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LETTER TO THE EDITOR

Temporal relationship between multiple drugs and multiple events in
patient reports on adverse drug reactions: findings in a pilot

study in Japan

To the Editor

Patient reporting of suspected adverse drug reactions
(ADRs) has been accepted as an essential component of
pharmacovigilance.! Important signals may be detected
when combined with reports from health care profes-
sionals (HCPs)? but also from “patient-only” dataset.*

In January 2011, the Health and Labour Sciences Re-
search Grant study (“HLSRG study”) supported by the
Ministry of Health, Labour and Welfare (MHLW) started
a pilot study to determine whether the web-based patient
reporting works in Japan. The online patient report form
was linked from the main page of Pharmaceuticals and
Medical Devices Agency (PMDA). To call for patient re-
ports, a message was shown on the PMDA website and in
955 (1.7%) of about 55 000 community pharmacies, 1000
posters were displayed and 100000 flyers were handed to
patients. The study was approved by the Research Ethics
Committee of Faculty of Pharmacy, Keio University.

In an interim analysis of the data collected during the
first 2 months of the study, we found patients sometimes
reported multiple drugs and multiple ADRSs occurring at
different occasions. It was often very difficult to specify
the temporal relationship between the exposure to drugs
and occurrence of ADRs. To improve the clarity of the
temporal relationship, a revised form with multiple
entry boxes for dates of ADR occurrence was used in
the latter half of the study (see online Figure 1). At the
end of the study, we conducted an ad hoc analysis to
know whether the revised form worked as intended.

The drugs were classified by the anatomical therapeu-
tic chemical (ATC) classification. ADRs were coded by
Japanese translation of lowest level terms of the medical
dictionary for regulatory activities (MedDRA) version
14.0J and converted to preferred terms (PTs) by two of
authors (AH and KK) and then further checked indepen-
dently by each of two psychiatric specialists (Al and TK)
because many of reported ADRs were classified under
the primary systemic organ class (SOC) “nervous” or
“psychiatry”. The temporal relationship was classified
into “clear” (clear for all drug—event combinations),
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“clear/unclear” (clear for some but unclear for the other
combinations) and “unclear” (unclear for all combina-
tions) also by these two specialists. Any discrepancy
between two specialists was resolved by discussion.

We also analyzed the spontaneous reports submitted
by HCPs directly or through the drug company to the
PMDA (“HCP reports™) and reports submitted by the
“consumer or other non-health professional” through
the drug company (“indirect patient reports”) during the
same period using Japanese Adverse Drug Event Report
database (http://www.info.pmda.go.jp/) and compared
with “direct patient reports” in the HLSRG study.

Table 1 shows standardized differences® for demo-
graphic and other characteristics between a total of 214
direct patient reports with at least one identifiable drug
and one identifiable ADR and 657 indirect patient reports
as well as 34 843 HCP reports submitted to the PMDA
between January and December 2011. In direct patient
reports, median age of patients was 40 years old and much
younger than “60’s” in other two report types. There was a
difference of ADRs and drugs frequently reported between
three reporter types. The 214 reports were submitted by
166 (78%) patients and 48 (22%) family members, and
16 (7%) reports had one or more over-the-counter drugs.

As shown in Table 2, during the latter half of the study
period where the revised form was used, two or more
dates for ADR occurrence were often reported. The ratio
of the odds of the clarity (“clear” vs. others (“clear/
unclear” or “unclear’)) in the latter half of the study period
(51/3) to the odds in the first half (110/50) was 7.7 (95%
CI:2.3-26.0). The logistic regression revealed that the
“odds ratio” was 9.8 (95%CI:2.5-38.1) when adjusted
for age and sex of reporters and other potentially relevant
factors indicating that the revised form improved the
clarity of the temporal relationship. The number of
reports in the first to fourth quarter during the one-year
study period was 108, 52, 30 and 24, respectively. This
decrease was potentially because patients who used the in-
ternet regularly to avidly collect the information of ADRs
tended to discover that the pilot study was in place and
report ADRs they experienced early in the study period.
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Table 1. Demographics, drugs and adverse drug reactions in spontaneous reports

Reporter type Direct patient reports Indirect patient reports HCP reports Standardized difference

Period January 2011 — December 2011

Number of reports 214 657 34,843

Demographics of patients
Sex, unknown (%) 0 () 29 (4.4) 719 2.1) -0.30, —0.21
Females (%) 111 (51.9) 340 (51.8) 16,997 (48.8) 0.002, 0.06
Age, unknown (%) 52.3) 353 (53.7) 1,581 (4.5) —1.40, —0.12
Median age (IQR):c 40 (30, 55) 60s (40s, 70s) 60s (40s, 70s) —0.81, —0.67

Median number per report
ADRs (IQR) 3(,5) 1(1,2) 1(1,2) 0.60, 0.63
Drugs (IQR) 2(1,5) 1(L,2) 4(2,8) 0.62, —0.39

