Table 1-—Stratified analyses of pooled RR of ACM for high versus low PA

Kodama and Associates

Number of P value of
datasets* RR (95% CI) Qstatistics 1> (%)  heterogeneity ~ Meta-regression**
Tow 13 06000520700 450 733 <
Country e = ' i k G -
us.oo _0.59 (0.49-0.70) 86 002 Referent
SRR : ki 4 e eaee i

Mean age (yéars)

‘ Nonspeaﬁed ,
Validation of PA questionnaire

10.50(0.36-070)
0.64 (0.52-0.78)

Referent
02

 Referent

0.20 (0.07-0.57)
- 0.64(0.55-0.75
0.55 (0.36-0.80)

N o 2 (o 45-0.87)
0.59(0.50-0.71)

© 058(048-069) 391 74

Methods for ascertamment of mortaht

Reglstry
- Combination of reglstry

_and med1ca1 record

0.62(0.51-0.76)

5108059 L1

0.58 (0.43-0. 78)
. 0,59 (0 49—O 70)

*Total number of studies was 12. One study (Moy et al. [15]) had two separate datasets by sex. **Represents test for significance of the study modification across
strata. ***Cut-off value was 27.8 kg/m” for men, 27.3 kg/m? for women, and 27.5 kg/m® for men and women combined (10). ****Age, sex, blood pressure (or
hypertension), and total cholesterol level (or dyslipidemia) were spec1ﬁed as classic risk factors.

(14). To standardize the PA dose, we
used a common unit (MET-h), where 1
MET-h corresponds to energy expendi-
ture (EE) while sitting at rest for 1 h. For

example, a person who regularly walks 3
h/week at 3 METs of intensity has an EE
calculated as 3 X 3 = 9 MET-h/week. In
the study (15) that estimated the PA dose

in terms of kcal, PA was converted to
MET-h by dividing the product of the co-
efficient B = 1.05 and mean body weight
estimated from mean BMI, where we
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assumed that 1 MET-h = 1.05 kcal/kg and
the mean height of men was 1.75 m and
that of women was 1.60 m. If PA was ex-
pressed as daily total EE (16), we assumed
that daily total PA is equal to total EE mi-
nus resting EE although, strictly speaking,
the estimated PA would be lower than the
actual PA due to ignoring the resting met-
abolic rate during exercise.

When a study expressed PA as a
specific activity (e.g., walking, gardening,
etc.) and its duration, we defined the
intensity of the activity according to the
globally used compendium of PAs by
Ainsworth et al. (17): gardening, 5.5
METs; cycling, 7.5 METs; lifting, 6
METs; swimming, 6 METs; aerobics, 5.5
METs; jogging, 7.3 METs; golf, 4.8 METs;
basketball, 6.5 METs; tennis, 5.5 METs;
and brisk walking, 4.3 METs. This com-
pendium (17) defines the intensity of
light, moderate, and vigorous PA as <3,
3-6,and >6 METs, respectively. We con-
verted the point estimates of intensity of
these PAs into 1.5, 4.5, and 7.5 METs.

Firstly, we assumed a log-linear re-
lationship between PA and ACM and
CVD risk and adopted weighted, least-
squared regression models. Secondly, we
added the restricted cubic spline regres-
sion model for further investigation of the
shape of the relationship. In these models,
the log RR for each nonreferent group was
regressed on the higher PA dose com-
pared with the lowest PA category. Data
were analyzed using STATA software
version 12 (StataCorp, College Station,
TX). Two-sided P < 0.05 was considered
as statistically significant except for the
test of publication bias, in which the level
of significance was P < 0.10 (18).

RESULTS

Literature search

Supplementary Fig. 1 shows details of the
literature search. Of 4,815 articles re-
trieved from the combination of MED-
LINE and EMBASE electronic literature
searches, 17 studies (15,16,19-33) met
the prespecified inclusion criteria. Only
one study (20) was a retrospective cohort
study and in only one study (15) did all
patients have type 1 diabetes. Neverthe-
less, these studies were included in this
meta-analysis.

Supplementary Table 2 shows the de-
tails of the characteristics of the 17 in-
cluded studies of which 13 and 12
assessed ACM and CVD risk, respectively.
Ten studies (15,16,21,24-26,29,31-33)
validated the instrument for measuring

PA, and quantification of PA was allowed
in seven studies (15,16,24,25,29,31,33)
of which six (15,16,25,29,31,33) and
five (24,25,29,31,33) studies assessed
ACM and CVD risk, respectively. Only
two studies (27,31) exclusively used
medical records for ascertainment of
CVD. None of the 13 studies evaluating
the risk of ACM used medical records.
Only four studies (20,22,25,26) excluded
patients who were lost to follow-up. Al-
though the consideration of confounders
varied among studies, less than half of
the included studies (eight studies)
(19,21,24-26,29,31,33) adjusted the
effect measure for all of the five follow-
ing classic CVD risk factors: age, sex,
smoking, dyslipidemia, and hypertension.
The details of the confounding factors in
each study are shown in Supplementary
Table 3.

