lower limb amputation.
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Crude incidence rate of LLA

Table 3 shows the crude incidence rate (per 100,000 person-years) of LLA in the diabetic
and nondiabetic study population. Figures 1C and 1D show the crude incidence rates of
major and minor LLA according to the sex and age of the patients. The crude incidence
of major LLA per 100,000 person-years was 49.0 (95% confidence interval [CI] 48.7—
50.0) in diabetic and 3.0 (95% CI 2.9-3.0) in nondiabetic subjects. The crude incidence
of minor LLA per 100,000 person-years was 38 (95% CI 37.4-38.6) in diabetic and 1.8
(95% CI 1.8-1.9) in nondiabetic individuals, respectively. The incidence of LLA in the
study subgroup with diabetes was higher than that in the nondiabetic group. The rate of
LLA incidence in men was approximately 1.5 times higher than it was in women. The

incidence of LLAs increased gradually with age, with regard to major and minor LLAs.
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Table 3 Incidence rate (per 100,000 person-years) of lower limb amputations in diabetic and nondiabetic Fatients.
2
Major LLA a Minor LLA
S
Men and women, §
age group, years Diabetic 95% CI Nondiabetic 95% C1 Diabetic §95% CI Nondiabetic 95% CI
S
3
All age groups 49.0 48.7-50.0 3.0 2.9-3.0 38 & 37.4-38.6 1.8 1.8-1.9
g
S
Men, age group, g
3
years g
S
Z
45-64 50.3 48.7-52.0 1.5 1.4-1.6 48.9 = 47.2-50.5 1.3 1.2-1.4
N
o
X
65-74 58.1 56.4-59.8 5.5 52-5.8 48.0 E 46.5-49.5 4.1 3.9-44
S
2
75-84 66.2 64.2-68.2 12.2 11.7-12.7 50.4 = 48.6-52.1 7.4 7.1-7.8
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All age groups

Women, age group,

years

45-64

65-74

75-84

85-99

All age groups

71.0

57.7

28.6

30.5

40.7

63.3

37.9

67.4-74.6

56.7-58.6

26.7-30.4

29.0-32.0

39.0-42.4

60.5-66.0

37.0-38.9
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24.9

33

0.5

1.8

6.2

21.5

2.7

23.8-25.9

3.3-3.4

0.4-0.5

1.7-2.0

5.9-6.5

20.8-22.2

2.6-2.7

46.8

48.0

22.7

22.0

25.7

31.3

24.2

43.9-49.8

47.2-48.9

21.0-24.3

20.7-23.2

24.3-27.1

29.3-33.2

23.5-24.9

20

13.1

2.2

0.4

1.5

4.0

11.0

1.6

12.3-13.9

2.1-2.2

0.4-0.5

1.3-1.6

3.84.2

10.5-11.5

1.5-1.6

LLA, lower limb amputation; NDB, National Database.
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Age-adjusted incidence rate

To compare the differences in the incidence of LLA by age in individuals with and
without diabetes, the age-adjusted incidence of LLA was calculated for all ages (Table
4). The age-adjusted incidence of major LLA in men and women was 16.7 and 21.7 times
higher, respectively, in the population with diabetes than in the nondiabetic population.
The age-adjusted incidence of minor LLA in men and women was 25.0 and 24.3 times
higher, respectively, in patients with diabetes than in nondiabetic participants. After
adjusting for sex and age, the incidence of major and minor LLA was 20.3 and 27.1 times

higher, respectively, in the population with diabetes than in the nondiabetic population.
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Table 4 Age-adjusted incidence rate (per 100,000 person-year) of LLA in the diabetic and nondiabetic gerferal population.

Incidence of Major LLA Incidence of Minor LLA

120z Isnbnyy /

Groups Diabetic Nondiabetic Diabetic/Nondiabetic Diabetic Nondiabetic Diabetic/Non(Eabetic
=]

Men 25.0 1.5 16.7 25.0 1.0 25.0
Women 13.0 0.6 21.7 9.7 0.4 24.3
Total 20.3 1.0 20.3 19.0 0.7 27.1

LLA, lower limb amputation.
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DISCUSSION

The NDB is a comprehensive database of health insurance claims that are covered by the
Japanese National Health Insurance system. Japan has universal health coverage, with
local governments providing healthcare payments for approximately 2% of the population
who are on welfare; with the exception of accidents (which is covered by automobile
liability insurance or worker’s accident compensation in a previous health insurance
plan); thus, the NDB is considered to be representative of almost all health claims in
Japan.[8,9] By using the information from the Japanese NDB dataset, we conducted
cohort studies that comprised almost all LLAs in Japan during the study period. This is

the first report of LLAs across Japan.

In this study, we found that the crude incidence of LLAs was lower than the
incidence that was previously reported from other countries.[4,5] Many studies of LLAs
in diabetes have been published, but only few nationwide studies have investigated the
“true” incidence of LLA with or without diabetes. We believe that the true incidence of
LLA is ascertained by an assessment of whether an LLA occurs even once in life.
Interestingly, studies that evaluated only the first amputation during the observation
period, as with our study, are very few, and most of the studies which investigated the
incidence of LLA have counted multiple LLAs in each patient. Therefore, those previous
studies would surely have overestimated the incidence of LLA in patients with diabetes,

because a patient with diabetes plus an LLA is at a higher risk of re-amputation in the
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future.[10—12] This study provides a more accurate incidence of LLA in the diabetic
population and would be helpful for establishing a more effective healthcare strategy to

prevent LLA, which could affect the quality of life of patients with diabetes.

Compared with the few previous studies that evaluated only the first amputation to
calculate the incidence LLA, the results of this study showed a much lower incidence of
LLA. The crude incidence of major and minor LLA per 100,000 person-years for diabetes
was 49 and 38, respectively, in this study. In a previous systematic review where only the
first amputation was evaluated to calculate the incidence of LLA, the crude incidence of
major LLA per 100,000 person-years was 78—455 in the diabetic population.[5] Two
studies from Japan have investigated the incidence of LLA by including only the first
amputation. One of the studies was conducted in the southern part of Japan and showed
that the incidence of major LLAs was 50 per 100,000 person-years in participants with
type 2 diabetes.[13] Another study that used data from disabled person certifications
revealed that the incidence of major LLAs, regardless of diabetes, was 5.8 per 100,000
person-years.[14] These results, in conjunction with the findings of this study,
demonstrate a lower incidence of LLA in the Japanese population. There are several
explanations for the observed lower incidence of LLA in Japanese patients. First, the
Japanese population has a lower obesity rate than the Western populations.[15,16] Second,
the incidence of cardiovascular disease is much lower in Japan;[17] and this contributes

to a lower risk for the progression of atherosclerosis, which is the most prevalent etiology
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of LLA. Third, many Japanese individuals tend to avoid amputations because of religious
beliefs,[18] and doctors’ resort to limb-preservation measures (intravascular therapy,

such as stenting) to preserve the legs and feet and to delay amputation.

In this study, the incidence of major and minor LLA was approximately 20 and 30
times higher, respectively, in diabetic individuals compared to nondiabetic individuals.
In Japan, foot care performed by trained nurses has been approved for medical insurance
coverage since 2008,[19,20] and bypass surgery and intravascular treatment have become
significantly advanced.[21,22] Despite these efforts, our data indicate that the risk of LLA
in diabetic individuals remained significantly higher than it was in nondiabetic
participants. This may be associated with the fact that despite the insurance coverage of
nurse-provided foot care, only few patients actually avail foot care services. The medical
expenses burden of LLA is large.[23] The LLA risk of diabetic patients is much higher
and, therefore, more diligent screening and management of the diabetic population are
important to reduce the burden of quality of life reduction and the national healthcare

expenditure associated with LLA.[24]

A key strength of our study is that, by analyzing data from the nationwide NDB
that encompasses almost the entire Japanese population, this study is the first to evaluate
the true nationwide incidence of LLA in Japan. Nonetheless, this study has some
limitations. First, there is no generally accepted definition of major or minor

amputation.[5] We defined major LLA by the medical procedure codes that implied
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amputation through or proximal to the ankle joint. Second, in minor amputation, we could
not distinguish between upper and lower limb amputation because of the coding system
of the NDB. The incidence of each limb amputation in the 5-year period is shown in
Supplementary Table S5, which demonstrates a considerably lower incidence of upper
limb amputation. These results could justify our definition of minor LLA. Finally, the
detailed medical information and parameters of each patient, including glycated
hemoglobin, body weight, smoking history, and family history, could not be reviewed
because of the nature of the database. However, with regard to the smoking rate, which
can be an important confounding factor, a previous study in Japan reported that there was
no difference between the diabetes group and the general population in terms of the
current smoker rate in sex- and age-stratified analyses. Furthermore, NDB is a
comprehensive survey and the likelihood of selection bias is relatively small; in addition,
we adjusted for sex and age when comparing the LLA rates of diabetic and nondiabetic
patients. Therefore, it is unlikely that the study results will be significantly affected even

if the detailed medical information and parameters cannot be factored in.[25]

In conclusion, this is the first report of nationwide LLAs in Japan, and we found
that the Japanese crude incidence of LLAs was lower than the incidence reported in
previous reports. The incidence of major and minor LLAs was 20 and 30 times higher,
respectively, in diabetic individuals than in nondiabetic individuals. This important

information could help create an effective national healthcare strategy for preventing
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lower limb amputations, which affects the quality of life of the patient with diabetes and

confers an increased burden on the national healthcare expenditure.

Data availability statement The research data are available from the corresponding

authr on reasonable request.
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Figure legends

Figure 1. Results of sex- and age-stratified analyses: (A) number of major lower limb

amputation (LLA); (B) number of minor LLA; (C) rates of incidence of major LLA; and (D)

rates of incidence of minor LLA.
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Diagnosis in English

Type 1 diabetes mellitus

Brittle diabetes

SPIDDM - [Slowly progressive insulin-dependent
diabetes mellitus]

Type 1 diabetic coma

Type 1 diabetes mellitus with coma

SPIDDM with coma - [Slowly progressive insulin-
dependent diabetes mellitus]

Hypoglycemia in the context of type 1 diabetes
mellitus

Diabetic ketoacidosis in type 1 diabetes mellitus
Type 1 diabetes mellitus with ketoacidosis

SPIDDM with ketoacidosis - [Slowly progressive
insulin-dependent diabetes mellitus]

Fulminant type 1 diabetes mellitus

Diabetic ketoacidosis in type 1 diabetes mellitus
Type 1 diabetic acetone hyperlipoproteinemia
Type 1 diabetic nephropathy

Type 1 diabetes mellitus with diabetic nephropathy
Type 1 diabetic nephropathy phase 1

Supplementary Table S1 Diagnostic codes of diabetes.
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Type 1 diabetic nephropathy phase 2

Type 1 diabetic nephropathy phase 3

Type 1 diabetic nephropathy phase 3A

Type 1 diabetic nephropathy phase 3B

Type 1 diabetic nephropathy phase 4

Type 1 diabetic nephropathy phase 5

SPIDDM with nephropathy - [Slowly progressive
insulin-dependent diabetes mellitus]

Type 1 diabetic nephrosclerosis

Type 1 diabetic kidney failure

Type 1 diabetic retinopathy

Type 1 diabetes mellitus with eye complication
Type 1 diabetic macular edema

SPIDDM with eye complication - [Slowly progressive
insulin-dependent diabetes mellitus]

Type 1 diabetic cataracts
Proliferative diabetic retinopathy, type 1 diabetes

Type 1 diabetic macular disease
Type 1 diabetic eye muscle paralysis
Type 1 diabetic iritis

Type 1 diabetic central retinopathy
Type 1 diabetic neuropathy

Type 1 diabetes mellitus with neurological
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complications

SPIDDM with neurological complications - [Slowly
progressive insulin-dependent diabetes mellitus]
Type 1 diabetic muscular atrophy

Type 1 diabetic neuropathic bladder

Type 1 diabetic neuralgia

Type 1 diabetic autonomic neuropathy

Type 1 diabetic polyneuropathy

Type 1 diabetic mononeuropathy

Type 1 diabetic peripheral neuropathy

Type 1 diabetes mellitus with peripheral circulation
complications

Type 1 diabetic gangrene

SPIDDM with peripheral circulation complications -
[Slowly progressive insulin-dependent diabetes
mellitus]

Type 1 diabetic ulcer

Type 1 diabetic vascular disease

Type 1 diabetic atherosclerosis

Type 1 diabetic arterial occlusion

Type 1 diabetic peripheral vascular disease

Type 1 diabetic peripheral vascular disease

Type 1 diabetes mellitus with joint complications
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Type 1 diabetes mellitus with diabetic complications
SPIDDM with joint complications - [Slowly
progressive insulin-dependent diabetes mellitus]
Type 1 diabetic blister

Type 1 diabetic edematous sclerosis

Type 1 diabetic liver injury

Type 1 diabetic arthropathy

Type 1 diabetic hypercholesterolemia

Type 1 diabetic osteopathy

Type 1 diabetic mental disorder

Type 1 diabetic pruritus

Type 1 diabetic skin disorder

Type 1 diabetic gastroenteritis

Type 1 diabetes mellitus with multiple diabetic
complications

SPIDDM with multiple diabetic complications -
[Slowly progressive insulin-dependent diabetes
mellitus]

Type 1 diabetes mellitus without diabetic
complecations

SPIDDM without diabetic complications - [Slowly
progressive insulin-dependent diabetes mellitus]

Insulin resistant diabetes mellitus
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Type 2 diabetes mellitus

Stable diabetes mellitus

Juvenile type 2 diabetes

Type 2 diabetic coma

Type 2 diabetes mellitus with coma

Hypoglycemic coma in the context of type 2 diabetes

mellitus

Type 2 diabetic ketoacidosis
Type 2 diabetes mellitus with ketoacidosis

Type 2 diabetic acidosis

Type 2 diabetic acetone hyperlipoproteinemia
Type 2 diabetic nephropathy

Type 2 diabetes mellitus with diabetic nephropathy
Type 2 diabetic nephropathy phase 1

Type 2 diabetic nephropathy phase 2

Type 2 diabetic nephropathy phase 3

Type 2 diabetic nephropathy phase 3A

Type 2 diabetic nephropathy phase 3B

Type 2 diabetic nephropathy phase 4

Type 2 diabetic nephropathy phase 5

Type 2 diabetic nephrosclerosis

Type 2 diabetic kidney failure

Type 2 diabetic retinopathy
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Type 2 diabetes mellitus with eye complications