Number of reports on ADR coded by a MedDRA PT with a specific primary SOC*
Blood (%) 1(0.5) 8(1.2) 4,257 (12.2) —-0.08, —0.50
Eye (%) 24 (11.2) 51(7.8) 632 (1.8) 0.12, 0.39
Gastrointestinal (%) 65 (30.4) 113 (17.2) 4,809 (13.8) 0.31, 0.41
General (%) 69 (32.2) 96 (14.6) 3,264 (9.4) 0.43, 0.59
Infections (%) 52.3) 32.(4.9) 4,960 (14.2) —0.14, —0.44
Investigations (%) 18 (8.4) 93 (14.2) 7,560 (21.7) —0.18, —0.38
Musculoskeletal (%) 22 (10.3) 56 (8.5) 1,392 (4.0) 0.06, 0.25
Nervous (%) 91 (42.5) 212 (32.3) 5,545 (15.9) 0.21, 0.61
Psychiatric (%) 50 (23.4) 109 (16.6) 1,200 (3.4) 0.17, 0.61

Number of reports on suspect drug in a specific level-2 subgroup of ATC classification*
Insulins (H04) (%) 0(0) 33 (5.0 83 (0.2) —0.33, —0.07
Antibacterials (JO1) (%) 8 (3.7 27 (4.1) 3,075 (8.8) —0.02,-0.21
Antivirals (JO5) (%) 6 (2.8) 20 (3.0 2,582 (7.4) -0.01, —-0.21
Vaccines (JO7) (%) 4(1.9) 33 (5.0 1,478 (4.2) -0.17, -0.14
Aantineoplastic (LO1) (%) 1 (0.5) 37 (5.6) 11,999 (34.4) —0.30, —1.00
Psycholeptics (NO5) (%) 41 (19.2) 87 (13.2) 1949 (5.6) 0.16, 0.42
Psychoanaleptics (NO6) (%) 30 (14.0) 46 (7.0) 972 (2.8) 0.23,0.41
Ophthalmologicals (S01) (%) 1(0.5) 22(3.3) 1982 (5.7) —0.21, —-0.31

IQR=interquartile range; ADR=adverse drug reaction; MedDRA=medical dictionary for regulatory activities; PT=preferred term; SOC=system organ class; ATC= anatomic therapeutic chemical.
*Data are shown when (i) proportion of reports >10% (SOCs) or >5% (ATC level-2 subgroups) in any reporter type and (ii) ratio of proportions >2 between any two of three reporter types.

TStandardized difference between direct and indirect patient reports (left) and that between direct patient and HCP reports (right).
*When the information on age group was given (as for all the cases in indirect patient and HCP reports), middle point (e.g. 64 years for 60s) was used to calculate the standardized mean difference.
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Table 2. Before/after comparison of direct patient reports related to change of web-form design in early July 2011

Period 2011.01-06 (Single section for ADR *) 2011.07-12 (Single/multiple section for ADR T
Psychotropic drug (NO5/N06 *) Psychotropic drug (NO5/NO6 )
Yes No Total Yes No Total
Number of reports 71 (44%) 89 (56%) 160 (100%) 21 (39%) 33 (61%) 54 (100%)
p-value® Reference 0.53
Median number of drugs per report
All drugs (IQR) 43,7 1(1,3) 21,5 32,98 2(L, 4 21,4
p-value® Reference Reference Reference 0.48 0.50 0.76
p-value" <0.0001 Reference 0.023 Reference
Psychotropic
drug (NO5/N06*) (IQR) 3(1,5) - 0(0,3) 2(1,4) - 0 (0, 1.75)
p—value‘“ Reference - Reference 0.26 - 0.32
Median number of ADRs per report
All ADRs (IQR) 4(2,15) 21,4 3(,5) 4(1,5) 1(1,3) 21,4
p-value® Reference Reference Reference 0.29 0.05 0.03
p-value' <0.0001 Reference 0.054 Reference
Psychiatric/Nervous ADRs
ADRs (IQR) 2(L, 4 0@, 1) 1(0,2) 1(0,3) 0(0,0) 00,1
p-value! Reference Reference Reference 0.07 0.07 0.01
Median number of dates of ADR occurrence per report
Number (IQR) 1(1, 1 1(L, 1 1(1,1) 2(1,4) 1(,2) 1(1,2)
p-value! Reference Reference Reference <0.0001 <0.0001 <0.0001
Period from the first occurrence to reporting of ADRs
Unknown (n) 5 6 11 2 1 3
Known (n) 66 83 149 19 32 51
Median months (IQR) . 23 (9, 62) 6(1, 14) 10 (2, 38) 15 (3, 19) 1(1,10) 41,17
p-valuel Reference Reference Reference 0.09 0.27 0.06
p-value! <0.0001 Reference 0.016 Reference
Number of reports classified by the clarity of the temporal relationship between exposures to drugs and ADR occurrences
“clear”"’ 37 73 110 20 31 51
“clearfunclear”’? 21 11 32 0 2 2
“unclear”’ 13 5 18 1 0 1
p-value** Reference Reference Reference 0.0005 0.31 0.0003

ADR=adverse drug reaction; IQR=interquartile range.

*A web-based report form with a single section for ADRs occurring on a single occasion was used.

:A web-based report form where the number of sections can be increased to report ADRs occurring on multiple occasions was used.

“Reports with a drugs classified under NO5 or NO6 level-2 subgroups of ATC classification (defined as a psychotropic drug) was given in a report either as a suspect or concurrent drug.

§Comparison between first and latter halves of the pilot period (chi-square test).

IComparison between first and latter halves of the pilot period (Kruskal-Wallis test).

I Comparison between reports with and those without a psychotropic drug as suspect or concurrent drug (Kruskal-Wallis test).