Qualitative assessment of the
association of high PA with ACM and
CVD risk

Of the 17 included studies, 13 and 12
assessed ACM and CVD risk, respectively.
In two studies that assessed the risk of
ACM and CVD, the same patients were
investigated (25,26). We chose one of
these studies (26) for the qualitative anal-
ysis because it assessed total PA while the
other study (25) examined the risk of
ACM and CVD according to several types
of PA. However, we used the latter study
(25) for the subsequent quantitative anal-
ysis because it allowed quantification of
PA while the former (26) did not. One
study (15) that investigated ACM risk
had two datasets since men and women
were analyzed separately. Finally, the
number of available datasets for ACM
and CVD risk in relation to high PA was
13 and 11, respectively.

Figure 1 is a forest plot for ACM and
CVD risk in relation to high PA in patients
with diabetes. The definition of the highest
and lowest PA varied among studies. The
pooled RR (95% CI) of ACM and CVD
was 0.60 (0.52-0.70) and 0.71 (0.60-
0.84), respectively. Between-study het-
erogeneity in the log RR was highly
significant (P < 0.001 for ACM risk;
P < 0.001 for CVD risk. However, the
risk measure was below 1 except for
two studies [28,29]).

Table 1 (ACM risk) and Table 2 (CVD
risk), respectively, show the results of the
stratified analyses for the key study char-
acteristics and of the meta-regression
analyses testing the significance for the ef-
fect of the characteristics on the magnitude

of the risk measure for the highest versus
lowest PA group in patients with diabetes.
The lower risk associated with high PA was
remarkable in studies that excluded dia-
betic patients who were lost to follow-up
for both ACM and CVD risk (P < 0.001
and P = 0.006, respectively). Additionally,
ACM risk was lower in studies with a rela-
tively older population (mean age =60
years) (P = 0.03), and CVD risk was lower
in studies with adjustment for classic CVD
risk factors (P = 0.003). However, lower
risks of ACM and CVD were consistently
observed throughout all strata with each
study characteristic.

Statistically significant publication
bias was suspected for ACM risk (P =
0.04 for the Begg and Egger tests) while
it was not for CVD risk (Begg test, P =
0.39; Egger test, P = 0.24). The visual fun-
nel plot as shown in Supplementary Fig. 2
also suggested publication bias that tended
to overestimate the lower risk of ACM
associated with the high PA due to missing
studies showing a nonsignificant associa-
tion that should have been published.
Therefore, we tried to detect the predicted
missing studies and adjusted for the
publication bias using the trim and fill
method as described in RESEARCH DESIGN
AND METHODS. However, ACM risk was
not changed after the adjustment be-
cause of insufficient statistical power
to detect these hypothetical missing
studies.

Dose-response relationship between
PA and ACM or CVD risk

Figure 2 illustrates the linear and spline
regression curves describing the loga-
rithm of ACM and CVD risk against the
higher weekly PA in terms of MET-h in
patients with diabetes. The linear regres-
sion model had high goodness of fit for
the risk of ACM (adjusted R*=044,P=
0.001) and CVD (adjusted R* = 0.51, P =
0.001), with the result thata 1 MET-h/day
incrementally higher PA was associated
with 9.5% (95% CI, 5.0-13.8%) and 7.9
(4.3-11.4) reductions in ACM and CVD
risk, respectively. Spline regression curves
also indicated high goodness of fit for
the risk of ACM (adjusted R* = 0.60,
P = 0.003) and CVD (adjusted R* = 0.57,
P = 0.01). The spline curve showed the
tendency of an accelerated risk reduction
for ACM and attenuated risk reduction
for CVD with a high PA dose. However,
the goodness of fit was not significantly
different between linear and spline mod-
els (P = 0.14 for ACM risk; P = 0.60 for
CVD risk). For consideration of the