Type 2 diabetic macular edema

Type 2 diabetic cataracts

Proliferative diabetic retinopathy, type 2 diabetes

Type 2 diabetic macular disease
Type 2 diabetic eye muscle paralysis
Type 2 diabetic iritis

Type 2 diabetic central retinopathy
Type 2 diabetic neuropathy

Type 2 diabetic myopathy

Type 2 diabetes mellitus with neurological
complications

Type 2 diabetic muscular atrophy
Type 2 diabetic neuropathic bladder
Type 2 diabetic neuralgia

Type 2 diabetic autonomic neuropathy

Type 2 diabetic polyneuropathy
Type 2 diabetic mononeuropathy
Type 2 diabetic peripheral neuropathy

Type 2 diabetes mellitus with peripheral circulation

complications

Type 2 diabetic gangrene
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Type 2 diabetic ulcer

Type 2 diabetic vascular disease

Type 2 diabetic atherosclerosis

Type 2 diabetic arterial occlusion

Type 2 diabetic peripheral vascular disease

Type 2 diabetic peripheral vascular disease

Type 2 diabetes mellitus with joint complications
Type 2 diabetes mellitus with diabetic complications
Type 2 diabetic blister

Type 2 diabetic edematous sclerosis

Type 2 diabetic liver injury

Type 2 diabetic arthropathy

Type 2 diabetic hypercholesterolemia

Type 2 diabetic osteopathy

Type 2 diabetic mental disorder

Type 2 diabetic pruritus

Type 2 diabetic skin disorder

Type 2 diabetic gastroenteritis

Type 2 diabetes mellitus with multiple diabetic
complications

Type 2 diabetes mellitus without diabetic
complecations

Malnutrition-related diabetes mellitus
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Pancreatic diabetes mellitus

Steroid diabetes mellitus

Secondary diabetes mellitus

Viral diabetes mellitus

Drug-induced diabetes mellitus

Viral diabetes mellitus with coma
Pancreatic diabetes mellitus with coma
Steroid diabetes mellitus with coma
Secondary diabetes mellitus with coma

Drug-induced diabetes mellitus with coma

Viral diabetes mellitus with ketoacidosis

Pancreatic diabetes mellitus with ketoacidosis

Steroid diabetes mellitus with ketoacidosis

Secondary diabetes mellitus with ketoacidosis

Drug-induced diabetes mellitus with ketoacidosis

Viral diabetes mellitus with renal complications
Pancreatic diabetes mellitus with renal complications
Steroid diabetes mellitus with renal complications

Secondary diabetes mellitus with renal complications
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Drug-induced diabetes mellitus with renal
complications

Viral diabetes mellitus with eye complications
Pancreatic diabetes mellitus with eye complications
Steroid diabetes mellitus with eye complications
Secondary diabetes mellitus with eye complications

Drug-induced diabetes mellitus with eye complications
Viral diabetes mellitus with neurological complications

Pancreatic diabetes mellitus with neurological
complications

Steroid diabetes mellitus with neurological
complications

Secondary diabetes mellitus with neurological
complications

Drug-induced diabetes mellitus with neurological
complications

Viral diabetes mellitus with peripheral circulatory
complications

Pancreatic diabetes mellitus with peripheral circulatory
complications

Steroid diabetes mellitus with peripheral circulatory
complications

Secondary diabetes mellitus with peripheral circulatory
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complications
Drug-induced diabetes mellitus with peripheral

circulatory complications
Viral diabetes mellitus with diabetic complications

Pancreatic diabetes mellitus with diabetic

complications
Steroid diabetes mellitus with diabetic complications

Secondary diabetes mellitus with diabetic
complications

Drug-induced diabetes mellitus with diabetic
complications

Viral diabetes mellitus with multiple diabetic
complications

Pancreatic diabetes mellitus with multiple diabetic
complications

Steroid diabetes mellitus with multiple diabetic
complications

Secondary diabetes mellitus with multiple diabetic
complications

Drug-induced diabetes mellitus with multiple diabetic

complications

Viral diabetes mellitus without diabetic complications
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Pancreatic diabetes mellitus without diabetic
complications

Steroid diabetes mellitus without diabetic
complications

Secondary diabetes mellitus without diabetic
complications

Drug-induced diabetes mellitus without diabetic
complications

Diabetes mellitus

Diabetic complications

Diabetic coma

Hypoglycemic coma in the context of diabetes mellitus
Diabetic acidosis

Diabetic acetonemia

Diabetic ketoacidosis

Diabetic nephropathy

Diabetic renal failure

Diabetic nephrosclerosis

Diabetic iritis

Diabetic central retinopathy

Diabetic cataract

Proliferative diabetic retinopathy

Diabetic maculopathy

Diabetic retinopathy
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8843626

2500013
2507028
2502006
8838076
2501002
2501003
2501005
2503005
2503007
8838071
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2504005
2504006
2504010
2504012
2504013
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Diabetic ophthalmoplegia
Diabetic macular edema
Diabetic neuralgia

Diabetic peripheral neuropathy
Diabetic muscular atrophy
Diabetic neuropathic bladder
Diabetic autonomic neuropathy
Diabetic polyneuropathy
Diabetic mononeuropathy
Diabetic neuropathy
Diabetic foot lesion

Diabetic neuropathic pain
Diabetic gangrene

Diabetic arterial occlusion
Diabetic ulcer

Diabetic angiopathy

Diabetic arteriosclerosis
Diabetic peripheral vascular disease
Diabetic peripheral vascular disease
Diabetic foot gangrene
Diabetic foot ulcer

Diabetic arthropathy

Diabetic skin disorders

Diabetic liver injury
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2505011
2505018
2505021
8838069
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2506006
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8838077
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8848632
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Diabetic hypercholesterolemia
Diabetic osteopathy

Diabetic mental disorder
Diabetic pruritus

Diabetic blister

Diabetic edematous sclerosis

Hyperglycemia hyperosmolarity syndrome

Diabetes mellitus without diabetic complications

Hypoglycemic coma not in the context of diabetes

mellitus

Levulosuria

Essential levulosuria

Benign levulosuria

Renal glycosuria

Bronze diabetes mellitus

Secondary diabetes after pancreatectomy

Pregnancy with type 1 diabetes

vith type 2 diabetes

Pregnancy diabetes mellitus

Overt diabetes in pregnancy

Impaired glucose tolerance in pregnancy
Gestational diabetes maternal syndrome
Diabetes maternal infant

Neonatal transient diabetes mellitus
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8844652
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8843439

8839324

8831401
8840104
8841021
2714002
8835941
8835685
8830029
8830039
6489003
8838621
8838619
8838633
8838081
7751001
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Neonatal diabetes mellitus
Neonatal transient hyperglycemia
Borderline type diabetes mellitus
Impaired glucose tolerance
Chemical diabetes mellitus
Latent diabetes mellitus
Pre-diabetes mellitus
Hyperglycemia

Transient diabetes mellitus
L-Xylulosuria

Hypoglycemic glycosuria
Dietary glycosuria

Emotional glycosuria
Euglycemic glycosuria

Glycosuria
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2713009
8831132
8836104
8836563
8833419
7915002
7915003
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Supplementary Table S2 Codes of antidiabetic medications
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V=

CUOC

Types of Medicine codes g‘
antidiabetic %
medication b
Sulfonylureas 610412056, 610443002, 610443003, 613960002, 613960003, 613960008, 613960017,

613960026,613960027,613960028,613960038,613960039,613960078,620000048,?
620002031,620002032,620003159,620003160,620003947,620003948,620006030,%
620006890,620009209,620871601,620872002,620872003,620872004,620872009,§
620872016,620873202,620873301,620873402,620873702,621982701,621997001,§
621997101,621998701,621998801,621998901,621999001,621999301,621999401;§
621999701,621999801,622000601,622000701,622001701,622001801,622004701%_
622004801,622005501,622005601,622005802,622009802,622009901,622010001&
622011401,622011501,622011601,622011701,622013401,622013501,622013601;,
622016001,622016101,622017301,622017401,622017501,622017901,622018001,%
622018802,622020903,622021003,622021801,622021901,622022001,622022101,%
622023501,622023601,622025201,622025301,622025801,622025901,622026501;?
622026601, 622029901, 622030001, 622031401, 622031501, 622033001, 622033101,
622033201, 622033701, 622033801, 622035701, 622035801, 622036002, 622037901, %
622038001,622039901,622048401,622048501,622058801,622058901,622059002%
622059102, 622075601, 622088301, 622088401, 622103201, 622114701, 622114801,
622118501,622122201,622122301,622127301,622127401,622127501,622128101,;
622137701, 622141101, 622141302, 622143402, 622144001, 622159301, 622169102,3
622169301,622176301,622177501,622186201,622187301,622190001,622190801,%
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622193301,622194901,622198001,622202201,622202801,622205101,622205501,g
622208901, 622211501, 622217701, 622219701, 622221001, 622222001, 622242001, 5
622246801, 622252501, 622254701, 622271101, 622271201, 622271301, 622313200 o
622313300, 622338501, 622338601, 622338701

-
=

Meglitinides

622462501, 622462401, 620001908, 620001907, 622053601, 622040901, 622041001,
610432026, 610432027, 622196601, 622119301, 622230001, 622196701, 622119401, T
622230101, 610432032, 610432033, 622518201, 622525401, 622515301, 622523401,
622521001, 622518101, 622525301, 622515201, 622523301, 622520901

TZaz1snbny
CUOUUC™F \'4

FaTal=TallNV.V.YaYa]
Lad o

a-glucosidase

inhibitors

1

610406390, 620002841, 620002843, 620004045, 620004072, 620004071, 620008727, 5
620008726,621665301,621683401,621673501,621691201,622090001,621689303,§
621689001,621690402,621690901,621690203,620002120,620004069,620005557;§
620005558,620005559,620005560,620005561,620008071,620008072,620008073%.
621953301,621943301,620009287,621896502,622008602,620009286,621896402@
622008502,620009296,620009294,620009293,622302301,620009297,621958801;#
620005360,621785002,621942202,620009295,620009291,620009289,620009288,%
622302201, 620009292, 621958701, 620005359, 621784902, 621942102, 620009290, 5
621937201,621937101,613960082,613960081,622053601,622432501,622426601;?
622426701,620003127,620003128,620003129,620002121,610406391,621953401,2
620004046,620004070,620005562,620008074,620005563,620005564,620005565,%
620008075,620005566,621943401,620008076,620004073,620002845,621690303%
620008729, 620008728, 620004074, 621689403, 621689101, 621691001, 621691601,
621665401, 621683501, 620002847, 622090101, 621690502, 621673601 ;

=7

GV CUC—UCTT

1
+

a

Biguanides

Wal |
g2

622517101,622450401,622450301,620004480,620004502,620005979,610463145,%
621986401, 621986301, 610444147, 621974701, 622242501, 622070801, 621676001,
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b

4

620005570, 622427201, 622421901, 622424401, 622421101, 622412701, 622438401
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Category number (in Japan)

Medical proc

ure codes (in Japan)

Major LLA
Limb amputation (thigh)
Limb amputation (below-knee)
Limb amputation (foot)
Limb joint dissection (crotch)
Limb joint dissection (knee)
Limb joint dissection (foot)
Minor LLA
Limb amputation (finger)

Limb joint dissection(finger)

K084-00
K084-00
K084-00
K085-00
K085-00
K085-00

K084-00
K085-00

150051610
150051710
150051810
150052210
150052310
150052610

150051910
150052710

LLA, lower limb amputation.
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Age group, Age group, Age group,

years Standard population years Standard population years Stanfdard population
04 8,180,000 35-39 9,289,000 70-74 3,476,000
5-9 8,338,000 4044 9,400,000 75-79 2,441,000
10-14 8,497,000 45-49 8,651,000 80-84 1,406,000
15-19 8,655,000 50-54 7,616,000 =285 784,000
2024 8,814,000 55-59 6,581,000 Total 120,287,000
25-29 8,972,000 60-64 5,546,000

30-34 9,120,000 65-69 4,511,000
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Supplementary Table S5 Incidence of each limb amputation during the observation period.

Amputation

Number of amputations

Limb amputation (upper arm)
Limb amputation (forearm)
Limb amputation (hand)

Limb amputation (thigh)

Limb amputation (below-knee)
Limb amputation (foot)

Limb amputation (finger)
Limb joint dissection (shoulder)
Limb joint dissection (crotch)
Limb joint dissection (knee)
Limb joint dissection (elbow)
Limb joint dissection (hand)
Limb joint dissection (foot)

Limb joint dissection (finger)

450
318
165
16,107
15,211
6,242
23,184
76
481
318

12

35
456
1,720
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ABSTRACT

Introduction: This study was conducted to investigate the incidence and time trend of

lower limb amputation (LLA) among people with and without diabetes.

Research design and methods: This retrospective population-based cohort study was
based on the national claims data in Japan, comprising a total population of 150 million.
Data of all individuals who had LLA from April 2013 to March 2018 were obtained. We
analyzed the sex- and age-adjusted annual LLA rate (every fiscal year) in people with and
without diabetes for major and minor amputation. To test for time trend, Poisson

regression models were fitted.

Results: In the 5-year period, 30,187 major and 29,299 minor LLAs were performed in
Japan. The sex- and age-adjusted incidence of major and minor LLAs was 9.5 (people
with diabetes, 21.8 vs. people without diabetes, 2.3, per 100,000 person-years) and 14.9
(people with diabetes, 28.4 vs people without diabetes, 1.9, per 100,000 person-years)
times higher, respectively, in people with diabetes compared to those without. A
significant decline in the annual major amputation rate was observed (p <0.05) and the
annual major amputation rate remained stable (p = 0.63) when sex, age, and people with

and without diabetes were included as dependent variables.

Conclusions: This is the first report of the national statistics of LLAs in Japan. The
incidence of major and minor LLAs was 10 and 15 times higher, respectively, in people

with diabetes compared to those without. A significant decline in the major amputation
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rate was observed, and the annual major amputation rate remained stable during
observation period. This information can help create an effective national healthcare
strategy for preventing limb amputations, which affect the quality of life of patients with

diabetes and add to the national healthcare expenditure.