**Comparison between first and latter halves of the pilot study (Fisher’s exact test).

HThe temporal relationship between exposure to drug and event occurrence was clear for all the drug—event combinations (“clear”), clear for some but unclear for the other combinations (“clear/
unclear”) or unclear for all the combinations (“unclear”).
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The pilot study has revealed a scheme of the web-
based patient reports works in Japan and contributed
to the nationwide online scheme started by the PMDA
in March 2012. The postal form or telephone, known
to be preferred by the elderly, 2 may be considered
as an additional tool in Japan to encourage reports
from elderly patients in the future.
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KEY POINTS

® In Japan, the nationwide online scheme for patient
reports was initiated in March 2012 following a
pilot study.

¢ In the pilot study, patients often reported multi-
ple drugs and multiple events occurring at differ-
ent time points, and in the middle of the study,
the report form was revised to inquire multiple
dates of ADR occurrence.

® The median age of patients was young (40 years
old) and the use of the postal form or telephone
may be considered as an additional tool to en-
courage reports from the elderly in the future.
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SUPPORTING INFORMATION

Supporting information may be found in the online
version of this paper:

Figure 1. Initial patient report form (Figure 1A) used in
the first half and revised patient repost form (Figure 1B)
used in the latter half of the study period (translated into
English). The number of entry boxes for dates of
occurrence of adverse drug reaction (ADR) in Question
2 was increased from 1 in the initial patient report form

Copyright © 2013 John Wiley & Sons, Ltd.

(Figure 1A-c) to 5 or more in the revised patient report
form (Figure 1B-c). Question 3 was also revised according
to the change of Question 2 (see Figures 1A-d and 1B-d).
Some alteration was also made for Question 4 in the
revised patient report form (see Figures 1A-e and B-e)

REFERENCES

1. van Hunsel F, Talsma A, van Puijenbroek E, et al. The proportion of patient
reports of suspected ADRs to signal detection in the Netherlands: case-control
study. Pharmacoepidemiol Drug Saf 2011; 20:286-291. DOI: 10.1002/pds.2092

2. McLernon DJ, Bond CM, Lee AJ et al. Patient views and experiences of making
adverse drug reaction reports to the Yellow Card Scheme in the UK.
Pharmacoepidemiol Drug Saf 2011; 20: 523-531. DOI: 10.1002/pds.2117

3. Hammond IW, Rich DS, Gibbs TG. Effect of consumer reporting on signal
detection: using disproportionality analysis. Expert Opin Drug Saf 2007; 6:
705-712. DOI:10.1517/14740338.6.6.705

4. Avery AJ, Anderson C, Bond CM, et al. Evaluation of patient reporting of adverse drug
reactions to the UK “Yellow Card Scheme’: literature review, descriptive and qualitative
analyses, and questionnaire surveys. Health Technol Assess 2011; 15: 1-234. DOIL:
10.3310/hta15200

5. Austin PC, Mamdani M. A comparison of propensity score methods: A case-study
estimating the effectiveness of post-AMI statin use. Stats Med 2006; 25: 2084-2106.
DOI: 10.1002/sim.2328

Kryosur Kusotal™
MiTSUHIRO OKAZAKI
AKIRA DOBASHI
MicHIKO YAMAMOTO
Masayukl HASHIGUCHT
Arisa Horie

ATARU INAGAKIT
TosHiak! KikucH”
MAyum1 MOCHIZUKI

N

W 0 & v L W

1Department of Pharmacoepidemiology, Graduate
School of Medicine the University of Tokyo,
Tokyo, Japan

2Drug Information Analysis, Social Pharmacy,
Hokkaido Pharmaceutical University School of
Pharmacy, Hokkaido, Japan

*Education and Research Institute of Information
Science, Tokyo University of Pharmacy and Life
Sciences, Tokyo, Japan

“Education Center for Clinical Pharmacy Practice,
Showa Pharmaceutical University, Tokyo, Japan

>Division for Evaluation and Analysis of Drug Informa-
tion, Keio University Faculty of Pharmacy, Tokyo, Japan

SCenter for Clinical Psychopharmacology, Institute of
Neuropsychiatry, Tokyo, Japan

7Deparlment of Neuropsychiatry, Keio University
School of Medicine, Tokyo, Japan

8Depanment of Psychiatry, Columbia University, NY, USA
*E-mail: kubotape-tky @umin.ac.jp

Pharmacoepidemiology and Drug Safety, 2013; 22: 1134-1137
DOI: 10.1002/pds

— 139 —



@PLOS | ONE

OPEN a ACCESS Freely available online

Incidence of Type 2 Diabetes in Japan: A Systematic
Review and Meta-Analysis

Atsushi Goto', Maki Goto', Mitsuhiko Noda", Shoichiro Tsugane?

1 Department of Diabetes Research, Diabetes Research Center, National Center for Global Health and Medicine, Tokyo, Japan, 2 Epidemiology and Prevention
Division, Research Center for Cancer Prevention and Screening, National Cancer Centre, Tokyo, Japan

Abstract

Background: The definition of incident type 2 diabetes varies across studies; hence, the actual incidence of type 2
diabetes in Japan is unclear. Here, we reviewed the various definitions of incident type 2 diabetes used in previous
epidemiologic studies and estimated the diabetes incidence rate in Japan.