474

DiaBeTES CARE, VOLUME 36, FEBRUARY 2013

— 221 —-

care.diabetesjournals.org



A

Kodama and Associates

% PA
First author (Ref) Year RR (85% Cl) Weight Highest Lowest
1
1
Ford (22) 1991 "'.'1' 0.40 (0.26, 0.64) 6.04 much exercise for recreation little or no exercise for recreation
1
1
Moy (15) 1993 men 6———-‘———5- 0.16 {0.04, 0.70) 0.93 PA dose >4,228 kcal/iweek <398 keallweek
1
'
women #* 0.25 (0.05, 1.10) 0.87 PA dose >2,360 kcallweek <168 kcallweek
]
Wei (33) 2000 -" 0.59 (0.42, 0.81) 8.53 did aerobic exercise recently no aerobic exercise
Gregg (23) 2003 - 0.71 (0.58, 0.86) 11.82 LTPA 22 hiweek LTPA <1 hiweek
Tanasescu 2003 0.72(0.67, 0.78) 14.43 237.2 MET-hiweek <5.1 MET-h/week
@1 N
Gaziano (19) 2005 -.- 0.49(0.33, 0.73) 7.04 vigorous exerise 25 times/week rarely or no exercise
1
Hu (26) 2005 . 0.52 (0.45, 0.60) 13.08 to vigorous PA regul no mederate to vigorous PA
1
Trichopoulou 2006 e : 0.24 (0.11, 0.52) 281 energy expenditure 237 MET-h/day energy expenditure <30 MET-h/day
(16) ]
Smith (20) 2007 --- 0.54 (0.33, 0.88) 5.50 walking 21 mile/day no walking
1
'
Nothlings (28) 2010 - 1.00 (0566, 152) 6.61 LTPA23.5 hiweek LTPA <3.5 h/week
'
de Fine Olivarius (21) 2010 '-' 0.62 (0.46, 0.83) 9.20 LTPA 24 hiweek only sedentary activities
Vepsildinen (32) 2011 . 0.79 (0.68, 0.91) 13.13 exercise at 24 METs of intensity not exercise at 24 METs of intensity
Overall (F=73.3%, P=0.000) e 0.60 (0.52, 0.70) 100.00
1
1
1
NOTE: Weights are from random-effects analysis 3
1
1T 1
05 1 2 501 2
B }
PA
First author (Ref) Year RR (95% CI) Weight Highest Lowest
L}
[l
Ford (22) 1991 ——-—.——}— 0.38 (0.15, 0.94) 273 much exercise for recreation little or no exercise for recreation
1
1
Hu (24) 2001 —--.1-- 0.55 (0.26, 1.15) 3.87 moderate or vigorous PA 27 hiweek moderate or vigorous PA <1 hiweek
1
Gregg (23) 2003 . 0.76 (0.57, 1.02) 10.77 LTPA 22 h/week LTPA <1 hiweek
1
Tanasescu 2003 -" 0.72 (0.47, 1.10) 7.99 237.2 MET-h/week <5.1 MET-h/week
@1
Hu (26) 2005 . 0.52 (0.44, 0.62) 13.92 moderate to vigorous PA regularly no moderate to vigorous PA
[
Smith (29) 2007 : 1.05 (0.48, 2.30) 3.52 walking 21 mile/day no walking
Spencer (30) 2008 0.90 (0.81, 1.00) 15.38 strenuous exercise 21 time/week strenuous exercise <1 time/week
Li(27) 2009 0.70 (0.52, 0.94) 10.90 continuous walking 22 times/week no walking
de Fine Olivarius (21)2010 0.64 (0.43, 0.95) 8.49 LTPA 24 hiweek only sedentary activities
Vepsalaginen 2011 0.78 (0.62, 0.98) 12.55 exercise at 24 METs of intensity no exercise at 24 METs of intensity
(@2)
Cipollini (20) 2011 0.76 (0.55, 1.06) 9.89 vigorous PA by job, biking, or sports regularly no vigorous PA
Overall (£ =70.6%, P = 0.000) 0.71 (0.60, 0.84) 100.00

NOTE: Weights are from random-effects analysis

[

05 A 2

Figure 1—Pooled risk with 95% CI of ACM (A) and CVD risk (B) for the highest vs. the lowest PA in patients with diabetes. Point estimates in each
study and the overall risk measure are indicated in circles and diamonds, respectively. Horizontal lines indicate the range of 95% CI. Areas of the
square are proportional to the study weight (i.e., inverse of variance).

influence of the PA type, we additionally
conducted multivariate linear and spline
regression where both the higher PA dose
and the PA type (i.e., total PA, LTPA, or

walking) were entered as independent var-
iables. However, results after adjustment
for the PA type were unchanged (data not

shown).

CONCLUSIONS—According to the
report of the International Association
for the Study of Obesity (34), the PA level

that was defined as the ratio of average
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Table 2—Stratified analyses of pooled RR of CVD

Number P value of
of studies RR (95% CD Qstatistics 7 (%)  heterogeneity ~ Meta-regression*

Towl o u 0n6-083) 3
Outcome ofinterest =~ e
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Continued on p. 477
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Table 2—Continued

Kodama and Associates

Number P value of
of studies RR (95% CI) Qstatistics ~ [*(%)  heterogeneity ~ Meta-regression*
Adjustment for classical risk factors*** o S
“No o 6 0.84(0.77-091) 74 322019 . Referent
Yes 5 0.57 (0.49-0.66) 49 18.7 0.30 0.003

*Represents test for significance of the study modification across strata. **Cut-off value of mean BMI in each study was 27.8 kg/m? for men, 27.3 kg/m? for women,
and 27.5 kg/m? for men and women combined (10). ***Age, sex, blood pressure (or hypertension), and total cholesterol level (or dyslipidemia) were specified as

classic risk factors.

daily metabolic rate to resting metabolic
rate ranged from 1.5-1.6 for men and
1.4-1.5 for women in sedentary groups.
Additionally, in general, the minimum PA
volume for avoiding a sedentary lifestyle
was indicated to be 30 min of daily activ-
ity at 3 METs of intensity (34). In the
studies in the current meta-analysis, the
mean PA dose in the lowest group was at
most 30 MET-h/day in terms of EE (i.e.,
1.25 [= 30/24] in the PA level unit) or
30 min/day of LTPA. Therefore, these
PA levels can be considered to represent
inactivity. The results of the current meta-
analysis can be interpreted to indicate
that a high PA in patients with diabetes
was associated with a 40 and 29% lower
risk of ACM and CVD, respectively, in
comparison with inactivity, although def-
initions of high PA varied among studies.
In comparison with other lifestyle factors,
these values corresponded to the CVD
risk reduction for daily light-to-moderate
alcohol consumption compared with
rarely or never drinking in diabetic pa-
tients (35). In other words, an inactive
lifestyle is interpreted to have a 1.64-
fold (= 1.0/0.61) and 1.40-fold (= 1.0/

PA vs. ACM risk

0.71) risk of ACM and CVD, respectively,
compared with an active lifestyle. These
risk values are comparable to those for
smoking in comparison with no-smoking
in diabetic patients (ACM risk, 1.6 [22];
CHD risk, 1.8 [36]).