Keywords: amputation, cohort study, diabetes mellitus
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Strengths and limitations of this study

® This is the first report of the national statistics of lower limb amputations (LLAs)

among people with and without diabetes.

® This retrospective cohort study was based on the National Database (NDB) in Japan,
comprising almost all patients in Japan.

® (onsidering the definition of minor amputation, we could not distinguish between finger
and toe amputations because of the coding system of the NDB.

® The detailed medical information and parameters of each patient, including glycated
hemoglobin, body weight, smoking history, and family history, could not be reviewed
because of the nature of the database.

® However, NDB is a comprehensive survey and the likelihood of selection bias is relatively
small; we adjusted for sex and age when comparing the LLA rates of people with and
without diabetes.
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INTRODUCTION

The objectives of diabetes management are to reduce the metabolic dysfunction that
occurs because of hyperglycaemia, to prevent the development or progression of diabetes-
related complications and conditions, and to enable the affected individuals to maintain
their quality of life and life expectancy like healthy individuals [1]. Vascular and
neurological complications of diabetes can considerably influence lower limb amputation
(LLA) [2-4]. Previous studies have shown that diabetes increases the risk of LLA,
although there were considerable variations in its incidence among people with diabetes
[5]. It is important to understand the incidence rates of LLA in diabetic and nondiabetic
populations to further improve the care of patients with diabetes and to avoid fatal
outcomes, particularly regarding decisions associated with health policy and the economy

[4,5].

Among patients with diabetes, besides major LLAs (e.g., amputation proximal
to the ankle joint), there may be many minor LLAs (e.g., amputation through the ankle
joint and toe amputation) [6]. Major amputations have severe detrimental impact on
physical integrity, but minor amputations should also be prevented. Given the increasing
incidence of diabetes, not only major LLAs but also minor LLAs impose a burden on the
healthcare system. With significant ageing of the population, the number of patients with
diabetes in Japan continues to increase [7]. Therefore, it is important to understand the
association of age with the total incidence of each major and minor LLA. However, no
large-scale community-based surveys on the incidence of LLA among people with and

without diabetes in Japan have been conducted. We aimed to investigate the incidence of
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LLAs in Japan and compare the age-adjusted incidence of LLA between people with and
without diabetes. We also analysed the time trend based on data obtained from the
National Database of Health Insurance Claims in Japan. To the best of our knowledge,

this study is the first to evaluate the LLA rate in Japan based on a nationwide dataset.

METHODS

Study design and population

This population-based, retrospective cohort study was based on the National Database
(NDB) dataset and was approved by the ethics committee of Nara Medical University
(approval no. 1123-5). The use of NDB dataset was approved by the Ministry of Health,
Labor and Welfare, and the need for informed consent was waived in view of the study

design. All patient data were anonymised before analysis.

The study cohort comprised individuals enrolled in the NDB; all patient data were
anonymised. Japan has a universal public healthcare system, and the NDB includes
almost all patients in Japan. However, people whose family names changed due to
marriage or divorce and people whose insurance changed due to social circumstances are
also counted as other individuals. Approximately 2% of the people on welfare were not
included in this study because they were not covered by the insurance programme. The
NDB data provided information on personal identifiers [8], date, age group, sex,
description of the medical procedures conducted, the World Health Organization

International Classification of Diseases diagnosis codes, medical care received, medical
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examinations conducted (not including test results), and prescribed drugs, which were
independent of the doctor’s or patient’s reports [9]. Drug information included the
prescription amount, brand name, generic name, dosage, and the number of days for
which the medicine was prescribed. The age recorded in this study was age at the time of

the last treatment during the study period or the patient’s age when LLA was performed.

We designed this cohort study to include all the data of LLA patients collected

between April 2013 and March 2018 in the analysis.

Criteria for diagnosing diabetes

We defined patients with diabetes as individuals who had any of the diagnosis codes
associated with diabetes and those who were prescribed diabetes medication at least once
in the past 5 years. The diagnosis and medicine codes for diabetes are the same as those
reported previously [9] and are presented in Supplementary Tables S1 and S2,
respectively. We included all patients with any type of diabetes. In Japan, the indication
for metformin is limited to type 2 diabetes patients, and prescriptions for obese people
and for women with polycystic ovary syndrome patients are not permitted. Patients on

dietary or exercise management without antidiabetic medication were excluded.

Definition of LLA

The medical procedure receipt codes (as LLA codes) are shown in Supplementary Table
S3. We defined major LLAs as the use four medical procedure receipt codes proximal to
the ankle joint, as follows: above-knee/transfemoral amputation, below-knee/transtibial

amputation, hindquarter amputation/ hip disarticulation, and through-knee amputation. In
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the Japanese medical code, the amputation of fingers and toes is indicated by the same
code, and it is impossible to distinguish between them. Therefore, we defined minor LLA
as through-foot amputation, trans-metatarsal amputation and Lisfranc disarticulation,
finger and toe amputation, and finger and toe joint disarticulation. The primary outcome
was the first occurrence of each major or minor LLA in the study period. If the first major
LLA occurred during the observation period, its observation was terminated at that time.
Similarly, if the first minor LLA occurred during the observation period, its observation
was terminated at the time. Therefore, even when the major and minor LLAs occurred
many times in the same person during the 5-year study period, we counted only the first
major and minor LLAs. Moreover, even if a minor LLA occurred, the major LLA
observation was continued such that the incidence of the major LLA was not

underestimated.

Statistical analyses

We defined the duration between the first occurrence of the medical treatment code or
drug code and the last occurrence as the risk period. To calculate the incidence of LLA,
the denominator included all the observation populations of each group, extracted from
the NDB dataset. LLA rates are presented as the number of amputations per 100,000
person-years. To compare the LLA incidence rates between people with and without
diabetes, the incidence rates were evaluated after adjusting for sex and age using the direct
method, i.e., the sex and age structure of Japan’s national census in 2015 (Supplementary
Table S4). We included age-adjusted standardised incidence of LLA for all ages.

Furthermore, the relative risk (RR) of LLA among people with diabetes was calculated
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by dividing amputation rates among people with diabetes by amputation rates among

those without diabetes.

The statistics for this study were calculated directly using Microsoft SQL server, and we
used Excel to calculate the 95% confidence interval by multiplying it by a coefficient that

assumed Poisson distribution.

Annual standardized major and minor LLAs were analysed from 2013 to 2016 fiscal year.
2017 was excluded because the observation period in 2017 was shorter than other years,
and the denominator was smaller, which could overestimate the LLA rate. To test for time
trends, we fitted Poisson regression models for major or minor amputation rate using year
of outcome (difference from the first fiscal year 2013 as an ordinal variable), age and sex,
and the population with and without diabetes as independent variables. All models were
adjusted for over-dispersion using a dispersion parameter. All analyses were conducted

using the Statistical Analysis System (SPSS Advanced Statistics).

Patient and Public Involvement.

Patients and the public were not involved.

RESULTS

Population included in the NDB and the diabetic population

Of the 150,328,339 people (186,819,100,972 person-days) included in the NDB,
9,962,459 had diabetes, which accounted for 6.6% of the total sample (Table 1). In the

subgroups of men and women, the proportion of diabetic patients was higher in the elderly
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group (age >65 years).

Incidence of LLASs

Major LLAs occurred in 30,187 people, whereas minor LLAs occurred in 29,299 people
in the 5-year period. In Japan, a new major and minor LLA occurred in approximately
6,000 individuals per year. Table 2 shows the characteristics of LLA patients stratified
into subgroups of people with and without diabetes. Figures 1A and 1B show the sex and
age composition of the patient population with major and minor LLAs. In the overall
study population, the incidence of LLA was higher among men than in women. Patients
with diabetes accounted for 58% and 66% of the total major and minor LLAs,
respectively; the highest number of LLAs in men were performed around 65-84 years of
age, whereas, in women, the number was significantly associated with age. Therefore,

most amputations occurred in the elderly population.

Age-adjusted incidence rate

Throughout the observation period, the major amputation risk was 9.5 times higher in
people with diabetes compared with people without diabetes (people with diabetes, 21.8
vs. people without diabetes, 2.3, per 100,000 person-years); the minor amputation risk
was also 14.9 times higher among people with diabetes (people with diabetes, 28.4 vs.
people without diabetes, 1.9, per 100,000 person-years) (Table 3). This difference was

particularly pronounced in minor amputations than major amputations. Additionally, the
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RR was higher in men than in women.

Time trend

We observed a significant decrease in the major amputation rate in the general population,
from 5.5 per 100,000 person-years in 2013 to 4.4 in 2016 (p <0.05, for time trend, Poisson
model). The major amputation rate decreased among people with (2013:22.8; 2016:20.0)

and without diabetes (2013:2.6; 2016: 2.1).

In contrast, the minor amputation rate remained stable in the general population, from
5.6 per 100,000 person-years in 2013 to 4.7 in 2016 (p =0.63, for time trend, Poisson
model). The minor amputation rate remained stable among people with (2013:29.0;

2016:28.9) and without diabetes (2013 2.1; 2016: 1.7) (Table 4, Figure 2).
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DISCUSSION

The NDB is a comprehensive database of health insurance claims that are covered by the
Japanese National Health Insurance system. Japan has universal health coverage, with
local governments providing healthcare payments for approximately 2% of the population
who are on welfare, with the exception of accidents (which is covered by automobile
liability insurance or worker’s accident compensation in a previous health insurance
plan); thus, the NDB is considered to be the representative of almost all health claims in
Japan [8,9]. Using information from the Japanese NDB dataset, we conducted cohort
studies that comprised almost all LLAs in Japan during the study period. This is the first

report of LLAs across Japan.

Although several studies have analysed amputation risk in people with diabetes,
population-based and nationwide studies analysing amputation risk in populations with
and without diabetes are still limited. Additionally, study design such as definition and
counting LLA (counting all, counting only the first of the observation period, counting
only the first of each year), sex- and age- adjustment method (all ages or only specific
ages) were different significantly, so accurately comparing them is difficult. Considering
this, compared with the few previous studies that evaluated only the first amputation in
the observation period or each year to calculate the LLA incidence, LLA rates in the
general population of this study were much lower (e.g., 7.4—41.4 and 8.0—46.7 per
100,000 person-years in Europe and Australasia in 2010-2014, major and minor
amputation, respectively [10]; 7.8—13.2 per 100,000 person-years in OECD in 2000-2011,

major amputation [11]; in our study 4.8 and 5.0 per 100,000 person-years, major and
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minor amputation, respectively). Herein, the LLA rates among people with diabetes were
much lower than those of previous studies (e.g., 78704 per 100,000 person-years in a
systematic review in 1990-2010, major amputation [5]; 7.8—13.2 per 100,000 person-
years in OECD in 2000-2011, major amputation [11]; in our study 21.8 and 28.4 per
100,000 person-years, major and minor amputation, respectively). There are several
explanations for the observed lower incidence of LLA in Japanese patients. First, the
Japanese population has a lower obesity rate than the Western population [12,13]. Second,
the incidence of cardiovascular disease is much lower in Japan [14]; this contributes to
lower risk for the progression of atherosclerosis, which is the most prevalent aetiology of
LLA. Third, many Japanese individuals tend to avoid amputations because of religious
beliefs [15], and doctors resort to limb-preservation measures (endovascular therapy, such

as stenting) to preserve the legs and feet and to delay amputation.

In this study, the incidence of major and minor LLA was approximately 10 and 15
times higher, respectively, in people with diabetes compared to those without. Among
people with diabetes, both peripheral arterial disease and peripheral neuropathy can cause
foot ulceration and lower limb amputation. Strict chronic disease management (such as
plasma glucose, blood pressure, lipids, and renal failure control) is important to suppress
arteriosclerosis. Peripheral vascular disease is often not diagnosed in patients with
diabetes usually until the formation of a nonhealing ulcer. Therefore, identification of
patients with diabetes who are at high risk of ulceration is important and it can be achieved
through annual foot screening [2]. There is an emerging focus on lifestyle interventions

including weight loss and physical activity as well [16]. Further, in case of foot ulcer or
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foot infection, many experts (diabetologists, vascular surgeons, orthopaedics,
interventional radiologists, infectious diseases specialists, specialised nurses, podiatrists,
and orthotic technicians) need to work together as a multidisciplinary team to prevent
LLA [17]. In Japan, foot care performed by trained nurses has been approved for medical
insurance coverage since 2008 [18,19], and bypass surgery and endovascular treatment
have become significantly advanced [20,21]. Despite these efforts, our data indicate that
the risk of LLA in people with diabetes remained significantly higher than in people
without diabetes. This may be associated with the fact that despite the insurance coverage
of nurse-provided foot care, only few patients actually availed foot care services. The
medical expenses burden of LLA is large [22]. The LLA risk among people with diabetes
1s much higher and, therefore, more diligent screening and management of the people
with diabetes are important to reduce the burden of quality-of-life reduction and the
national healthcare expenditure associated with LLA [23]. The high risk of LLA in people
with diabetes clarified in this study will help to develop national medical strategies such
as more specialised diabetes treatments including insulin and foot care, expansion of team
medical care, and establishment of educational programmes and activities for patient

empowerment.

In this study, a significant decline in the annual major amputation rate was
observed in Japan and the annual major amputation rate remained stable. Our finding
concerning the time trend for major LLAs in people with and without diabetes is in line
with results from other international studies, which mainly demonstrated decreased

incidence of major LLAs. Major amputations decreased by 11.1% in 20052015 in the
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general population of Germany [24]. A progressive decrease was observed for major
amputations among people with diabetes (-30.7%) and without diabetes (-12.5%) in
2001-2010 in Italy [25]. Minor amputations in people with and without diabetes had
different trends in each country. A significant but weaker decrease was observed for
minor amputations in 2009-2013 in Belgium (5% and 3%, people with and without
diabetes) [26]. A relative increase of +12.8% was observed for minor amputations in
2005-2011 in Germany [24]. Minor amputations may indicate better quality of care as
they maybe interventions to prevent major amputations and salvage the lower extremities.
A stable number of the total amputations, or even an increase, may actually hide a higher

number of minor vs. major amputations, which in turn would indicate better performance

[11].