Methods: We searched for related literature in the MEDLINE, EMBASE, and /chushi databases through September
2012. Two reviewers selected studies that evaluated incident type 2 diabetes in the Japanese population.

Results: From 1824 relevant articles, we included 33 studies with 386,803 participants. The follow-up period ranged
from 2.3 to 14 years and the studies were initiated between 1980 and 2003. The random-effects model indicated that
the pooled incidence rate of diabetes was 8.8 (95% confidence interval, 7.4-10.4) per 1000 person-years. We
observed a high degree of heterogeneity in the results (12 = 99.2%; p < 0.001), with incidence rates ranging from 2.3
to 52.6 per 1000 person-years. Three studies based their definition of incident type 2 diabetes on self-reports only, 10
on laboratory data only, and 20 on self-reports and laboratory data. Compared with studies defining diabetes using
laboratory data (n = 30; pooled incidence rate = 9.6; 95% confidence interval = 8.3-11.1), studies based on self-
reports alone tended to show a lower incidence rate (n = 3; pooled incidence rate = 4.0; 95% confidence interval =
3.2-5.0; p for interaction < 0.001). However, stratified analyses could not entirely explain the heterogeneity in the
results.

Conclusions: Our systematic review and meta-analysis indicated the presence of a high degree of heterogeneity,
which suggests that there is a considerable amount of uncertainty regarding the incidence of type 2 diabetes in
Japan. They also suggested that laboratory data may be important for the accurate estimation of the incidence of
type 2 diabetes.
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Japan, the incidence rate of type 2 diabetes in Japan has not
been fully clarified. Furthermore, the definition of incident type

Introduction

The prevalence of type 2 diabetes is increasing globally and
the International Diabetes Federation has predicted that the
number of people with diabetes will increase from 366 million to
552 million by 2030 [1]. Importantly, the prevalence of diabetes
in Asia is rapidly increasing as 60% of the world’s diabetic
population are Asians [2]. In Japan, the estimated number of
individuals with diabetes was approximately 6.9 million in 1997
[3], 7.4 million in 2002 [4], and 8.9 million in 2007 [5]. Although
the estimates of the prevalence of diabetes have been
computed from the National Health and Nutrition Survey of
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2 diabetes varies across studies. Changes in the diagnostic
criteria for diabetes may account for these discrepancies [6-8].
The American Diabetes Association (ADA), World Health
Organization (WHO), and Japan Diabetes Society (JDS)
lowered the fasting plasma glucose (FPG) threshold from 140
to 126 mg/dL in 1997, 1998, and 1999, respectively [6,8,9]. In
2009, an International Expert Committee recommended the
use of HbA1c level (with a threshold of 26.5% (48 mmol/mol)
[10]) to diagnose diabetes, and the ADA, WHO, and JDS
adopted this criterion in 2010, 2011, and 2010, respectively
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[11-13]. However, in epidemiologic studies, measuring HbA1c
or blood glucose is sometimes difficult for various reasons such
as inconvenience or high costs. Therefore, several studies
used self-reported diabetes as an outcome if laboratory
findings were not available and self-administered
guestionnaires concerning diabetes history were [14,15].
However, the definition of diabetes diagnosis in epidemiologic
studies remains controversial. Therefore, we conducted this
systematic review and meta-analysis to estimate the incidence
rate of type 2 diabetes in Japan and compile the various
definitions of incident type 2 diabetes used in previous
epidemiologic studies.

Methods

Search Strategy

This systematic review and meta-analysis did not have a
registered review protocol, but was performed according to the
recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) Group [16].
We searched the MEDLINE, EMBASE, and Ichushi (Japana
Centra Revuo Medicina) databases through September 2012.
Two reviewers selected studies that evaluated newly
diagnosed type 2 diabetes among the Japanese population.
The MEDLINE search terms were ("diabetes mellitus, type
2"[MeSH Terms] OR "type 2 diabetes mellitus"[All Fields] OR
"type 2 diabetes"[All Fields]) AND ("risk"[MeSH Terms] OR
"risk"[All  Fields] OR ‘"incidence"[MeSH Terms] OR
"incidence"[All Fields]) AND ("Japan'[MeSH Terms] OR
"Japan"[All Fields]). Similar search terms were used for
searching the EMBASE and /chushi databases. We further
searched the references of relevant studies.

Selection

Two independent reviewers read all the retrieved abstracts
and titles. The predefined inclusion criteria were as follows: 1)
new-onset of type 2 diabetes reported as a study outcome and
2) study on the Japanese population. The full text of studies
meeting these criteria was retrieved and screened to determine
eligibility, and studies on the same participant groups were
excluded. Discrepancies between the reviewers’ selection were
resolved by discussion.

Data Extraction

The information extracted by 2 investigators (AG and MG)
was as follows: study characteristics (authors, design, year of
publication, year(s) when the studies were conducted, sample
size, and duration of follow-up), participants’ characteristics
(age and gender), outcome assessment (definition of incident
diabetes), analysis strategy, and validity studies (sensitivity,
specificity, positive predictive value, and negative predictive
value). HbA1c values are presented in percentage units as per
the National Glycohemoglobin Standardization Program
(NGSP) and in the units (mmol/mol) recommended by
International Federation of Clinical Chemistry and Laboratory
Medicine (IFCC) [17].