Although observational studies are
generally subject to high risk of bias that
correlates with low strength of evidence,
the strength of evidence for PA benefit in
prevention of ACM and CVD can be
increased to moderate according to the
Evidence-based Practice Center approach
(37) for the following two reasons: 1)
presence of a dose-response pattern be-
tween PA dose and lower risk of ACM or
CVD risk and 2) absence of plausible con-
founders, in particular, the main classic
CVD risk factors, which can decrease the
observed effect as indicated in the several
stratified analyses (Tables 1 and 2). The
major concemn in judging the strength of
evidence is a statistically suspected publi-
cation bias for the lower ACM risk asso-
ciated with high PA, which may change
the strength of the association.

As previously described, the results of
this meta-analysis suggested that the

lower risk of ACM or CVD associated
with daily PA was not only qualitative but
was dependent on the PA dose, which
was, in most part, explained by log-
linearity. The Physical Activity Guidelines
for Americans from the U.S. Department
of Health and Human Services recom-
mended 150 min/week of moderate in-
tensity PA to achieve a total of 8.3 MET-h/
week of EE as the minimum PA level
required for substantial health enhance-
ment (medium PA) and 150 min/week of
vigorous PA or 300 min/week of moder-
ate PA to achieve a total of 16.7 MET-h/
week of EE as the minimum PA level
required for additional health benefit
(high PA) (38). The medium/high PA
level was estimated to lower the risk of
ACM by 11.2%/21.2% and CVD by
9.3%/17.9%. The strength of the associa-
tion between the increase in PA and the
lowered risk in patients with diabetes was
comparable to that in the general popula-
tion in both ACM (14%/26%) (39) and
CVD (14%/20%) (14).

It may be difficult for most working
people to find much time to engage in PA.
Moreover, diabetic patients often have

PAvs. CVD risk
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Figure 2—Relationship between higher weekly PA and the logarithm (log RR) of ACM and CVD risk in patients with diabetes. Solid line indicates
a log-linear relationship. Dashed line and the area surrounded by the dotted line indicate the cubic spline regression curve and its accompanying 95%
confidence region, respectively. Size of each data point is proportional to its statistical weight.
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various barriers to exercise, which inevi-
tably restrict the total amount of habitual
PA (40). Therefore, most people will want
to know the minimum level below which
PA has no benefit or above which PA has
no additional benefit. However, the spline
curve indicating the relationship between
PA dose and lower risk of ACM and CVD
risk neither detected these levels nor had
significant improvement in goodness of
fit compared with linearity. Current re-
sults suggested that any amount of habit-
ual PA was better than none, although PA
cannot be too great from the viewpoint of
cardiovascular benefit and longevity in
people with diabetes.

Several limitations should be ad-
dressed. First, we combined LTPA and
total PA in the dose-response relationship
between PA and ACM or CVD risk be-
cause too few studies analyzed them
separately. However, after adjustment
for the PA type, the result of regression
analysis was unchanged. Nevertheless,
the estimated PA might not reflect true
PA because different studies used differ-
ent questionnaires, and different studies
quantified different spectra of PA even
within each PA type. Second, the current
meta-analysis based on observational
studies could not principally prove cau-
sation nor avoid the possibility of residual
confounding for the observed association.
Third, the current stratified and meta-
regression analyses based on stratification
generally had insufficient statistical power
to detect a significant interaction because
of the limited number of included studies.
Fourth, publication bias toward the over-
estimation of the risk reduction was sus-
pected in ACM. We had difficulty in
controlling the bias, considering that the
belief in PA-related benefits is so strong
that researchers possibly hesitated to re-
port negative data. Lastly, it should be
noted that there were no eligible data on
ACM or CVD risk in relation to PA for
Asian diabetic populations, an issue that
should be investigated in the future.
Therefore, we could not stratify the anal-
ysis into Asian/non-Asian populations,
although alternatively data were stratified
according to country (U.S./non-U.S).

Despite these limitations, our study
has strength in that it is the first to
estimate quantitatively the magnitude of
risk reduction in ACM and CVD that
could be expected by habitnal PA in
patients with diabetes and, in particular,
to clarify the dose-response association.
In conclusion, results of the current meta-
analysis suggested that more PA was

associated with a larger reduction in
future ACM and CVD risk in patients
with diabetes. Nevertheless, any amount
of habitual PA was better than inactivity.
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Context: Recently, several studies have investigated the relationship between diabetes and hear-
ing impairment, but results were inconsistent.

Objective: Our objective was to compare the prevalence of hearing impairment between diabetic
and nondiabetic adults.

Data Sources : We performed a systematic literature search using MEDLINE (1950 to May 30, 2011)
and EMBASE (1974 to May 30, 2011).