A key strength of our study is that, by analysing data from the nationwide NDB
that encompasses almost the entire Japanese population, this study is the first to evaluate
the nationwide incidence of LLA in Japan. Nonetheless, this study has some limitations.
First, many similar studies investigated only the amputations related to peripheral arterial
disease or diabetes by excluding amputations due to trauma or malignancy using
diagnosis codes attached to the amputation episodes; it was technically impossible to
exclude amputations due to trauma or malignancy in this study. Second, in minor
amputation, we could not distinguish between finger and toe amputations because of the
coding system of the NDB. Although toe amputations are actually more than finger
amputations, it is possible that the number of minor amputations was overestimated. Third,

the total observable population of this study was approximately 150 million, although
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Japan has a population of approximately 127 million. Even considering new births,
marriages, divorces, and changes in family names due to social circumstances, there could
be slight deficits in the linking of the NDB. However, this does not significantly change
the analysis of the results. Finally, the detailed medical information and parameters of
each patient, including glycated haemoglobin, body weight, smoking history, and family
history, could not be reviewed because of the nature of the database. However, regarding
smoking rate, which can be an important confounding factor, a previous study in Japan
reported no difference between the diabetes group and the general population in terms of
smoking status in sex- and age-stratified analyses. Furthermore, NDB is a comprehensive
survey and the likelihood of selection bias is relatively small; additionally, we adjusted
for sex and age while comparing LLA rates of people with and without diabetes.
Therefore, it is unlikely that the study results will be significantly affected even if detailed

medical information and parameters are considered [27].

In conclusion, this is the first report of nationwide LLAs in Japan, and we found
that the incidence of major and minor LLAs was 10 and 15 times higher, respectively, in
people with diabetes compared to those without diabetes. A significant decline in the
major amputation rate was observed and the annual major amputation rate remained
stable during the observation period. This information can help create an effective
national healthcare strategy for preventing limb amputations, which affect the quality of

life of patients with diabetes and add to the national healthcare expenditure.
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Figure legends

Figure 1. Results of sex- and age-stratified analyses: (A) number of major lower limb

amputation (LLA); (B) number of minor LLA.

Figure 2. Time trend of age- and sex- standardized amputation rate: (A) major amputation; (B)

minor amputation
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Table 1 Characteristics of the NDB study population categorized into people with and without diabetes.

Age groups, years

Total

Men, total

Men, age groups, years

0— 44

45 — 64

65 - 74

75 -84

Total People with diabetes, n (%)  People w
150,328,339 9,962,459 (6.6)
70,958,283 5,838,320 (8.2)
35,317,225 301,772 (0.9)
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9,134,765 1,849,566 (20.2)
6,152,042 1,458,566 (23.7)
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044 183
45-64 1,011
65-74 1,900
75-84 3,429
>85 5,693

44 (24.0)

747 (73.9)

1,335 (70.3)

1,894 (55.2)

1,825 (32.1)

BMJ Open

139 (76.0)

264 (26.1)

565 (29.7)

1,535 (44.8)

3,868 (67.9)

177

1,243

1,945

2,854

3,595

72 (40.7)

946 (76.1)

1,361 (70.0)

1,606 (56.3)

1,183 (32.9)

30

105 (59.3)

297 (23.9)

584 (30.0)

1248 (43.7)

2412 (67.1)

LLA, lower limb amputation.
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Table 3 Age-adjusted incidence rate (per 100,000 person-year) of LLA in people with and without diab

BMJ Open

Incidence of Major LLA
Relative risk
With Without
Groups Total 95%CI . 95% CI . 95% CI (With /
diabetes diabetes
Without)
Men 6.2 59-6.5 264 234-29.5 26 23-28 10.2
Women 3.5 33-3.7 17.3 14.5-20.1 20 18-2.2 8.7
Total 4.8 45-5.1 21.8 18.9-24.7 23 21-25 9.5
Incidence of Minor LLA
Groups Total 95% CI With 95% CI Without 95% CI  Relative risk
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BMJ Open %-
B
S
N 32
5'2
S
&
S
y
>
-
diabetes diabetes (With / g
Without) =
v}
Men 7.1 6.7-17.5 393 35.7-43.0 22 2.0-25 17.9 %
Women 3.0 2.7-32 18.0 154-20.5 1.5 1.3-1.7 12.0 g
Total 5.0 4.7-53 284 253-31.4 1.9 1.7-2.1 14.9 %
o
3
LLA, Lower limb amputation; CI, confidence interval. g
§
Table 4 Time trend of age- and sex- standarized amputation rates (/100,000 person-years, annual ﬁsc% year)
:
Fiscal year 2013 2014 201% 2016
rate  95% CI rate  95% CI rate  95% CZ rate  95% CI
Major amputation Z
Men and women with diabetes 22.8 17.3-283 209 15.6-26.1 20.0 __.9 -26.1  20.0 14.7-25.4
Men with diabetes 26.8 222-314 250 19.0-31.0 229 1@.7 -282 257 19.1-32.3
~
Women with diabetes 19.1 12.8-254 17.0 124-21.6 17.2 ®.4-241 147 10.6 - 18.8
Men and women without diabetes 2.6 2.0-3.1 2.2 1.7-2.6 2.1 E 1.7-2.5 2.1 1.7-2.6
Men without diabetes 3.1 24-37 2.5 2.0-3.0 2.3 v1.8-2.8 24 1.8-2.9
]
Women without diabetes 2.1 1.7-2.5 1.9 1.5-23 1.9 g 1.5-2.2 1.9 1.5-23
Minor amputation ;
(@]
3
<
(_§
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Men and women with diabetes
Men with diabetes

Women with diabetes

Men and women without diabetes
Men without diabetes

Women without diabetes

29.0
39.6
19.0
2.1
2.7
1.6

21.7-36.4
30.9-48.4
13.1-25.0
1.6-2.6
2.1-33
1.2-2.0

BMJ Open

25.5
35.9
15.6
1.7
2.1
1.4

19.4-31.6
28.1-43.6
11.1-20.2
1.3-2.1
1.6-2.6
1.0-1.7

25.7
34.9
17.0
1.9
2.1
1.8

umooﬁzozlsnﬁnv LT U0 9E810-0202-uadolw
= o

1
N A W
Do =
o o W

%1.2 227
S16-25
07-2.8

28.9
39.8
18.6
1.7
1.9
1.4

33

22.0-35.8
31.7-47.9
12.8-24.4
1.3-2.1
1.5-24
1.1-1.8
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Figure 1. Results of sex- and age-stratified analyses:
(A) number of major lower limb amputation (LLA); (B) number

Major LLA counts
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for time trend
(Poisson model)

Rate per 100,000person-years
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Fig.2-A Time trend of age- and sex- standardized major amputation rate.
Solid lines, people with diabetes; dashed lines, people without diabetes;
circles, men and women; squares, men; triangles, women .

. . . BMJOpen .
Figure 2. Time trend of age- and sex- standardized amputation rate:

(A) major amputation; (B) minor amputation
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P=0.63
for time trend
(Poisson model)

O
Fig.2-B  Time trendf age- and sex- standardized minor amputation rate
Solid lines, people W@h diabetes; dashed lines, people without diabetes;
circles, men and womgn; squares, men; triangles, women .
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BMJ Open

Supplementary Table S1 Diagnostic codes of diabetes.
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Diagnosis in English BMJ Open
Type 1 diabetes mellitus

Brittle diabetes

SPIDDM - [Slowly progressive insulin-dependent
diabetes mellitus]

Type 1 diabetic coma

Type 1 diabetes mellitus with coma

SPIDDM with coma - [Slowly progressive insulin-
dependent diabetes mellitus]

Hypoglycemia in the context of type 1 diabetes
mellitus

Diabetic ketoacidosis in type 1 diabetes mellitus
Type 1 diabetes mellitus with ketoacidosis

SPIDDM with ketoacidosis - [Slowly progressive
insulin-dependent diabetes mellitus]

Fulminant type 1 diabetes mellitus

Diabetic ketoacidosis in type 1 diabetes mellitus
Type 1 diabetic acetone hyperlipoproteinemia
Type 1 diabetic nephropathy

Type 1 diabetes mellitus with diabetic nephropathy
Type 1 diabetic nephropathy phase 1

Type 1 diabetic nephropathy phase 2

Type 1 diabetic nephropathy phase 3

Type 1 diabetic nephropathy phase 3A

Type 1 diabetic nephropathy phase 3B

Type 1 diabetic nephropathy phase 4

Type 1 diabetic nephropathy phase 5

ICD-10 Bode
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diagnosis code
2500014
2500027

8844022

8830030
8841679

8844026

8845065
8830028

8841680

8844025

8844045
8845044
8845045
8830031
8841681
8843983
8843984
8843985
8843986
8843987
8843988
8843989

Page 38 of 59


http://bmjopen.bmj.com/

Page 39 of 59

oNOYTULT D WN =

T 1ABERTE - BA

s &
9?%
i
o
F
5
i

[

e
o

PR A L E

PERE AN A

I3 P B IEE

I IRADHES Y

T 1M B ATV i

UHEPRIR - IRAOHE S

I 3 H

-

HA:

G
G
*

:

[

-

HA:

il

e
N

g E A A A

—~ 3 3

Hfh

&«

=
]

~

-

HA:

*l:l
PER

ST
JRPEREBSE « 1 ROBEIR

A
%ﬁ%

=+
\'[_]J?;F
=

N

HAZ

¥
¥

E%ﬁ
Hﬁﬂﬂtf“ﬁﬁ

I

:

i+ 0

4

[

*

—

%ﬁ@@ﬁﬁf

::L‘_‘D/\a’:‘_‘

I

T e R e s L A e ]

=
¥ HHE XN
cEEEE

E

H

.

T

[
i
2
[

E:a
*

BEPRIA - MRS PHESD 1

FEARTETT 1 BUBEIRI - #RR TR0
OHESH
1 DK R Jp3 M 7 ZE M e
1 FRUHE R 3 P Ao 08 TR M s
1 BOHE R I PE R e

BMJ Open

SPIDDM with nephropathy - [Slowly progressive
insulin-dependent diabetes mellitus]

Type 1 diabetic nephrosclerosis

Type 1 diabetic kidney failure

Type 1 diabetic retinopathy

Type 1 diabetes mellitus with eye complication

Type 1 diabetic macular edema

SPIDDM with eye complication - [Slowly progressive
insulin-dependent diabetes mellitus]

Type 1 diabetic cataracts

Proliferative diabetic retinopathy, type 1 diabetes

Type 1 diabetic macular disease

Type 1 diabetic eye muscle paralysis

Type 1 diabetic iritis

Type 1 diabetic central retinopathy

Type 1 diabetic neuropathy

Type 1 diabetes mellitus with neurological
complications

SPIDDM with neurological complications - [Slowly
progressive insulin-dependent diabetes mellitus]
Type 1 diabetic muscular atrophy

Type 1 diabetic neuropathic bladder

Type 1 diabetic neuralgia
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8844028

8845058
8845059
8830033
8841682
8843982

8844024

8844346

8844536
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8845049
8845053
8845064
8830032

8841683

8844027

8845050
8845055
8845056


http://bmjopen.bmj.com/

oNOYTULT D WN =

1 BUBE PRI ME B AR = 2 —a X
F

1 BEPRIR S I = o — 1 3 F—
1 BRI = = — 1 N TF—

1 BB R I M AR A P AR 2

1 BFERIA - RIETEER G OHE® D
1 B R I PR B

f)’i‘ RAEAT 1 BOBE IR - RATEER &

1 ?&*J*‘J: T f@&%ﬁﬂﬁ?ﬁﬁﬁf
1 TR PRp PR AR A 1f. e
1 TR PRAp PR A 1fn. A P 7
1 ABEIRI - BIER S OFED v
1 BUBERR I - BEPRIRVES DFIED v
REARIEST 1 IR - PIEI A& OFE
o)
1 A RIR MO
1 FRUHE PRI PE TR IR PR A A L
1 OB PRI VAT

ﬁ_

BMJ Open

Type 1 diabetic autonomic neuropathy

Type 1 diabetic polyneuropathy

Type 1 diabetic mononeuropathy

Type 1 diabetic peripheral neuropathy

Type 1 diabetes mellitus with peripheral circulation
complications

Type 1 diabetic gangrene

SPIDDM with peripheral circulation complications -
[Slowly progressive insulin-dependent diabetes
mellitus]

Type 1 diabetic ulcer

Type 1 diabetic vascular disease

Type 1 diabetic atherosclerosis

Type 1 diabetic arterial occlusion

Type 1 diabetic peripheral vascular disease

Type 1 diabetic peripheral vascular disease

Type 1 diabetes mellitus with joint complications
Type 1 diabetes mellitus with diabetic complications
SPIDDM with joint complications - [Slowly
progressive insulin-dependent diabetes mellitus]
Type 1 diabetic blister

Type 1 diabetic edematous sclerosis

Type 1 diabetic liver injury
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Type 1 diabetic arthropathy
Type 1 diabetic hypercholesterolemia

Type 1 diabetic osteopathy

Type 1 diabetic mental disorder

Type 1 diabetic pruritus

Type 1 diabetic skin disorder

Type 1 diabetic gastroenteritis

Type 1 diabetes mellitus with multiple diabetic
complications

SPIDDM with multiple diabetic complications -
[Slowly progressive insulin-dependent diabetes
mellitus]

Type 1 diabetes mellitus without diabetic
complecations

SPIDDM without diabetic complications - [Slowly
progressive insulin-dependent diabetes mellitus]
Insulin resistant diabetes mellitus

Type 2 diabetes mellitus

Stable diabetes mellitus

Juvenile type 2 diabetes

Type 2 diabetic coma

Type 2 diabetes mellitus with coma
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Hypoglycemic coma in the context of type 2 diabetes
mellitus
Type 2 diabetic ketoacidosis

Type 2 diabetes mellitus with ketoacidosis

Type 2 diabetic acidosis

Type 2 diabetic acetone hyperlipoproteinemia
Type 2 diabetic nephropathy

Type 2 diabetes mellitus with diabetic nephropathy
Type 2 diabetic nephropathy phase 1

Type 2 diabetic nephropathy phase 2

Type 2 diabetic nephropathy phase 3

Type 2 diabetic nephropathy phase 3A

Type 2 diabetic nephropathy phase 3B

Type 2 diabetic nephropathy phase 4

Type 2 diabetic nephropathy phase 5

Type 2 diabetic nephrosclerosis

Type 2 diabetic kidney failure

Type 2 diabetic retinopathy

Type 2 diabetes mellitus with eye complications
Type 2 diabetic macular edema

Type 2 diabetic cataracts

Proliferative diabetic retinopathy, type 2 diabetes
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8841690