PLOS ONE | www.plosone.org
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Data Synthesis

In studies with sufficient information on incident type 2
diabetes, we calculated the incidence rate per 1,000 person-
years by dividing the number of incident diabetes cases by the
duration of follow-up. When the mean follow-up duration was
not available, the median was used. We used exact methods
based on the Poisson distribution to compute the 95%
confidence interval (Cl) for each study [18]. The incidence rates
of included studies were pooled on the log scale using inverse
variance weighting and the random-effects model to calculate a
pooled diabetes incidence rate and 95% Cls [19]. We assessed
statistical heterogeneity of incidence rates across studies using
the Cochrane’s Q test [20] and I? statistic [21]. Potential
publication bias was assessed using funnel plots, Begg’s test
[22], and Egger's test [23]. We also performed stratified
analyses according to the definition of incident diabetes (self-
report vs. laboratory data), source of subjects (population-
based vs. others), areas (nonurban vs. others), mean or
median follow-up period (= 5 vs. < 5 years), year of study
initiation (before the year 2000 vs. in the year 2000 or later),
and sample size (2 50,000 vs. < 50,000). We computed p
values for comparisons between subgroups using the x? test
with one degree of freedom. To further explore potential
sources of heterogeneity in the results, we conducted meta-
regression analyses [24,25] with stratification according to year
of study initiation (before the year 2000 vs. in the year 2000 or
later). In the meta-regression analyses, we used the following
characteristics as covariates: definition of incident diabetes
(self-report vs. laboratory data), source of subjects (population-
based vs. others), follow-up period (per 5-year increase),
sample size (per 10,000 increase), and areas (provincial vs.
others). All analyses were performed using Stata version 12.1
(StataCorp, College Station, TX).

Results

Literature Search

Initially, we identified 1824 related articles. Based on the
tittes and abstracts, 62 articles were considered potentially
eligible, and the entire texts of these 62 articles were
evaluated. After excluding 8 studies that did not report diabetes
incidence, 54 relevant studies were further assessed for their
eligibility (Figure 1). Of these 54 studies, 1 study based the
ascertainment of incident type 2 diabetes on adverse outcome
reports [26], 1 used an overlapping population [27], 3 did not
define ascertainment of type 2 diabetes [28-30], 9 were studies
on prediabetes populations [31-39], 1 was a study on
nonalcoholic liver fatty liver disease patients (n = 1) [40], 2 did
not report the follow-up period [41,42], 5 did not report the
number of incident diabetes cases [41-45], and 1 did not report
the year of study initiation [46]. All these studies were
excluded, leaving 33 studies for the meta-analysis.

Study Characteristics

The number of participants, year, and the definition of
diabetes diagnosis used in the selected studies are
summarized in Table 1 [14,15,47-76]. The follow-up period
was 1-15 years, and participants were followed monthly up to
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o Ichushi (n=233)

Records identified through database search: Additional records identified
o Medline (n=1,504) through references of the relevant
e EMBASE (n=213) articles (n = 2)

Records after duplicates removed

(n=1,824)
°
°
°
v °
Records screened | e
(n=1,824) e
°
®
230)
)

Records excluded after abstract review (with reasons):
Case reports or case series (n = 18)

Not a full-length peer-reviewed manuscript (n = 8)
Nonhuman studies (n = 121)

Japanese Americans or Japanese Brazilians (n = 30)
Not Japanese (n = 28)

Did not report diabetes incidence (n = 1162)

Not type 2 diabetes (n = 64)

Reviews, commentaries, and letter to editor (n =

Reports from the same study (n = 72)
@ Duplicate records (n = 29)

A

(n=62)

Full-text articles assessed for eligibility p Studies excluded (with reason):

Did not report diabetes incidence (n = 8)

v

Potentially eligible studies

A 4

(n=54)

v

Studies included in quantitative synthesis
(meta-analysis)
(n=33)

Studies excluded (with reasons):

Used adverse outcome reports (n=1)
Report from same study (n = 1)

Did not define incident diabetes (n = 3)
Studies on prediabetes subjects (n = 9)
Study on nonalcoholic liver fatty liver
disease (n=1)

Did not report the number of incident
diabetes cases (n = 5)

Did not report the year of initiation (n =

D

Figure 1. Literature search.
doi: 10.1371/journal.pone.0074699.g001

10 years. Three studies based the definition of incident type 2 [14,47,49,51,53,64,68,69,77] with participation rates varying
diabetes on self-reports only [14,47,48], 10 on laboratory data ~ from 40.9% to 85.3%. Six studies [48,49,51,53,68,69] were

only (fasting glucose levels, casual glucose levels, 2-h post-
load glucose levels after oral glucose tolerance tests, or HbA1c
levels) [15,49-57], and 20 on self-reports and laboratory data
[50,58-76]. Nine studies were population-based studies
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Table 1. Characteristics of the studies included in the systematic review. -

Year of
study Sample size Participation Mean Age Follow-

Study initiation  (men, %) Source of subjects rate (%)" (range) up, years Definition of incident diabetes

(i) 'Laboratory dataonly . -~ -

Population-based (The Aito
Maegawa et al. [53] 1980 1,338 (42) . i 79.3 50.0 (40-64) 5.6 FPG 2 140 mg/dL, 2-h PG 2 200 mg/dL
Study, Aito Town, Shiga)