Study Selection: Cross-sectional studies were included if data on numbers of hearing-impaired and
non-hearing-impaired cases with diabetes were presented. Hearing impairment was limited to that
assessed by pure-tone audiometry that included at least 2 kHz of frequency range and was defined
as progressive, chronic, sensorineural, or without specified cause.

Data Extraction: Two authors independently extracted relevant data. Odd ratios (ORs) of hearing
impairment related to diabetes calculated in each study were pooled with the random-effects
model.

Data Synthesis: Data were obtained from 13 eligible studies (20,194 participants and 7,377 cases).
Overall pooled OR (95% confidence interval) of hearing impairment for diabetic participants
compared with nondiabetic participants was 2.15 (1.72-2.68). OR was higher in younger partici-
pants (mean age, =60 yr) than in those over 60 yr among which the OR remained significant (2.61
and 1.58, P = 0.008). The strength of the association between diabetes and prevalence of hearing
impairment was not significantly influenced by whether participants were matched for age and
gender (P = 0.68) or whether participants chronically exposed to noisy environments were ex-
cluded (P = 0.19).

Conclusions: Current meta-analysis suggests that the higher prevalence of hearing impairment in
diabetic patients compared with nondiabetic patients was consistent regardless of age. (J Clin
Endocrinol Metab 98: 0000-0000, 2013)

revalence of hearing impairment is dramatically in-
P creasing with the development of an aging society.
The number of those with impaired hearing more than
doubled in the period from 1995-2004 (from 120 million
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to 275 million) (1, 2). The World Health Organization
(WHO) (3) defines hearing impairment as pure-tone
thresholds of more than 25 dB hearing loss in the better
ear, above which the hearing impairment makes it difficult

Abbreviations: Cl, Confidence interval; OR, odds ratio.
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3158 citations were found in MEDLINE and
ENMBASE databases using search terms

H references were obtained
from manual searches

2814 citations were excluded
hased on title and abstract |

355 potentially relevant studies were left
formore detailed evaluations

|
|
|
]

342 articles were excluded for the following reasons:
15 were case-report studies,
1 used prospective design
16 did not clarify definitions of HI
I inchuded noise-induced T as o study outcome
liomieter for ing HI
I did not include 2 Kz in the T frequency
285 did not make it possible estimarte the HI visk
6 overlapped study population with other studies
I did ot analyze DM as an independent varinble
(hypertension).

16 did not use pure-tone
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Hearing impairment has many ca-
uses. The most common is presbycusis,
followed by noise exposure, ototoxic
drugs, and viral infections (4). In addi-
tion to these factors, the association of
hearing impairment with diabetes is
controversial (http://www.nature.com/
news/2004/040227/full/news040223-
12.html) (7). It is believed that, over
time, high blood glucose levels can
damage the vessels in the stria vascu-
laris and nerves, diminishing the ability
to hear (8). However, there is insuffi-
cient evidence of a significant relation-
ship between diabetes and hearing im-

pairment from the epidemiological
viewpoint. Therefore, we aimed to
compare the prevalence of hearing im-
pairment between diabetic and nondi-
abetic adults.

13 articles were included in
ouranalysis |

FIG. 1. Flowchart of meta-analysis. DM, Diabetes mellitus; Hi, hearing impairment.

to hear lower than normal voices and may cause individuals
to miss parts or all of words in ordinary communication.
Epidemiologically, several health problems in relation to
hearing impairment have been reported such as depression
(4) and dementia (5). Lin et al. (5) reported that the risks of
all-cause dementia and Alzheimer’s disease for a 10-dB hear-
ing impairment increase by 27 and 20%, respectively.

Materials and Methods

Search strategy

The meta-analysis was conducted according to the checklist of
the Meta-analysis of Observational Studies in Epidemiology (9).

TABLE 1. Characteristics of studies included in the meta-analysis

Hospital or Type of Mean duration Age range
Author Year Country Designation population based diabetes of diabetes (yr) (yr) (mean) Men (%)
Bamanie et al. (30) 2011 Saudi Arabia Hospital T2DM 10.5 29-69 (46.7) 50.0
Mozaffarietal. (31) 2010  lran Population 9 T1DM 9.3 20-60 (45.0) 36.3
71 T2DM1
Uchida et al. (32) 2010 Japan NILS-LSA Population FPG >126 mg/d|, NA 40-86 50.1
HbA1C >6.5%
Cheng et al. (25) 2009 United States ~ NHANESI, Population NA 4.8 25-69 (44.9) 47.3
NHANES 6.1 25-69 (44.3) 49.1
de Sousa et al. (33) 2009  Brazil Hospital NA NA 40~ (50.5) 85.4
Aladag et al. (34) 2009  Turkey Population T2DM NA (46.9) 57
Mitchell et al. (27) 2009  Australia BMHS Population T2DM <10 (159) 55-(69.8) 42.9
=10(51)
Sakuta et al. (39) 2006  Japan SDFs Population T2DM NA 51-59 (52.8) 100
Helzner et al. (35) 2005  United States  Health ABC study Population NA NA 73-84(77.5) 473
Huang (36) 2004  China Hospital T2DM NA 23-(56.1) 54.2
Dalton et al. (37) 1998  United States  EHLS, BDES Population T2DM NA 43-84 (65.6) 43.3
Marumo et al. (29) 1984  Japan Hospital Primary DM NA 18-75 (45.5) 55.6
Minami et al. (38) 1977  Japan Hospital NA NA 15-79 61.1

BDES, Beaver Dam Eye Study; BMHS, Blue Mountains Hearing Study; EHLS, Epidemiology of Hearing Loss Study; FPG, fasting plasma glucose;
HbA1c, glycated hemoglobin level; HI, hearing impairment; NHANES, National Health and Nutrition Examination Survey; NILS-LSA, National
Institute for Longevity Sciences-Longitudinal Study of Aging; SDFs, Self-Defense Forces; T1IDM, type 1 diabetes mellitus; T2DM, type 2 diabetes
mellitus.