8845073
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8841691
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8843995
8843996
8843997
8845087
8845088
8830045
8841692
8843990
8844347

8844537
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Type 2 diabetic macular disease
Type 2 diabetic eye muscle paralysis
Type 2 diabetic iritis

Type 2 diabetic central retinopathy
Type 2 diabetic neuropathy

Type 2 diabetic myopathy

Type 2 diabetes mellitus with neurological

complications

Type 2 diabetic muscular atrophy
Type 2 diabetic neuropathic bladder
Type 2 diabetic neuralgia

Type 2 diabetic autonomic neuropathy

Type 2 diabetic polyneuropathy
Type 2 diabetic mononeuropathy
Type 2 diabetic peripheral neuropathy

Type 2 diabetes mellitus with peripheral circulation

complications

Type 2 diabetic gangrene

Type 2 diabetic ulcer

Type 2 diabetic vascular disease
Type 2 diabetic atherosclerosis
Type 2 diabetic arterial occlusion

Type 2 diabetic peripheral vascular disease
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Type 2 diabetic peripheral vascular disease

Type 2 diabetes mellitus with joint complications
Type 2 diabetes mellitus with diabetic complications
Type 2 diabetic blister

Type 2 diabetic edematous sclerosis

Type 2 diabetic liver injury

Type 2 diabetic arthropathy

Type 2 diabetic hypercholesterolemia

Type 2 diabetic osteopathy

Type 2 diabetic mental disorder

Type 2 diabetic pruritus

Type 2 diabetic skin disorder

Type 2 diabetic gastroenteritis

Type 2 diabetes mellitus with multiple diabetic
complications

Type 2 diabetes mellitus without diabetic
complecations

Malnutrition-related diabetes mellitus
Pancreatic diabetes mellitus

Steroid diabetes mellitus

Secondary diabetes mellitus

Viral diabetes mellitus

Drug-induced diabetes mellitus
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Viral diabetes mellitus with coma
Pancreatic diabetes mellitus with coma
Steroid diabetes mellitus with coma
Secondary diabetes mellitus with coma
Drug-induced diabetes mellitus with coma

Viral diabetes mellitus with ketoacidosis

Pancreatic diabetes mellitus with ketoacidosis

Steroid diabetes mellitus with ketoacidosis

Secondary diabetes mellitus with ketoacidosis

Drug-induced diabetes mellitus with ketoacidosis

Viral diabetes mellitus with renal complications
Pancreatic diabetes mellitus with renal complications
Steroid diabetes mellitus with renal complications
Secondary diabetes mellitus with renal complications
Drug-induced diabetes mellitus with renal
complications

Viral diabetes mellitus with eye complications
Pancreatic diabetes mellitus with eye complications
Steroid diabetes mellitus with eye complications
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8843120
8843375
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Secondary diabetes mellitus with eye complications
Drug-induced diabetes mellitus with eye complications

Viral diabetes mellitus with neurological complications

Pancreatic diabetes mellitus with neurological
complications

Steroid diabetes mellitus with neurological
complications

Secondary diabetes mellitus with neurological
complications

Drug-induced diabetes mellitus with neurological
complications

Viral diabetes mellitus with peripheral circulatory
complications

Pancreatic diabetes mellitus with peripheral circulatory
complications

Steroid diabetes mellitus with peripheral circulatory
complications

Secondary diabetes mellitus with peripheral circulatory
complications

Drug-induced diabetes mellitus with peripheral
circulatory complications

Viral diabetes mellitus with diabetic complications
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8843128
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Pancreatic diabetes mellitus with diabetic
complications

Steroid diabetes mellitus with diabetic complications

Secondary diabetes mellitus with diabetic
complications

Drug-induced diabetes mellitus with diabetic
complications

Viral diabetes mellitus with multiple diabetic
complications

Pancreatic diabetes mellitus with multiple diabetic
complications

Steroid diabetes mellitus with multiple diabetic
complications

Secondary diabetes mellitus with multiple diabetic
complications

Drug-induced diabetes mellitus with multiple diabetic
complications

Viral diabetes mellitus without diabetic complications

Pancreatic diabetes mellitus without diabetic
complications

Steroid diabetes mellitus without diabetic
complications
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Secondary diabetes mellitus without diabetic
complications

Drug-induced diabetes mellitus without diabetic
complications

Diabetes mellitus

Diabetic complications

Diabetic coma

Hypoglycemic coma in the context of diabetes mellitus
Diabetic acidosis

Diabetic acetonemia

Diabetic ketoacidosis

Diabetic nephropathy

Diabetic renal failure

Diabetic nephrosclerosis

Diabetic iritis

Diabetic central retinopathy

Diabetic cataract

Proliferative diabetic retinopathy

Diabetic maculopathy

Diabetic retinopathy

Diabetic ophthalmoplegia

Diabetic macular edema

Diabetic neuralgia

Diabetic peripheral neuropathy
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2502006
8838076
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8838071
2504004
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2504010
2504012
2504013
8838065
8844089
2505011
2505018
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Diabetic muscular atrophy
Diabetic neuropathic bladder
Diabetic autonomic neuropathy
Diabetic polyneuropathy
Diabetic mononeuropathy
Diabetic neuropathy

Diabetic foot lesion

Diabetic neuropathic pain
Diabetic gangrene

Diabetic arterial occlusion
Diabetic ulcer

Diabetic angiopathy

Diabetic arteriosclerosis
Diabetic peripheral vascular disease
Diabetic peripheral vascular disease
Diabetic foot gangrene
Diabetic foot ulcer

Diabetic arthropathy

Diabetic skin disorders
Diabetic liver injury

Diabetic hypercholesterolemia
Diabetic osteopathy

Diabetic mental disorder
Diabetic pruritus
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Diabetic blister
Diabetic edematous sclerosis
Hyperglycemia hyperosmolarity syndrome
Diabetes mellitus without diabetic complications
Hypoglycemic coma not in the context of diabetes
mellitus
Levulosuria
Essential levulosuria
Benign levulosuria
Renal glycosuria
Bronze diabetes mellitus
Secondary diabetes after pancreatectomy
Pregnancy with type 1 diabetes

fith type 2 diabetes
Pregnancy diabetes mellitus
Overt diabetes in pregnancy
Impaired glucose tolerance in pregnancy
Gestational diabetes maternal syndrome
Diabetes maternal infant
Neonatal transient diabetes mellitus
Neonatal diabetes mellitus
Neonatal transient hyperglycemia
Borderline type diabetes mellitus
Impaired glucose tolerance
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8839324

8831401
8840104
8841021
2714002
8835941
8835685
8830029
8830039
6489003
8838621
8838619
8838633
8838081
7751001
7751002
8844233
2500031
2713009
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Chemical diabetes mellitus
Latent diabetes mellitus
Pre-diabetes mellitus
Hyperglycemia

Transient diabetes mellitus
L-Xylulosuria
Hypoglycemic glycosuria
Dietary glycosuria
Emotional glycosuria
Euglycemic glycosuria
Glycosuria
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7915002
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8833420
8834843
8835464
8835871
8838062
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Supplementary Table S2 Codes of antidiabetic medications
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=

COC

Types of Medicine codes g
antidiabetic ‘f;
medication )
Sulfonylureas 610412056, 610443002, 610443003, 613960002, 613960003, 613960008, 613960017,

613960026,613960027,613960028,613960038,613960039,613960078,620000048,?
620002031,620002032,620003159,620003160,620003947,620003948,620006030,5
620006890,620009209,620871601,620872002,620872003,620872004,620872009,%
620872016,620873202,620873301,620873402,620873702,621982701,621997001,%
621997101,621998701,621998801,621998901,621999001,621999301,621999401;?
621999701,621999801,622000601,622000701,622001701,622001801,62200470L§_
622004801, 622005501, 622005601, 622005802, 622009802, 622009901, 622010001,
622011401,622011501,622011601,622011701,622013401,622013501,622013601&_
622016001,622016101,622017301,622017401,622017501,622017901,622018001,%
622018802,622020903,622021003,622021801,622021901,622022001,622022101,%
622023501,622023601,622025201,622025301,622025801,622025901,622026501;?
622026601, 622029901, 622030001, 622031401, 622031501, 622033001, 622033101,
622033201, 622033701, 622033801, 622035701, 622035801, 622036002, 622037901,
622038001,622039901,622048401,622048501,622058801,622058901,622059002%
622059102, 622075601, 622088301, 622088401, 622103201, 622114701, 622114801,
622118501,622122201,622122301,622127301,622127401,622127501,622128101,;
622137701, 622141101, 622141302, 622143402, 622144001, 622159301, 622169102,3
622169301,622176301,622177501,622186201,622187301,622190001,622190801,%
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%
1 N
2 2
z 622193301,622194901,622198001,622202201,622202801,622205101,622205501,%
5 622208901, 622211501, 622217701, 622219701, 622221001, 622222001, 622242001, 5
? 622246801,622252501,622254701,622271101,622271201,622271301,622313200,§
8 622313300, 622338501, 622338601, 622338701 é
?O Meglitinides 622462501,622462401,620001908,620001907,622053601,622040901,622041001,%
11 610432026,610432027,622196601,622119301,622230001,622196701,622119401,;
1; 622230101,610432032,610432033,622518201,622525401,622515301,622523401,%
14 622521001, 622518101, 622525301, 622515201, 622523301, 622520901 é
12 a-glucosidase 610406390,620002841,620002843,620004045,620004072,620004071,620008727,?
17 inhibitors 620008726,621665301,621683401,621673501,621691201,622090001,621689303,i
12 621689001,621690402,621690901,621690203,620002120,620004069,620005557;§
;? 620005558,620005559,620005560,620005561,620008071,620008072,620008073,?
22 621953301,621943301,620009287,621896502,622008602,620009286,621896402@
23 622008502,620009296,620009294,620009293,622302301,620009297,621958801%§
;g 620005360,621785002,621942202,620009295,620009291,620009289,620009288,%
26 622302201,620009292,621958701,620005359,621784902,621942102,620009290,§
;é 621937201,621937101,613960082,613960081,622053601,622432501,622426601;§
29 622426701,620003127,620003128,620003129,620002121,610406391,621953401,5
;? 620004046,620004070,620005562,620008074,620005563,620005564,620005565,%
;; 620008075,620005566,621943401,620008076,620004073,620002845,621690303;5r
34 620008729,620008728,620004074,621689403,621689101,621691001,621691601,i
35 621665401, 621683501, 620002847, 622090101, 621690502, 621673601 ?
;? Biguanides 622517101,622450401,622450301,620004480,620004502,620005979,610463145,?
22 621986401,621986301,610444147,621974701,622242501,622070801,621676001,%
a $

e
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122

2

620005570, 622427201, 622421901, 622424401, 622421101, 622412701, 622438401
622417101, 622432601, 622436301, 622427301, 622422001, 622424501, 622421201,
622448601, 622438501, 622417201, 622432701, 622466601

V=

Thiazolidinediones

1snBNY /T U0 Qe+0l
+ 12 JCV oV

621990901, 621991001, 610432040, 610432041, 622048501, 622048401, 622065301,
622061601, 622041402, 622155901, 622063201, 622156901, 622144601, 622167201,
622045401,622159401,622056001,622147501,622175601,622071901,622065401,%
622061701, 622041502, 622156001, 622063301, 622157001, 622144701, 622167301,
622045501,622159501,622056101,622147601,622175701,622072001,622320800,§
622320900,622065101,622042901,622061401,622166801,622182401,622041202,%
622079101, 622155701, 622063001, 622066201, 622164301, 622062302, 622047701,
622049901, 622046801, 622163301, 622053101, 622081801, 622059201, 622045201,
622053801, 622055801, 622147301, 622078301, 622175401, 622071701, 622065201,
622043001, 622061501, 622166901, 622182501, 622041302, 622079201, 622155801,
622063101, 622066301, 622164401, 622062402, 622047801, 622050001, 622046901,
622163401, 622053201, 622081901, 622059301, 622045301, 622061001, 622055901,
622147401, 622078401, 622175501, 622071801, 621986401, 621986301, 622086101,
622086001

COC

1UAAO.
T o

o

T

v

Dipeptidyl
peptidase-4
inhibitors

621950901, 621951001, 621951101, 621970601, 621970701, 621970801, 621980701,
621986001, 621986101, 621986201, 622086001, 622086101, 622093501, 622182601,
622201701, 622245601, 622245701, 622277501, 622288401, 622415401, 622415501,
622448901, 622449001, 622450301, 622450401, 622517101

5

Lo +z0z ‘nzlindvy uo IIlIn’\'rIIIr‘I'IIadnflllq/ll'dnq Lol

VUG UG 1T

(@

Sodium glucose
cotransporter 2
inhibitor

622340101, 622360601, 622401201, 622401301, 622306601, 622306701, 622336801,
622342001, 622341901, 622335701, 622335801
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Rapid-acting

insulin

621911101, 621911301, 621911201, 620008895, 621926901, 622252701, 620008893,
620008894, 620008916, 640451027, 620007460

122

Short-acting

insulin

620008897, 620000265, 620008909, 620008907, 622114401

=

Long-acting

622440701, 620008945, 620008943, 620007536, 622198901, 622199001, 622410901,

TZ7n715NBNY /T U0 0C+H0k
TCUGCH v T JCV oV

2

2

£

o

=T

insulin 622484801, 622411001, 621927001, 620008952, 620008953
Immediate-acting | 620000266, 620008912, 620008910, 622114501, 620002441, 620007459 :
insulin é
Premixed insulin | 620002439, 620007461, 620002440, 620007462, 620008915, 620008913, 6221 14601,%
620000269, 620000448, 620008896, 621973201, 621973301, 640453023 ]
Combination- 622451001, 622450901 El
acting insulin é
Glucagon-like 622038401, 622038301, 621974801, 622229001, 622406001, 622267001, 622442201 §

peptide-1 receptor
agonist

o
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Supplementary Table S3  Amputation codes

BMJ Open

Medical procedure receipt codes (in Japan)

Major LLA

above-knee/transfemoral amputation
below-knee/transtibial amputation
Hindquarter amputation/ Hip disarticulation
through-knee amputation

Minor LLA

Foot amputation, trans-metatarsal amputation,
Lisfranc disarticulation

Foot joint disarticulation

Finger and toe amputation

Finger and toe joint disarticulation

150051610
150051710
150052210
150052310

150051810
150052610
150051910
150052710
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1 N
o
’ -
i Supplementary Table S4  The population of Japanese national census (2015) %
6 S
7 Age Age Age >
g group, total men women  group, total men women  group, Etotal men women
10 years years years S
11 =
12 04 4,987,706 2,550,921 2,436,785 35-39 8,316,157 4,204,202 4,111,955 70-74 5,695,811 3,582,440 4,113,371
12 5-9 5,299,787 2,714,591 2,585,196 40-44 9,732,218 4,914,018 4,818,200 75-79 ?276,856 2,787,417 3,489,439
15 10-14 5,599,317 2,868,024 2,731,293 45-49 8,662,804 4,354,877 4,307,927 80-84 @,961,420 1,994,326 2,967,094
16 =
17 15-19 6,008,388 3,085,416 2,922,972 50-54 7,930,296 3,968,311 3,961,985 285 9,887,487 1,461,624 3,425,863
B 20-24 5,968,127 3,046,392 2,921,735 55-59 7,515,246 3,729,523 3,785,723 Total 1%,094,745 61,841,738 65,253,007
20 25-29 6,409,612 3,255,717 3,153,895 60-64 8,455,010 4,151,119 4,303,891 g
o
. 30-34 7,290,878 3,684,747 60-65 9,643,867 4,659,662 4,984,205 3
23 El
24 g
25 3
26 S
27 1
28 =
29 3
30 N
31 IN
32 <
33 Q
34 4}
35 T
36 %
37 T
38 2
39 <
40 3
4 E
42 =
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ABSTRACT

Introduction: This study was conducted to investigate the incidence and time trend of

lower limb amputation (LLA) among people with and without diabetes.