© Tanabeetal(1)[56] 1980 FPG 2 126 mg/dL, 2-hPG 2 200 mg/dL
Taniguchi et al. [15] 1981 6,356 (100) Osaka Health Survey, Work — 41.5 (35-60) 9.7 FPG 2 126 mg/dL, 2-hPG = 200 mg/dL
site, Osaka)

heckups (Work site,

Japa :
Health checkups (Single
center, Tokyo) -

1,604 (80)

1994 1,257 (100) 46.7 (35-59)

Fown, Yamagata)
Population-baséd (The
Doi et al. [49] 2002 2,164 (40) Hisayama Study, Hisayama 77.0 58.6 (40-79) 6 FPG 2 126 mg/dL, 2-h PG 2 200 mg/dL
Town, Fukuoka)

Laboratory data and

(i) self-reports of

diagnosis/treatment

Nagaya et al. [65] 1988 25,196 (67)

Sairenchi et al. [70] 128,141 (31) N.A. (40-79)

1994 3,260 (100) N.A. (35-59)

Sobetsu, Hokaido).

Health checkups (2

Sanada et al. [72] 1994 1,554 (62) . - 50.4 (23-80)
centers, Fukushima)

P A
Health checkups (The
) ; FPG 2 126 mg/dL, HbA1c 2 6.5% (48
Heianza et al. [60] 1997 6,241.(75) TOPICS, Single center, - 49.9 (24-82) 4.7 Vimol)
mmol/mol

Tokyo)

a2ia)
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Table 1 (continued).

Incidence of Type 2 Diabetes in Japan

“Japan)

diabetes treatment

Year of
study Sample size Participation Mean Age Follow-
Study initiation  (men, %) Source of subjects rate (%) (range) up, years Definition of incident diabetes
ST T Health checkups (Worksite, PG 2126 mg/dL, HbATC = 6:5%
“ - Nomura et gl.f’[67]’, ,1998 s ‘9,3‘22,’(5,’1)» Sl S

Health checkups (Tokachimachi
City, Niigata)

Tanabe et al.(2) [75] 1998 6,775 (32)

 Hayashino et al. [59] 4,975 (100):

Kato et al. [62] 2000

11,369 (29)
Saitama)

Population-based (The CIRCS,
5 areas, Japan)

Muraki et al. [64] 2001

Toyama)

Self—repor(é of

(iii) diabetes diagnosis

Health checkups (Thé Omiya '
MA Cohort Study, Omiya City,

'Health chebkups (Work site,

FPG 2126 mgldL, casual PG 2200

mg/dL, HbA1c = 6.9% (52 mmol/

mol), self-reports of diagnosis

F mg/dL; casual PG 2 200
' abetes treatment, self-©

FPG 2 126 mg/dL, diabetes
treatment, self-reports of diagnosis

- 62 (55-68) 7

Fasting serum glucose 2 126 rﬁg/dL,
N.A. 57.6 (40-69) 3 casual serum glucose = 200 mg/dL,
diabetes treatment

asting giticose 126 m'g/c‘JL',:séIf-"

only

Kurotani et al. [14] 1995 48,437 (44)

5 Self-reports of diagnosis

Abbreviations:
* Participation rates in population-based studies are shown.

Incidence Rate of Type 2 Diabetes

The 33 studies included 386,803 participants. The random-
effects model indicated that the pooled incidence rate of
diabetes was 8.8 (95% Cl = 7.4-10.4) per 1,000 person-years
(Figure 2). There was little evidence of publication bias. The
funnel plot did not indicate asymmetry; Begg's p value was
0.45; and Egger's bias coefficient was -3.98 (95% Cl,
-9.72-1.77; p = 0.17) (not shown). We observed. a high degree
of heterogeneity (12 = 99.2%; p < 0.001), with incidence rates
ranging from 2.3 to 52.6 per 1000 person-years. We also
performed stratified analyses according to the definition of
incident diabetes (self-reports vs. laboratory data), source of
subjects (population-based vs. others), areas (nonurban vs.
others), mean or median follow-up period (= 5 vs. < 5 years),
year of study initiation (before the year 2000 vs. in the year

PLOS ONE | www.plosone.org

2000 or later 2000), and sample size (= 50,000 vs. < 50,000)
(Table 2). The studies using self-reports of diabetes alone for
diabetes diagnosis showed a lower diabetes incidence rate (N
of studies = 3; pooled incidence rate = 4.0; 95% confidence
interval = 3.2-5.0; p for interaction < 0.001) than did the studies
using laboratory data (N of studies = 30; pooled incidence rate
= 9.6; 95% CI = 8.3—11.1). The studies with longer follow-up
periods (25 years) showed lower incidence rate estimates of
diabetes (N of studies = 22; pooled incidence rate = 6.6; 95%
Cl = 5.5-8.0; p for interaction < 0.001) than did the studies with
shorter follow-up periods (< 5 years; N of studies = 11; pooled
incidence rate = 16.3, 95% Cl = 14.0-18.9). The studies that
initiated before the year 2000 (N of studies = 25) reported lower
estimates of incidence rates (pooled incidence rate = 7.8; 95%
Cl = 6.2-8.5; p for interaction = 0.001) than did the studies that
initiated in the year 2000 or later (N of studies= 8; pooled
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Figure 2. Forest plots of diabetes incidence rate. Cl indicates confidence interval.Dots indicate diabetes incidence rates.
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incidence rate = 13.4; 95% CI = 10.4-17.1). Figure 3 shows a
bubble plot of the diabetes incidence rate per 1,000 person-
years as a function of the year of study initiation. The results
indicated that more recent studies tended to show higher
incidence rate estimates. However, stratification according to
these characteristics could not entirely explain the
heterogeneity in the results, with 12 statistics being high within
each stratum. We also conducted meta-regression analyses to
further explore the sources of heterogeneity (Table 3). Meta-
regression analyses indicated that a longer follow-up period
was associated with lower incidence rates in studies before the
year 2000; however, it explained only a small proportion of the
heterogeneity (adjusted R? statistics = 22.1%; residual I?
statistics = 99.1%). In addition, we estimated the pooled
incidence rate of diabetes in the studies on prediabetes
populations. The incidence rate among prediabetes
populations (pooled incidence rate = 49.2 per 1,000 person-
years; 95% Cl = 31.5-76.8) (not shown) [31,32,34-39] was
much higher than that among total populations (pooled
incidence rate = 8.8 per 1,000 person-years).