@ Data were based on findings for the most modestly affected ear if both ears were assessed.
b Each diabetic subject was matched with a nondiabetic subject for age and gender.
< Subjects exposed to noisy environments were excluded.
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We used an electronic literature search engine, EMBASE.com,
which makes it possible to search the MEDLINE (1950 to May 30,
2011) and EMBASE (1974 to May 30, 2011) databases simulta-
neously, to identify articles examining the relationship between di-
abetes and the prevalence of hearing impairment. We added a
manual search using the reference lists of the relevant articles. No
language restriction was imposed.

Two search themes were combined using the Boolean oper-
ator, and the first keywords were related to hearing impairment
using hearing disorder, hearing impairment, hearing loss, hy-
poacusis, monaural hearing, perception deadness, unilateral
hearing loss, hearing, deaf, and deafness as EMTREE terms, and
hearing disorder, hearing impairment, hearing loss, deaf, deaf-
ness, hearing damage, hearing defect, hearing difficulty, and im-
paired hearing as text words. The second keywords were related
to diabetes. Diabetes and diabetic were used as EMTREE terms
corresponding to MeSH terms in MEDLINE, and diabetes mel-
litus, diabetes, and diabetic as text words.

Inclusion and exclusion criteria

The study inclusion criteria were as follows: 1) observational
study using a cross-sectional design, 2) adult subjects targeted, 3)
data given on the number of hearing-impaired and non-hearing-
impaired cases in the presence of diabetes, and 4) hearing im-
pairment objectively assessed using pure-tone audiometry that
included a frequency range of at least 2 kHz.

We focused on studies using a cross-sectional design because
there has been only one prospective study on this topic (10). We
considered hearing impairment in this meta-analysis as chronic,
progressive, or sensorineural and without specific cause [e.g.

jcem.endojournals.org 3

noise or heredity (11-13) or Wolfram syndrome (14)]. The most
updated article was selected if multiple articles were published
for the same population. We included studies that examined the
prevalence of hearing impairment based on both the best and
worst ear. However, if a study presented both unilateral and
bilateral data on hearing impairment, priority was given to data
on hearing impairment in the better ear (i.e. bilateral ear) to
maintain consistency with the criteria of hearing impairment by
the WHO as much as possible.

Data abstraction

We extracted the following data from each publication: first
author’s name, year of publication, number of total and hearing-
impaired participants, mean or range of age, proportion of
males, geographic region, whether hearing loss was unilateral or
bilateral, surveyed frequency range, and definition of hearing
loss for each study.

We assessed study quality by the presence of the following
items: 1) identification of the type of diabetes, 2) description of
the mean duration of diabetes, 3) data given on the presence of
diabetic macrovascular and microvascular complications, 4) di-
abetic and nondiabetic subjects matched for age and gender, 5)
exclusion of subjects exposed to noisy environments. Two of our
investigators (C.H. and S.K.) independently abstracted these
data. Discrepancies were resolved by a third investigator (H.So.).

Data synthesis and analysis

The pooled odds ratio (OR) of hearing impairment in persons
with diabetes compared with those without diabetes was calcu-

TABLE 1. Continued

Criteria for hearing loss

. . Matched Excluded for
Number of subjects” Hearing loss (%) Symmetry of Frequency Threshold for hearing for age noisy
Total HI  Non-HI Total Diabetes Nondiabetes hearing loss range (kHz) loss (dB) and sex?  environments®
196 79 117 403 52.3 253 Bilateral and unilateral 0.25-8 >25, average No No
160 34 126 213 30.0 12.5 Unilateral 0.5-4 >25, average Yes Yes
2306 576 1730 25.0 39.1 24.0 Bilateral and unilateral  0.125-8 >25, average No No
3183 1039 2144 326 46.0 7.7 Unilateral 1-4 >25, average No No
4486 1038 3448 23.1 46.8 19.6 Unilateral 1-4 >25, average No No
625 226 399 36.2 59.3 5.0 Bilateral 2-8 >25, partial and symmetrical No Yes
100 46 54  46.0 44.4 66.0 Bilateral 0.25-8 >30, average Yes Yes
1858 735 1123 39.6 50.0 14.3 Bilateral 0.5-4 >25, average No No
697 336 361 48.2 60.2 13.0 Unilateral 0.5-6 >25, average No No
2052 1230 822 59.9 66.8 111 Unilateral 0.5-2 >25, average No No
2-8 >40, average No No
155 81 74 523 74.7 43.2 Bilateral 0.5-2 >25, average Yes Yes
3373 1536 1837 455 59.0 9.6 Unilateral 0.5-4 >25, overall No No
151 110 41 728 78.2 50.0 Bilateral 0.125-0.25 =25, partial No Yes
0.5-2 =20 No
4-8 =25 No
852 311 541 365 61.8 1.7 Unilateral 0.25-4 >15, partial No Yes
0.125,8 >20
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lated with a random-effects model using the DerSimonian and
Laird method (15) and using between-study heterogeneity de-
rived from the Mantel-Haenszel model (16). The extent of be-
tween-study heterogeneity was assessed by I-squared statistics
(17). To explore the origin of between-study heterogeneity, anal-
yses were stratified by the following prespecified confounders
that potentially influenced the study results: mean age (=60 or
<60 yr), percentage of men (250% or <50%), country (Asian
or Western), origin of the study population (general or hospital-
based population), and criteria for detection of hearing impair-
ment such as threshold (=25 dB or <25dB), frequency range (all
or partial), and ear (bilateral or unilateral). Publication bias was
statistically assessed by two formal methods: by Begg’s rank cor-
relation and Egger’s regression test (18, 19). Two-sided P value
<0.05 was considered as statistically significant except for the
test for publication bias where P < 0.10 was used (20). All anal-
yses were conducted with Stata statistical software version 11
(Stata Corp., College Station, TX).