Research design and methods: This retrospective population-based cohort study was
based on the national claims data in Japan, comprising a total population of 150 million.
Data of all individuals who had LLA from April 2013 to March 2018 were obtained. We
analyzed the sex- and age-adjusted annual LLA rate (every fiscal year) in people with and
without diabetes for major and minor amputation. To test for time trend, Poisson

regression models were fitted.

Results: In the 5-year period, 30,187 major and 29,299 minor LLAs were performed in
Japan. The sex- and age-adjusted incidence of major and minor LLAs was 9.5 (people
with diabetes, 21.8 vs. people without diabetes, 2.3, per 100,000 person-years) and 14.9
(people with diabetes, 28.4 vs people without diabetes, 1.9, per 100,000 person-years)
times higher, respectively, in people with diabetes compared to those without. A
significant decline in the annual major amputation rate was observed (p <0.05) and the
annual minor amputation rate remained stable (p = 0.63) when sex, age, and people with

and without diabetes were included as dependent variables.

Conclusions: This is the first report of the national statistics of LLAs in Japan. The
incidence of major and minor LLAs was 10 and 15 times higher, respectively, in people
with diabetes compared to those without. A significant decline in the major amputation
rate was observed, and the annual minor amputation rate remained stable during

observation period. This information can help create an effective national healthcare
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strategy for preventing limb amputations, which affect the quality of life of patients with

diabetes and add to the national healthcare expenditure.

Keywords: amputation, cohort study, diabetes mellitus
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Strengths and limitations of this study

This is the first report of the national statistics of lower limb amputations (LLAs)
among people with and without diabetes.

This retrospective cohort study was based on the National Database (NDB) in Japan,
comprising almost all patients in Japan.

Considering the definition of minor amputation, we could not distinguish between finger
and toe amputations because of the coding system of the NDB.

The detailed medical information and parameters of each patient, including glycated
hemoglobin, body weight, smoking history, and family history, could not be reviewed
because of the nature of the database.

However, NDB is a comprehensive survey and the likelihood of selection bias is relatively
small; we adjusted for sex and age when comparing the LLA rates of people with and
without diabetes.
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INTRODUCTION

The objectives of diabetes management are to reduce the metabolic dysfunction that
occurs because of hyperglycaemia, to prevent the development or progression of diabetes-
related complications and conditions, and to enable the affected individuals to maintain
their quality of life and life expectancy like healthy individuals [1]. Vascular and
neurological complications of diabetes can considerably influence lower limb amputation
(LLA) [2-4]. Previous studies have shown that diabetes increases the risk of LLA,
although there were considerable variations in its incidence among people with diabetes
[5]. It is important to understand the incidence rates of LLA in diabetic and nondiabetic
populations to further improve the care of patients with diabetes and to avoid fatal
outcomes, particularly regarding decisions associated with health policy and the economy

[4,5].

Among patients with diabetes, besides major LLAs (e.g., amputation proximal
to the ankle joint), there may be many minor LLAs (e.g., amputation through the ankle
joint and toe amputation) [6]. Major amputations have severe detrimental impact on
physical integrity, but minor amputations should also be prevented. Given the increasing
incidence of diabetes, not only major LLAs but also minor LLLAs impose a burden on the
healthcare system. With significant ageing of the population, the number of patients with
diabetes in Japan continues to increase [7]. Therefore, it is important to understand the
association of age with the total incidence of each major and minor LLA. However, no
large-scale community-based surveys on the incidence of LLA among people with and
without diabetes in Japan have been conducted. We aimed to investigate the incidence of

LLAs in Japan and compare the age-adjusted incidence of LLA between people with and
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without diabetes. We also analysed the time trend based on data obtained from the
National Database of Health Insurance Claims in Japan. To the best of our knowledge,

this study is the first to evaluate the LLA rate in Japan based on a nationwide dataset.

METHODS

Study design and population

This population-based, retrospective cohort study was based on the National Database
(NDB) dataset and was approved by the ethics committee of Nara Medical University
(approval no. 1123-5). The use of NDB dataset was approved by the Ministry of Health,
Labor and Welfare, and the need for informed consent was waived in view of the study
design. In this study, not only patients with LLA, but also the general public are included.

All civilian and patient data were anonymised before analysis.

The study cohort comprised individuals enrolled in the NDB; all civilian and
patient data were anonymised. Japan has a universal public healthcare system, and the
NDB includes almost all patients in Japan. However, people whose family names changed
due to marriage or divorce and people whose insurance changed due to social
circumstances are also counted as other individuals. Approximately 2% of the people on
welfare were not included in this study because they were not covered by the insurance
programme. The NDB data provided information on personal identifiers [8], date, age
group, sex, description of the medical procedures conducted, the World Health
Organization International Classification of Diseases diagnosis codes, medical care

received, medical examinations conducted (not including test results), and prescribed
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drugs, which were independent of the doctor’s or patient’s reports [9]. Drug information
included the prescription amount, brand name, generic name, dosage, and the number of
days for which the medicine was prescribed. The age recorded in this study was age at
the time of the last treatment during the study period or the patient’s age when LLA was

performed.

We designed this cohort study to include all the data of LLA patients collected

between April 2013 and March 2018 in the analysis.

Criteria for diagnosing diabetes

We defined patients with diabetes as individuals who had any of the diagnosis codes
associated with diabetes and those who were prescribed diabetes medication at least once
in the past 5 years. The diagnosis and medicine codes for diabetes are the same as those
reported previously [9] and are presented in Supplementary Tables S1 and S2,
respectively. We included all patients with any type of diabetes. In Japan, the indication
for metformin is limited to type 2 diabetes patients, and prescriptions for obese people
and for women with polycystic ovary syndrome patients are not permitted. Patients on

dietary or exercise management without antidiabetic medication were excluded.

Definition of LLA

The medical procedure receipt codes (as LLA codes) are shown in Supplementary Table
S3. We defined major LLAs as the use four medical procedure receipt codes proximal to
the ankle joint, as follows: above-knee/transfemoral amputation, below-knee/transtibial
amputation, hindquarter amputation/ hip disarticulation, and through-knee amputation. In

the Japanese medical code, the amputation of fingers and toes is indicated by the same
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code, and it is impossible to distinguish between them. Therefore, we defined minor LLA
as through-foot amputation, trans-metatarsal amputation and Lisfranc disarticulation,
finger and toe amputation, and finger and toe joint disarticulation. The primary outcome
was the first occurrence of each major or minor LLA in the study period. If the first major
LLA occurred during the observation period, its observation was terminated at that time.
Similarly, if the first minor LLA occurred during the observation period, its observation
was terminated at the time. Therefore, even when the major and minor LLAs occurred
many times in the same person during the 5-year study period, we counted only the first
major and minor LLAs. Moreover, even if a minor LLA occurred, the major LLA
observation was continued such that the incidence of the major LLA was not

underestimated.

Statistical analyses

We defined the duration between the first occurrence of the medical treatment code or
drug code and the last occurrence as the risk period. To calculate the incidence of LLA,
the denominator included all the observation populations of each group, extracted from
the NDB dataset. LLA rates are presented as the number of amputations per 100,000
person-years. To compare the LLA incidence rates between people with and without
diabetes, the incidence rates were evaluated after adjusting for sex and age using the direct
method, i.e., the sex and age structure of Japan’s national census in 2015 (Supplementary
Table S4). We included age-adjusted standardised incidence of LLA for all ages.
Furthermore, the relative risk (RR) of LLA among people with diabetes was calculated
by dividing amputation rates among people with diabetes by amputation rates among

those without diabetes.
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We used Microsoft SQL Server for our data processing and univariate analysis, and used
IBM SPSS for Windows (version 25.0; IBM, Armonk, NY, USA) for our multivariate

analysis.

Annual standardized major and minor LLAs were analysed from 2013 to 2016 fiscal year.
2017 was excluded because the observation period in 2017 was shorter than other years,
and the denominator was smaller, which could overestimate the LLA rate. To test for time
trends, we fitted Poisson regression models for major or minor amputation rate using year
of outcome (difference from the first fiscal year 2013 as an ordinal variable), age and sex,
and the population with and without diabetes as independent variables. All models were

adjusted for over-dispersion using a dispersion parameter.

RESULTS

Population included in the NDB and the diabetic population

Of the 150,328,339 people (186,819,100,972 person-days) included in the NDB,
9,962,459 had diabetes, which accounted for 6.6% of the total sample (Table 1). In the
subgroups of men and women, the proportion of diabetic patients was higher in the elderly

group (age >65 years).

Incidence of LLASs

Major LLAs occurred in 30,187 people, whereas minor LLLAs occurred in 29,299 people

in the 5-year period. In Japan, a new major and minor LLA occurred in approximately
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6,000 individuals per year. Table 2 shows the characteristics of LLA patients stratified
into subgroups of people with and without diabetes. Figures 1A and 1B show the sex and
age composition of the patient population with major and minor LLAs. In the overall
study population, the incidence of LLA was higher among men than in women. Patients
with diabetes accounted for 58% and 66% of the total major and minor LLAs,
respectively; the highest number of LLAs in men were performed around 65-84 years of
age, whereas, in women, the number was significantly associated with age. Therefore,

most amputations occurred in the elderly population.

Age-adjusted incidence rate

Throughout the observation period, the major amputation risk was 9.5 times higher in
people with diabetes compared with people without diabetes (people with diabetes, 21.8
vs. people without diabetes, 2.3, per 100,000 person-years); the minor amputation risk
was also 14.9 times higher among people with diabetes (people with diabetes, 28.4 vs.
people without diabetes, 1.9, per 100,000 person-years) (Table 3). This difference was
particularly pronounced in minor amputations than major amputations. Additionally, the

RR was higher in men than in women.

Time trend

We observed a significant decrease in the major amputation rate in the general population,
from 5.5 per 100,000 person-years in 2013 to 4.4 in 2016 (p <0.05, for time trend, Poisson

model). The major amputation rate decreased among people with (2013:22.8; 2016:20.0)
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and without diabetes (2013:2.6; 2016: 2.1). In detail, there was a little change among men
with diabetes and a decreasing trend in women with diabetes for major amputation.

Furthermore, both men and women without diabetes showed a decreasing trend.

In contrast, the minor amputation rate remained stable in the general population, from
5.6 per 100,000 person-years in 2013 to 4.7 in 2016 (p =0.63, for time trend, Poisson
model). The minor amputation rate remained stable among people with (2013:29.0;

2016:28.9) and without diabetes (2013 2.1; 2016: 1.7) (Table 4, Figure 2).

Patient and public involvement

No patient involved.
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DISCUSSION

The NDB is a comprehensive database of health insurance claims that are covered by the
Japanese National Health Insurance system. Japan has universal health coverage, with
local governments providing healthcare payments for approximately 2% of the population
who are on welfare, with the exception of accidents (which is covered by automobile
liability insurance or worker’s accident compensation in a previous health insurance
plan); thus, the NDB is considered to be the representative of almost all health claims in
Japan [8,9]. Using information from the Japanese NDB dataset, we conducted cohort
studies that comprised almost all LLAs in Japan during the study period. This is the first

report of LLAs across Japan.

Although several studies have analysed amputation risk in people with diabetes,
population-based and nationwide studies analysing amputation risk in populations with
and without diabetes are still limited. Additionally, study design such as definition and
counting LLA (counting all, counting only the first of the observation period, counting
only the first of each year), sex- and age- adjustment method (all ages or only specific
ages) were different significantly, so accurately comparing them is difficult. Considering
this, compared with the few previous studies that evaluated only the first amputation in
the observation period or each year to calculate the LLA incidence, LLA rates in the
general population of this study were much lower (e.g., 7.4—41.4 and 8.0-46.7 per
100,000 person-years in Europe and Australasia in 2010-2014, major and minor
amputation, respectively [10]; 7.8—13.2 per 100,000 person-years in OECD in 2000-2011,
major amputation [11]; in our study 4.8 and 5.0 per 100,000 person-years, major and

minor amputation, respectively). Herein, the LLA rates among people with diabetes were
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much lower than those of previous studies (e.g., 78-704 per 100,000 person-years in a
systematic review in 1990-2010, major amputation [5]; 7.8—13.2 per 100,000 person-
years in OECD in 2000-2011, major amputation [11]; in our study 21.8 and 28.4 per
100,000 person-years, major and minor amputation, respectively). There are several
explanations for the observed lower incidence of LLA in Japanese patients. First, the
Japanese population has a lower obesity rate than the Western population [12,13]. Second,
the incidence of cardiovascular disease is much lower in Japan [14]; this contributes to
lower risk for the progression of atherosclerosis, which is the most prevalent aetiology of

LLA.