Validity of Self-reported Diabetes

Among the studies that considered self-reports for the
definition of diabetes diagnosis, 3 conducted validity studies
among participants whose laboratory data were available
[14,47,63]. In the Japan Collaborative Cohort Study for
Evaluation of Cancer Risk Study (JACC Study), self-reports
were compared with laboratory data and treatment status in a
subsample of study participants [47]. In the Japan Public
Health Center-based prospective Study (JPHC Study) [14],
self-reports were compared with medical records and
laboratory data retrieved from health checkups [78,79]. In the

PLOS ONE | www.plosone.org

study by Li et al [63], self-reports were compared with
laboratory data and reports from the physicians of study
participants [80]. Their positive predictive values, negative
predictive  values, sensitivity, and specificity were
95.7%-99.2%, 93.8%—96.3%, 70%-82.6%, and 95%-99.7%,
respectively [47,78,80]. Because these validation studies were
conducted among participants whose laboratory data were
available, validity of self-reports among those who had not
visited health checkups remains unclear.

Discussion

In the present systematic review and meta-analysis of
studies that evaluated new-onset type 2 diabetes in the
Japanese population, we found that there was a high degree of
heterogeneity in the incidence of diabetes in Japan and an
increasing number recent studies tended to show higher
incidence rate estimates. Our study also indicated that studies
that used self-reported diagnosed diabetes tended to show a
lower incidence rate than studies that used laboratory data,
suggesting that laboratory data are important for the accurate
estimation of the incidence rate of diabetes. In addition, the
studies with longer follow-up durations tended to show lower
incidence rates. In the cohorts with longer follow-up durations,
individuals who did not develop diabetes at earlier stages of
study period were likely less predisposed toward diabetes and
would have had a lower likelihood of developing diabetes later
in the study, which might have led to the lower overall
incidence rates in the studies with follow-up durations that were
longer than those of the others. Although we observed a high
degree of heterogeneity between studies, stratified analyses or
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Table 2. Stratified analysis of the incidence rate of diabetes.

Incidence of Type 2 Diabetes in Japan

Group Number of studies Incidence rate” (95% Cl)  p value (heterogeneity®) 12 (%) p value (interaction¥)
Total — CRTC 88(74—104) T <0001 T 992 T .
Definition of inbident k
diabetes <0.001
Self-reports only 3 40 (3.2-5.0) <0.001 95.5
Sléﬁ'rée,ﬁ’yoyf"sgbjeétsy’~“ " s o L : . ’:‘ g : 0.13 :
Population-based 9 6.7 (4.3-10.4) <0.001 99.0
Others o il gp e e L gpgiandda) T <0001 Ll eelg e e e
, : e A : a0
R R R SR
27 9.2 (7.7-11.1) <0.001
SR e e s
25 years 6.6 (5.5-8.0) <0.001 98.3
Year of study initiation - ' 0.001
22000 8 13a(iosdrn o <0001 i
<2000 25 B 7.8 (6.3-9.5) <0.001
Samplesrze g i o i 3 : Lol
210000 7.8 (5.6-10.8) <0.001
<0000 . 92(75113) . <0001 o 972
Abbreviation:

* Incidence rate estimates were obtained using a random-effects model.

T p values for heterogeneity across studies were computed using Cochrane’s Q test.

1 p values for comparisons between subgroups were computed using the x2 test with one degree of freedom.

meta-regression analyses did not identify major sources of the
heterogeneity.

The overall incidence rate of diabetes in Japan was found to
be 9.0 per 1,000 person-years. This estimate is slightly higher
than the self-report-based [81,82] or administrative database-
based [83] estimates from the U.S. [81], U.K. [83], and China
[82]. The U.S. National Health Interview Survey reported that
the incidence rate of medically diagnosed diabetes was 8.4 per
1,000 person-years among men and 8.1 per 1,000 person-
years among women in 2008 [81]. Using a primary care
medical records database in the U.K, the incidence rate of
diabetes in the U.K. was reported to be 4.4 per 1,000 person-
years in 2005 [83]. In addition, the Shanghai Diabetes Study
reported that diabetes incidence rate identified by self-reports
was 6.0 per 1,000 person-years among Chinese women in
Shanghai [82]. However, because estimates based on self-
reports or administrative databases would have overlooked
undiagnosed or untreated diabetes, these studies may have
underestimated the incidence rate. Indeed, our overall estimate
of diabetes incidence in Japan was mainly driven by the
incidence rates from studies using laboratory data. The overall
rate (9.0 per 1,000 person-years) was close to that observed in
the study among Australians, in which diabetes was defined by
fasting plasma glucose levels 2126 mg/dL and/or diabetes
diagnosed by physicians [84]. In the Blue Mountains Eye
Study, the incidence rate of type 2 diabetes was 9.3 per 1,000
person-years among non-Aboriginal Australians [84]. Further
studies that standardize the definition of incident diabetes are

PLOS ONE | www.plosone.org

required to compare the incidence rate of diabetes between
countries.