Results

Literature research and study characteristics

Figure 1 shows details of the literature search. First,
3158 citations were identified. Of these, 2814 articles
were excluded according to information given in the title
and abstract, and 355 articles, including 11 articles ob-
tained from the manual search, were included for a more
detailed review. The review identified four articles (21-24)
that were based on overlapping data from the National
Health and Nutrition Examination Survey (25), one arti-
cle (26) that was based on overlapping data from the Blue
Mountains Hearing Study (27), and one article (28) that
was based on overlapping data from the study of Marumo
et al. (29). We avoided duplicate inclusion of data by se-
lecting only the more complete article from each study.
Finally, 13 articles describing studies with a cross-sec-
tional design met our initial inclusion criteria. A complete
reference list of studies included in our meta-analysis is
reported in the Supplemental Data.

Characteristics of the 13 selected studies comprising
20,194 participants (range, 100-7669) and 7377 cases
(range, 46-2077) of hearing impairment are shown in
Table 1. Twelve studies included both males and females
(25, 27, 29, 30-38), and one study involved males only
(39). No study involved females only. In a large number of
included studies (nine studies) (25,2931, 33, 34, 36, 38,
39), the mean age of participants was 60 yr or less. Eight
studies (27, 30-32, 34, 36, 38, 39) were of the Asian re-
gion and five studies (25, 33, 35, 37, 38) of non-Asian
regions. In five studies (29, 30, 33, 36, 38), participants
were hospital based, and in eight studies (25, 27, 31, 32,
34, 35, 37, 39), participants were from the general pop-
ulation. All studies described the method for assessment of
hearing impairment. Most studies (10 studies) (25,27,29,

Diabetes and Hearing Impairment: A Meta-Analysis
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30-32,35-37,39) used 25 dB for the hearing impairment
threshold with the exception of three studies (33, 34, 38)
that used 26, 30, and 20 dB, respectively, as the threshold.
Therefore, in all of those included studies, the threshold
levels were almost consistent with that of hearing impair-
ment according to the WHO (3). Six studies surveyed uni-
lateral hearing impairment only (25, 31, 35, 37-39), and
five surveyed bilateral hearing impairment only (27, 29,
33, 34, 36). The remaining two studies included both uni-
lateral and bilateral hearing impairment (30, 32). In 10
studies, hearing impairment was declared if the disability
was present at all frequency ranges, (25,27, 30-32, 34—
37, 39), and in three studies, impairment was declared if
the disability was observed in one or more frequencies (29,
33, 38).

Nine of 13 studies (27,29-32,34,36,37,39) identified
the type of diabetes. Six studies (27, 29, 34, 36, 37, 39)
included only participants with type 2 diabetes, and three
studies (29, 31, 32) included both type 1 diabetic and type
2 diabetic participants. Mean duration of diabetes was
given in only four studies (25, 27, 30, 31). No study de-
scribed diabetic complications experienced by the sub-
jects. In three studies (31, 34, 36), each diabetic subject
was matched with a nondiabetic subject for age and gen-
der. Insix studies (29, 31, 33, 34, 36, 38), subjects exposed
to noisy environments were excluded; however, no study
matched diabetic subjects with nondiabetic subjects ac-
cording to locations in which specific sources of noise ex-
posure existed, such as industrial, farming, and urban
areas.

Overall estimate of prevalence of hearing
impairment associated with diabetes

Three studies consisted of two datasets; two (30, 31)
analyzed bilateral and unilateral hearing impairment
separately, and one (25) included two independent re-
search studies. One study (32) was composed of four
datasets based on both age bracket and symmetry of
hearing impairment.