In this study, the incidence of major and minor LLA was approximately 10 and 15
times higher, respectively, in people with diabetes compared to those without. Among
people with diabetes, both peripheral arterial disease and peripheral neuropathy can cause
foot ulceration and lower limb amputation. Strict chronic disease management (such as
plasma glucose, blood pressure, lipids, and renal failure control) is important to suppress
arteriosclerosis. Peripheral vascular disease is often not diagnosed in patients with
diabetes usually until the formation of a nonhealing ulcer. Therefore, identification of
patients with diabetes who are at high risk of ulceration is important and it can be achieved
through annual foot screening [2]. There is an emerging focus on lifestyle interventions
including weight loss and physical activity as well [15]. Further, in case of foot ulcer or
foot infection, many experts (diabetologists, vascular surgeons, orthopaedics,
interventional radiologists, infectious diseases specialists, specialised nurses, podiatrists,
and orthotic technicians) need to work together as a multidisciplinary team to prevent

LLA [16]. In Japan, foot care performed by trained nurses has been approved for medical
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insurance coverage since 2008 [17,18], and bypass surgery and endovascular treatment
have become significantly advanced [19,20]. Despite these efforts, our data indicate that
the risk of LLA in people with diabetes remained significantly higher than in people
without diabetes. This may be associated with the fact that despite the insurance coverage
of nurse-provided foot care, only few patients actually availed foot care services. The
medical expenses burden of LLA is large [21]. The LLA risk among people with diabetes
is much higher and, therefore, more diligent screening and management of the people
with diabetes are important to reduce the burden of quality-of-life reduction and the
national healthcare expenditure associated with LLA [22]. The high risk of LLA in people
with diabetes clarified in this study will help to develop national medical strategies such
as more specialised diabetes treatments including insulin and foot care, expansion of team
medical care, and establishment of educational programmes and activities for patient

empowerment.

In this study, a significant decline in the annual major amputation rate was
observed in Japan and the annual minor amputation rate remained stable. Our finding
concerning the time trend for major LLAs in people with and without diabetes is in line
with results from other international studies, which mainly demonstrated decreased
incidence of major LLAs. Major amputations decreased by 11.1% in 2005-2015 in the
general population of Germany [23]. A progressive decrease was observed for major
amputations among people with diabetes (-30.7%) and without diabetes (-12.5%) in
2001-2010 in Italy [24]. In detail, for major amputation, there was little change among
men with diabetes and a decreasing trend in women with diabetes and men and women

without diabetes in this study. These trends correspond to the findings of previous studies
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[23], but biological factors might be contributing to sex differences in amputation rates
[25,26]. However, the causes of the sex differences still need further research. Minor
amputations in people with and without diabetes had different trends in each country. A
significant but weaker decrease was observed for minor amputations in 2009-2013 in
Belgium (5% and 3%, people with and without diabetes) [27]. A relative increase of
+12.8% was observed for minor amputations in 2005-2011 in Germany [23]. Minor
amputations may indicate better quality of care as they maybe interventions to prevent
major amputations and salvage the lower extremities. A stable number of the total
amputations, or even an increase, may actually hide a higher number of minor vs. major

amputations, which in turn would indicate better performance [11].

A key strength of our study is that, by analysing data from the nationwide NDB
that encompasses almost the entire Japanese population, this study is the first to evaluate
the nationwide incidence of LLA in Japan. Nonetheless, this study has some limitations.
First, many similar studies investigated only the amputations related to peripheral arterial
disease or diabetes by excluding amputations due to trauma or malignancy using
diagnosis codes attached to the amputation episodes; it was technically impossible to
exclude amputations due to trauma or malignancy in this study. Second, in minor
amputation, we could not distinguish between finger and toe amputations because of the
coding system of the NDB. This means that the minor amputation rate reported in this
study is overestimated, although toe amputations are more than finger amputations. Third,
the total observable population of this study was approximately 150 million, although
Japan has a population of approximately 127 million. Even considering new births,

marriages, divorces, and changes in family names due to social circumstances, there could

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

BMJ Open

17

be slight deficits in the linking of the NDB. In the design of this study, at risk period was
set from the first insurance use date to the last insurance use date; therefore, even if one
person does have two IDs, it is not possible to count the same person more than once in
the same period. Since the LLA rate is also calculated by the person-year method, it is
considered that having two IDs does not affect the LLA rate. However, strictly speaking,
in very rare cases, it is possible to overestimate the incidence if two LLAs are performed
before and after the insurance change. Finally, the detailed medical information and
parameters of each patient, including glycated haemoglobin, body weight, smoking
history, and family history, could not be reviewed because of the nature of the database.
However, regarding smoking rate, which can be an important confounding factor, a
previous study in Japan reported no difference between the diabetes group and the general
population in terms of smoking status in sex- and age-stratified analyses [28].
Furthermore, NDB is a comprehensive survey and the likelihood of selection bias is
relatively small; additionally, we adjusted for sex and age while comparing LLA rates of
people with and without diabetes. Therefore, it is unlikely that the study results will be
significantly affected even if detailed medical information and parameters are considered

[29].

In conclusion, this is the first report of nationwide LLAs in Japan, and we found
that the incidence of major and minor LLLAs was 10 and 15 times higher, respectively, in
people with diabetes compared to those without diabetes. A significant decline in the
major amputation rate was observed and the annual minor amputation rate remained
stable during the observation period. This information can help create an effective

national healthcare strategy for preventing limb amputations, which affect the quality of
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life of patients with diabetes and add to the national healthcare expenditure.
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Figure legends

Figure 1. Results of sex- and age-stratified analyses: (A) number of major lower limb

amputation (LLA); (B) number of minor LLA.

Figure 2. Time trend of age- and sex- standardized amputation rate: (A) major amputation; (B)

minor amputation
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Figure 1. Results of sex- and age-stratified analyses:
(A) number of major lower limb amputation (LLA); (B) number
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Fig.2-A Time trend of age- and sex- standardized major amputation rate.
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Figure 2. Time trend of age- and sex- standardized amputation rate:
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Supplementary Table S1 Diagnostic codes of diabetes.
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Diagnosis in English BMJ Open
Type 1 diabetes mellitus

Brittle diabetes

SPIDDM - [Slowly progressive insulin-dependent
diabetes mellitus]

Type 1 diabetic coma

Type 1 diabetes mellitus with coma

SPIDDM with coma - [Slowly progressive insulin-
dependent diabetes mellitus]

Hypoglycemia in the context of type 1 diabetes
mellitus

Diabetic ketoacidosis in type 1 diabetes mellitus
Type 1 diabetes mellitus with ketoacidosis

SPIDDM with ketoacidosis - [Slowly progressive
insulin-dependent diabetes mellitus]

Fulminant type 1 diabetes mellitus

Diabetic ketoacidosis in type 1 diabetes mellitus
Type 1 diabetic acetone hyperlipoproteinemia
Type 1 diabetic nephropathy

Type 1 diabetes mellitus with diabetic nephropathy
Type 1 diabetic nephropathy phase 1

Type 1 diabetic nephropathy phase 2

Type 1 diabetic nephropathy phase 3

Type 1 diabetic nephropathy phase 3A

Type 1 diabetic nephropathy phase 3B

Type 1 diabetic nephropathy phase 4

Type 1 diabetic nephropathy phase 5
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SPIDDM with nephropathy - [Slowly progressive
insulin-dependent diabetes mellitus]

Type 1 diabetic nephrosclerosis

Type 1 diabetic kidney failure

Type 1 diabetic retinopathy

Type 1 diabetes mellitus with eye complication

Type 1 diabetic macular edema

SPIDDM with eye complication - [Slowly progressive
insulin-dependent diabetes mellitus]

Type 1 diabetic cataracts

Proliferative diabetic retinopathy, type 1 diabetes

Type 1 diabetic macular disease

Type 1 diabetic eye muscle paralysis

Type 1 diabetic iritis

Type 1 diabetic central retinopathy

Type 1 diabetic neuropathy

Type 1 diabetes mellitus with neurological
complications

SPIDDM with neurological complications - [Slowly
progressive insulin-dependent diabetes mellitus]
Type 1 diabetic muscular atrophy

Type 1 diabetic neuropathic bladder

Type 1 diabetic neuralgia
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8845058
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8830033
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8844346

8844536
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8841683

8844027
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Type 1 diabetic autonomic neuropathy

Type 1 diabetic polyneuropathy

Type 1 diabetic mononeuropathy

Type 1 diabetic peripheral neuropathy

Type 1 diabetes mellitus with peripheral circulation
complications

Type 1 diabetic gangrene

SPIDDM with peripheral circulation complications -
[Slowly progressive insulin-dependent diabetes
mellitus]

Type 1 diabetic ulcer

Type 1 diabetic vascular disease

Type 1 diabetic atherosclerosis

Type 1 diabetic arterial occlusion

Type 1 diabetic peripheral vascular disease

Type 1 diabetic peripheral vascular disease

Type 1 diabetes mellitus with joint complications
Type 1 diabetes mellitus with diabetic complications
SPIDDM with joint complications - [Slowly
progressive insulin-dependent diabetes mellitus]
Type 1 diabetic blister

Type 1 diabetic edematous sclerosis

Type 1 diabetic liver injury
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Type 1 diabetic arthropathy
Type 1 diabetic hypercholesterolemia

Type 1 diabetic osteopathy

Type 1 diabetic mental disorder

Type 1 diabetic pruritus

Type 1 diabetic skin disorder

Type 1 diabetic gastroenteritis

Type 1 diabetes mellitus with multiple diabetic
complications

SPIDDM with multiple diabetic complications -
[Slowly progressive insulin-dependent diabetes
mellitus]

Type 1 diabetes mellitus without diabetic
complecations

SPIDDM without diabetic complications - [Slowly
progressive insulin-dependent diabetes mellitus]
Insulin resistant diabetes mellitus

Type 2 diabetes mellitus

Stable diabetes mellitus

Juvenile type 2 diabetes

Type 2 diabetic coma

Type 2 diabetes mellitus with coma
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Hypoglycemic coma in the context of type 2 diabetes
mellitus
Type 2 diabetic ketoacidosis

Type 2 diabetes mellitus with ketoacidosis

Type 2 diabetic acidosis

Type 2 diabetic acetone hyperlipoproteinemia
Type 2 diabetic nephropathy

Type 2 diabetes mellitus with diabetic nephropathy
Type 2 diabetic nephropathy phase 1

Type 2 diabetic nephropathy phase 2

Type 2 diabetic nephropathy phase 3

Type 2 diabetic nephropathy phase 3A

Type 2 diabetic nephropathy phase 3B

Type 2 diabetic nephropathy phase 4

Type 2 diabetic nephropathy phase 5

Type 2 diabetic nephrosclerosis

Type 2 diabetic kidney failure

Type 2 diabetic retinopathy

Type 2 diabetes mellitus with eye complications
Type 2 diabetic macular edema

Type 2 diabetic cataracts

Proliferative diabetic retinopathy, type 2 diabetes
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Type 2 diabetic macular disease
Type 2 diabetic eye muscle paralysis
Type 2 diabetic iritis

Type 2 diabetic central retinopathy
Type 2 diabetic neuropathy

Type 2 diabetic myopathy

Type 2 diabetes mellitus with neurological

complications

Type 2 diabetic muscular atrophy
Type 2 diabetic neuropathic bladder
Type 2 diabetic neuralgia

Type 2 diabetic autonomic neuropathy

Type 2 diabetic polyneuropathy
Type 2 diabetic mononeuropathy
Type 2 diabetic peripheral neuropathy

Type 2 diabetes mellitus with peripheral circulation

complications

Type 2 diabetic gangrene

Type 2 diabetic ulcer

Type 2 diabetic vascular disease
Type 2 diabetic atherosclerosis
Type 2 diabetic arterial occlusion

Type 2 diabetic peripheral vascular disease
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Type 2 diabetic peripheral vascular disease

Type 2 diabetes mellitus with joint complications
Type 2 diabetes mellitus with diabetic complications
Type 2 diabetic blister

Type 2 diabetic edematous sclerosis

Type 2 diabetic liver injury

Type 2 diabetic arthropathy

Type 2 diabetic hypercholesterolemia

Type 2 diabetic osteopathy

Type 2 diabetic mental disorder

Type 2 diabetic pruritus

Type 2 diabetic skin disorder

Type 2 diabetic gastroenteritis

Type 2 diabetes mellitus with multiple diabetic
complications

Type 2 diabetes mellitus without diabetic
complecations

Malnutrition-related diabetes mellitus
Pancreatic diabetes mellitus

Steroid diabetes mellitus

Secondary diabetes mellitus

Viral diabetes mellitus

Drug-induced diabetes mellitus
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Viral diabetes mellitus with coma
Pancreatic diabetes mellitus with coma
Steroid diabetes mellitus with coma
Secondary diabetes mellitus with coma
Drug-induced diabetes mellitus with coma

Viral diabetes mellitus with ketoacidosis

Pancreatic diabetes mellitus with ketoacidosis

Steroid diabetes mellitus with ketoacidosis

Secondary diabetes mellitus with ketoacidosis

Drug-induced diabetes mellitus with ketoacidosis

Viral diabetes mellitus with renal complications
Pancreatic diabetes mellitus with renal complications
Steroid diabetes mellitus with renal complications
Secondary diabetes mellitus with renal complications
Drug-induced diabetes mellitus with renal
complications

Viral diabetes mellitus with eye complications
Pancreatic diabetes mellitus with eye complications
Steroid diabetes mellitus with eye complications
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8843122
8843377
8843390
8843450
8843621

8843121

8843376

8843389

8843449

8843620

8843124
8843379
8843392
8843452

8843623

8843120
8843375
8843388
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Secondary diabetes mellitus with eye complications
Drug-induced diabetes mellitus with eye complications

Viral diabetes mellitus with neurological complications

Pancreatic diabetes mellitus with neurological
complications

Steroid diabetes mellitus with neurological
complications

Secondary diabetes mellitus with neurological
complications

Drug-induced diabetes mellitus with neurological
complications

Viral diabetes mellitus with peripheral circulatory
complications

Pancreatic diabetes mellitus with peripheral circulatory
complications

Steroid diabetes mellitus with peripheral circulatory
complications

Secondary diabetes mellitus with peripheral circulatory
complications

Drug-induced diabetes mellitus with peripheral
circulatory complications

Viral diabetes mellitus with diabetic complications
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Pancreatic diabetes mellitus with diabetic
complications