Diabetes is often defined exclusively on the basis of self-
reports [85,86]. In the present review, we found that studies
based on self-reports alone tended to show a lower incidence
rate compared with studies based on laboratory data,
suggesting that laboratory data are important to estimate the
incidence rate of diabetes correctly. Three studies conducted
validation studies among participants whose laboratory data
were available; the range for the specificity of self-reports as
obtained in this review (95-99.7%) was relatively high. In
studies based on self-reports, diabetes incidence may have
been underestimated probably because the sensitivity was not
sufficiently high. Moreover, the validity of self-reports among
those who had not visited health checkups is unclear. In
particular, the sensitivity of self-reports among participants who
had not been screened for diabetes may be much lower than
the range (70%-82.6%) obtained in this review. Of note,
laboratory data were not available in any of the large-scale
population-based studies [14,47,77]. This seems to indicate
that multiple sources of evidence including self-reports, claim-
based data, hospital admission data, and mortality data should
be considered in such situations.

Our study also indicated that the incidence of type 2 diabetes
in Japan may be increasing. The FPG threshold was lowered
from 2140 to 2126 mg/dl by the ADA, WHO, and JDS in 1997,
1998, and 1999, respectively [6,8,9]; this may have reflected
the change in the diagnoses and incidence rates of diabetes.
The increase in obesity prevalence [87], decline in physical
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Firstauthor  Year
Laboratory data only
Masgawa 1230
Tanzbe {1} 1380
Taniguchi 1581
Kawaksni 1584
Yesninags 18988
Makano fic<H
Nakanishi {1) 1554
Kameds 1965
Do 2002
Fujta {1} 2002

Subtotsl {l-zquared = ¥7.53%, p <0001

Laboratory data and self-reports of diabetes diagnosis / treatment

Sawsda 1885
Nagays 1985
Cxada 1553
Sairenghi 1932
Fuita {2) 1534
Makanishi (&} 1524
COhnighi 1524
Sanada 7554
Incus 1&eE
Heiznzs 1857
Fukui 1885
Neomurs 1828
Tanabe (2} 18R
Hayazhino 1568
Kato 2000
Sato 2000
Muraki 2001
K} 2002
Sakurai o002
Totsuks 2002

A,
[ €

Subtota! {l-sguarsd = 32.5%, p< 000!}

1

Self-reports of diabetes diagnosis only

iso 18838
Cba 1882
Kurotan 1585

Subtotal {l-zquared = 35.5%, p <0001}

-

Overal {l-sguared = $2.2%. p <0001}

Incidence of Type 2 Diabetes in Japan
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(85% ClI) Weight
7.47 (5.70, 9.80) 220
52.58 (39.88, 69.67) 2.5
7.38 (8.71, 8.08) 3.22
2.26 (1.68, 3.08) 2%
17.87 (14.98, 21.32) 214
19.99 (12.57, 31.79) 282
8.43 (.38, 11.14) 255
10.85 (8.17, 14.42) 258
17.02 (14.88, 19.46) 218
13.28 (12.59, 13.96) 2.24
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4,87 (4.14, 5.2T) 320
5.84 (5.60, 8.31) 3.23
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Figure 3. Bubble plots of diabetes incidence rate against the year of study initiation. A bubble shows a study, and the size of
the bubble is proportional to the inverse of the variance of the log-transformed incidence rate. Diabetes incidence rate was
calculated by dividing the number of new-onset diabetes cases by the duration of follow-up. When the mean follow-up duration was

not available, the median was used.
doi: 10.1371/journal.pone.0074699.g003

activity [5], and population aging [88] may alsc explain possible
trend toward an increasing rate of diabetes incidence in Japan.
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Table 3. Meta-regression analyses of the incidence rate of
diabetes with stratification according to year of study
initiation (before the year 2000 vs. in the year 2000 or later).

Ratio of
incidence rate” Adjusted Residual I2
Study characteristic

(95% Cl) p valueR? (%)

047 (0.21-1.04) 006 124
057(0.32-1.03) 0.06 113
0.66(0.33-1.33) 024 17

Nonurban areas

5-year increase in follow-up-

Studies in the year 2000

or later (N = 8) —
133(067-264) 035 14

132 (0.52-3.34) 0.49

Popuator-bas

Nonurban areas

perio .
5-year increase in year of

o 0.82(0.17-3.86) 076 -214 98.1
study initiation

Abbreviation:

* Incidence rate with characteristic divided by incidence rate without
characteristic. Ratios < 1 correspond to a smaller incidence rate for studies with
the characteristic.

Future studies using the standardized definition of incident type
2 diabetes are warranted to clarify the trend in the incidence of
diabetes in Japan.
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