Steroid diabetes mellitus with diabetic complications

Secondary diabetes mellitus with diabetic
complications

Drug-induced diabetes mellitus with diabetic
complications

Viral diabetes mellitus with multiple diabetic
complications

Pancreatic diabetes mellitus with multiple diabetic
complications

Steroid diabetes mellitus with multiple diabetic
complications

Secondary diabetes mellitus with multiple diabetic
complications

Drug-induced diabetes mellitus with multiple diabetic
complications

Viral diabetes mellitus without diabetic complications

Pancreatic diabetes mellitus without diabetic
complications

Steroid diabetes mellitus without diabetic
complications
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Secondary diabetes mellitus without diabetic
complications

Drug-induced diabetes mellitus without diabetic
complications

Diabetes mellitus

Diabetic complications

Diabetic coma

Hypoglycemic coma in the context of diabetes mellitus
Diabetic acidosis

Diabetic acetonemia

Diabetic ketoacidosis

Diabetic nephropathy

Diabetic renal failure

Diabetic nephrosclerosis

Diabetic iritis

Diabetic central retinopathy

Diabetic cataract

Proliferative diabetic retinopathy

Diabetic maculopathy

Diabetic retinopathy

Diabetic ophthalmoplegia

Diabetic macular edema

Diabetic neuralgia

Diabetic peripheral neuropathy
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2500013
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8838071
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2504012
2504013
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8844089
2505011
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Diabetic muscular atrophy
Diabetic neuropathic bladder
Diabetic autonomic neuropathy
Diabetic polyneuropathy
Diabetic mononeuropathy
Diabetic neuropathy

Diabetic foot lesion

Diabetic neuropathic pain
Diabetic gangrene

Diabetic arterial occlusion
Diabetic ulcer

Diabetic angiopathy

Diabetic arteriosclerosis
Diabetic peripheral vascular disease
Diabetic peripheral vascular disease
Diabetic foot gangrene
Diabetic foot ulcer

Diabetic arthropathy

Diabetic skin disorders
Diabetic liver injury

Diabetic hypercholesterolemia
Diabetic osteopathy

Diabetic mental disorder
Diabetic pruritus
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2505021
8838069
8838070
8838074
8838075
8838078
8848634
8848768
2506006
2506011
8838063
8838066
8838077
8838079
8838080
8848632
8848633
2507025
2507029
8838064
8838067
8838068
8838072
8838073
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Diabetic blister
Diabetic edematous sclerosis
Hyperglycemia hyperosmolarity syndrome
Diabetes mellitus without diabetic complications
Hypoglycemic coma not in the context of diabetes
mellitus
Levulosuria
Essential levulosuria
Benign levulosuria
Renal glycosuria
Bronze diabetes mellitus
Secondary diabetes after pancreatectomy
Pregnancy with type 1 diabetes

fith type 2 diabetes
Pregnancy diabetes mellitus
Overt diabetes in pregnancy
Impaired glucose tolerance in pregnancy
Gestational diabetes maternal syndrome
Diabetes maternal infant
Neonatal transient diabetes mellitus
Neonatal diabetes mellitus
Neonatal transient hyperglycemia
Borderline type diabetes mellitus
Impaired glucose tolerance
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8844652
8844653
8845128
8843439

8839324

8831401
8840104
8841021
2714002
8835941
8835685
8830029
8830039
6489003
8838621
8838619
8838633
8838081
7751001
7751002
8844233
2500031
2713009
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Chemical diabetes mellitus
Latent diabetes mellitus
Pre-diabetes mellitus
Hyperglycemia

Transient diabetes mellitus
L-Xylulosuria
Hypoglycemic glycosuria
Dietary glycosuria
Emotional glycosuria
Euglycemic glycosuria
Glycosuria
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8831132
8836104
8836563
8833419
7915002
7915003
8833420
8834843
8835464
8835871
8838062
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Supplementary Table S2 Codes of antidiabetic medications
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uo 98%0-0202-uadolway

=

TCUC

Types of Medicine codes g
antidiabetic ‘f;
medication )
Sulfonylureas 610412056, 610443002, 610443003, 613960002, 613960003, 613960008, 613960017, ]

613960026,613960027,613960028,613960038,613960039,613960078,620000048,?
620002031,620002032,620003159,620003160,620003947,620003948,620006030,5
620006890,620009209,620871601,620872002,620872003,620872004,620872009,%
620872016,620873202,620873301,620873402,620873702,621982701,621997001,%
621997101,621998701,621998801,621998901,621999001,621999301,621999401;?
621999701,621999801,622000601,622000701,622001701,622001801,62200470L§_
622004801, 622005501, 622005601, 622005802, 622009802, 622009901, 622010001,
622011401,622011501,622011601,622011701,622013401,622013501,622013601&_
622016001,622016101,622017301,622017401,622017501,622017901,622018001,%
622018802,622020903,622021003,622021801,622021901,622022001,622022101,%
622023501,622023601,622025201,622025301,622025801,622025901,622026501;?
622026601, 622029901, 622030001, 622031401, 622031501, 622033001, 622033101,
622033201, 622033701, 622033801, 622035701, 622035801, 622036002, 622037901,
622038001,622039901,622048401,622048501,622058801,622058901,622059002%
622059102, 622075601, 622088301, 622088401, 622103201, 622114701, 622114801,
622118501,622122201,622122301,622127301,622127401,622127501,622128101,;
622137701, 622141101, 622141302, 622143402, 622144001, 622159301, 622169102,3
622169301,622176301,622177501,622186201,622187301,622190001,622190801,%
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622193301,622194901,622198001,622202201,622202801,622205101,622205501,8
622208901, 622211501, 622217701, 622219701, 622221001, 622222001, 622242001, 5

622246801,622252501,622254701,622271101,622271201,622271301,622313200,§

622313300, 622338501, 622338601, 622338701

9e#81y0-020Z-uadolwa

122

Meglitinides

622462501, 622462401, 620001908, 620001907, 622053601, 622040901, 622041001,
610432026, 610432027, 622196601, 622119301, 622230001, 622196701, 622119401,
622230101, 610432032, 610432033, 622518201, 622525401, 622515301, 622523401,
622521001, 622518101, 622525301, 622515201, 622523301, 622520901

TZ7nZ715NnHBN
1A %2 L &

3APLOIUAOG
o

2

a-glucosidase
inhibitors

610406390, 620002841, 620002843, 620004045, 620004072, 620004071, 620008727,
g

620008726, 621665301, 621683401, 621673501, 621691201, 622090001, 621689303,3
621689001,621690402,621690901,621690203,620002120,620004069,620005557;?
620005558,620005559,620005560,620005561,620008071,620008072,620008073éi

621953301,621943301,620009287,621896502,622008602,620009286,621896402@

622008502,620009296,620009294,620009293,622302301,620009297,621958801%§

620005360,621785002,621942202,620009295,620009291,620009289,620009288,%
622302201, 620009292, 621958701, 620005359, 621784902, 621942102, 620009290,

b
621937201, 621937101, 613960082, 613960081, 622053601, 622432501, 622426601 ,<

622426701,620003127,620003128,620003129,620002121,610406391,621953401,2
620004046,620004070,620005562,620008074,620005563,620005564,620005565,%
620008075,620005566,621943401,620008076,620004073,620002845,6216903035
620008729, 620008728, 620004074, 621689403, 621689101, 621691001, 621691601,

SV CUC—UGTT

h|
+

621665401, 621683501, 620002847, 622090101, 621690502, 621673601 ;

\=

Biguanides

622517101,622450401,622450301,620004480,620004502,620005979,610463145,%

101
+

M o

621986401, 621986301, 610444147, 621974701, 622242501, 622070801, 621676001, ¢
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122

2

620005570, 622427201, 622421901, 622424401, 622421101, 622412701, 622438401
622417101, 622432601, 622436301, 622427301, 622422001, 622424501, 622421201,
622448601, 622438501, 622417201, 622432701, 622466601

V=

Thiazolidinediones

1snBNY /T U0 Qe+0l
+ 12 JCV oV

621990901, 621991001, 610432040, 610432041, 622048501, 622048401, 622065301,
622061601, 622041402, 622155901, 622063201, 622156901, 622144601, 622167201,
622045401,622159401,622056001,622147501,622175601,622071901,622065401,%
622061701, 622041502, 622156001, 622063301, 622157001, 622144701, 622167301,
622045501,622159501,622056101,622147601,622175701,622072001,622320800,§
622320900,622065101,622042901,622061401,622166801,622182401,622041202,%
622079101, 622155701, 622063001, 622066201, 622164301, 622062302, 622047701,
622049901, 622046801, 622163301, 622053101, 622081801, 622059201, 622045201,
622053801, 622055801, 622147301, 622078301, 622175401, 622071701, 622065201,
622043001, 622061501, 622166901, 622182501, 622041302, 622079201, 622155801,
622063101, 622066301, 622164401, 622062402, 622047801, 622050001, 622046901,
622163401, 622053201, 622081901, 622059301, 622045301, 622061001, 622055901,
622147401, 622078401, 622175501, 622071801, 621986401, 621986301, 622086101,
622086001

COC

1UAAO.
T o

o

T

v

Dipeptidyl
peptidase-4
inhibitors

621950901, 621951001, 621951101, 621970601, 621970701, 621970801, 621980701,
621986001, 621986101, 621986201, 622086001, 622086101, 622093501, 622182601,
622201701, 622245601, 622245701, 622277501, 622288401, 622415401, 622415501,
622448901, 622449001, 622450301, 622450401, 622517101

5

Lo +z0z ‘nzlindvy uo IIlIn’\'rIIIr‘I'IIadnflllq/ll'dnq Lol

VUG UG 1T

(@

Sodium glucose
cotransporter 2
inhibitor

622340101, 622360601, 622401201, 622401301, 622306601, 622306701, 622336801,
622342001, 622341901, 622335701, 622335801
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Rapid-acting

insulin

621911101, 621911301, 621911201, 620008895, 621926901, 622252701, 620008893,
620008894, 620008916, 640451027, 620007460

122

Short-acting

insulin

620008897, 620000265, 620008909, 620008907, 622114401

=

Long-acting

622440701, 620008945, 620008943, 620007536, 622198901, 622199001, 622410901,

TZ7n715NBNY /T U0 0C+H0k
TCUGCH v T JCV oV

2

2

£

o

=T

insulin 622484801, 622411001, 621927001, 620008952, 620008953
Immediate-acting | 620000266, 620008912, 620008910, 622114501, 620002441, 620007459 :
insulin é
Premixed insulin | 620002439, 620007461, 620002440, 620007462, 620008915, 620008913, 6221 14601,%
620000269, 620000448, 620008896, 621973201, 621973301, 640453023 ]
Combination- 622451001, 622450901 El
acting insulin é
Glucagon-like 622038401, 622038301, 621974801, 622229001, 622406001, 622267001, 622442201 §

peptide-1 receptor
agonist

o
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Supplementary Table S3  Amputation codes

Medical procedure receipt codes (in Japan)
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Major LLA

10 above-knee/transfemoral amputation 150051610
below-knee/transtibial amputation 150051710
13 Hindquarter amputation/ Hip disarticulation 150052210
through-knee amputation 150052310
16 Minor LLA

Foot amputation, trans-metatarsal amputation,

19 Lisfranc disarticulation 150051810
Foot joint disarticulation 150052610
22 Finger and toe amputation 150051910
Finger and toe joint disarticulation 150052710
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Supplementary Table S4  The population of Japanese national census (2015) §
S
Age Age Age ;
group, total men women  group, total men women  group, %total men women
years years years g
0-4 4,987,706 2,550,921 2,436,785 35-39 8,316,157 4,204,202 4,111,955 70-74 5,695,811 3,582,440 4,113,371
5-9 5,299,787 2,714,591 2,585,196 40-44 9,732,218 4,914,018 4,818,200 75-79 ?,276,856 2,787,417 3,489,439
10-14 5,599,317 2,868,024 2,731,293 45-49 8,662,804 4,354,877 4,307,927 80-84 @,961,420 1,994,326 2,967,094
15-19 6,008,388 3,085,416 2,922,972 50-54 7,930,296 3,968,311 3,961,985 =285 ;,887,487 1,461,624 3,425,863
20-24 5,968,127 3,046,392 2,921,735 55-59 7,515,246 3,729,523 3,785,723 Total 1@?,094,745 61,841,738 65,253,007
25-29 6,409,612 3,255,717 3,153,895 60-64 8,455,010 4,151,119 4,303,891 g
30-34 7,290,878 3,684,747 60-65 9,643,867 4,659,662 4,984,205
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STROBE Statement—Checklist of items that should be included in reports of cohort studies
Item Page No
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 3
the abstract
(b) Provide in the abstract an informative and balanced summary of what 3
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | ©
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 7
Methods
Study design 4 Present key elements of study design early in the paper 7
Setting 5 Describe the setting, locations, and relevant dates, including periods of 8
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 8
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and | -
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 8,9
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods 9,10
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 7.8
Study size 10 Explain how the study size was arrived at
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 9,10
confounding
(b) Describe any methods used to examine subgroups and interactions 9,10
(c¢) Explain how missing data were addressed 9,10
(d) If applicable, explain how loss to follow-up was addressed 9,10
(e) Describe any sensitivity analyses -
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 10
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage No o
participants
(c) Consider use of a flow diagram -
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, Tablel
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of | NO missing
interest data
(¢) Summarise follow-up time (eg, average and total amount) 10
Outcome data 15*  Report numbers of outcome events or summary measures over time 13, Table2
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Main results
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16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for
and why they were included

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period

17,
Table3

17

20,
Table4

9 Other analyses

17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity

analyses

12 Discussion
13 Key results

18

Summarise key results with reference to study objectives

25

14 Limitations

19

Discuss limitations of the study, taking into account sources of potential bias or

imprecision. Discuss both direction and magnitude of any potential bias

24,25

17 Interpretation

20

Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence

22-24

19 Generalisability 21

Discuss the generalisability (external validity) of the study results

24

21 Other information

22 Funding

22

Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based

26

26 *@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

30 published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

31 available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

32 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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