A total of 19 datasets were included in this meta-anal-
ysis. We used the data surveyed for unilateral hearing im-
pairment (30-32) when the results of the same study over-
lapped. Figure 2 shows the pooled estimates for hearing
impairment in persons with diabetes. The overall pooled
OR of hearing impairment for diabetic patients compared
with the nondiabetic participants was 2.15 [95% confi-
dence interval (CI) = 1.72-2.68]. Between-study hetero-
geneity was highly significant in the strength of the asso-
ciation (I = 76.2%; P < 0.001). Only one study, that
reported by Aladag et al. (34), indicated the negative as-
sociation between diabetes and hearing impairment risk.
However, between-study heterogeneity after excluding
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FIG. 2. Forest plot of ORs of hearing impairment (Hl) for diabetic participants compared with
nondiabetic participants. The size of squares reflects the statistical weight of each study.

Pooled OR is indicated by unshaded diamond.

this study remained highly significant (I* = 76.0%; P <
0.001). Publication bias was not statistically detected by
Egger’s test (P = 0.79) and Begg’s test (P = 0.54).

Stratified analysis

Table 2 shows the results of the stratified and meta-
regression analyses across a number of key study char-
acteristics to explore the origin of the heterogeneity and
the influence of the characteristics on study results. A
positive association between diabetes and prevalence of
impaired hearing was consistently observed throughout
all strata of the specified study characteristics. No sig-
nificant difference in the strength of the association of
diabetes with hearing impairment was observed accord-
ing to whether hearing impairment was unilateral or
bilateral [2.21 (95% CI = 1.55-3.15) and 2.10 (95%
CI = 1.54-2.87), P = 0.85].

A statistically stronger association between hearing im-
pairment and diabetes incidence was observed in the
younger participants (mean age of participants, =60 yr) in
comparison with those over 60 yr, and the difference was
statistically significant [2.61 (95% CI = 2.00-3.45) and
1.58 (95% CI = 1.38-1.81), P = 0.008]. Studies com-
prised of hospital-based populations reported a signifi-
cantly stronger association than those studies of the gen-
eral population [3.56 (95% CI = 2.51-5.05) and 1.90
(95% CI = 1.51-2.41), P = 0.05]. When the study that
defined the threshold of hearing impairment as more than
25 dB was excluded, the pooled risk of hearing impair-
ment was 2.08 (95% CI = 1.65-2.62), but the influence of
the exclusion was not significant (P = 0.35). The strength
of the association between diabetes and hearing impair-

hearing impairment in subjects with dia-
betes was 2.1-fold more prevalent than in
those without diabetes. The significant
association between hearing impairment
and diabetes was maintained throughout
several subgroup-stratified analyses.

Especially, it is well known that aging is associated with
both prevalence of hearing impairment and diabetes. There-
fore, it is possible that the observed significant relationship
between hearing impairment and diabetes is merely a phe-
nomenon of aging. However, according to the stratified anal-
yses, d stronger association was observed in studies of
younger participants (mean age of participants, <60 yr)
compared with studies of older participants. Nevertheless,
the OR remained significant when studies were limited to
those with participants having a mean age over 60 yr. In
addition, a nonsignificant but larger OR was observed in
age-matched studies compared with those not age matched,
although there were only three studies in which participants
were age matched. Our results suggest an independent asso-
ciation of hearing impairment and diabetes, although the
possibility of residual confounding by age cannot be
eliminated.

A meta-analysis of observational studies in principle can
never prove causality. However, there is a plausible expla-
nation of why diabetes could lead to progression of hearing
impairment. Fukushima et al. (8) reported that thickened
walls of vessels in the stria vascularis and their atrophy were
observed in patients treated with insulin or hyperglycemic
agents compared with those in healthy subjects. It will be
important to clarify the dose-response association between
the severity of diabetes and risk of hearing impairment (i.e.
the relationship between hyperglycemia, duration of diabe-
tes, and the prevalence of hearing impairment) for elucidat-
ing the causality between hearing impairment and diabetes
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TABLE 2. Stratified analyses of pooled OR of hearing loss for diabetes mellitus patients compared with control

participants

No. of Q P value of
data units OR (95% Cl) statistics 12 (%) heterogeneity Meta-regression?
Bilateral vs. unilateral
Bilateral 6 2.10(1.54-2.87) 34.4 85.5 <0.001 Referent
Unilateral 9 2.21(1.55-3.15) 241 66.8 0.002 0.85
Mean age (yr)
=60 112 2.61(2.00-3.45) 32.2 68.0 <0.001 Referent
>60 50 1.58 (1.38-1.81) 8.8 54.6 0.066 0.008
% Men
=50% 7 2.10(1.57-2.80) 36.0 83.3 <0.001 Referent
>50% 9 2.39(1.62-3.54) 26.2 69.4 <0.001 0.66
Region
Asia 9 2.37 (1.75-3.22) 23.4 65.9 0.003 Referent
Non-Asia 6 1.89 (1.33-2.70) 35.5 85.9 <0.001 0.29
Study. population
Hospital based 4 3.56 (2.51-5.05) 4.1 27.2 0.25 Referent
Population based 11 1.90(1.51-2.41) 454 78.0 <0.001 0.05
Impaired frequency range
Full range 13 2.06 (1.62-2.61) 54.9 78.1% <0.001 Referent
Partial range 2 3.02 (2.05-4.46) 0.26 0.0 0.61 0.34
Study quality
Type of diabetes
Type 2 diabetes mellitus only 6 2.07(1.46-2.95) 199 74.8 0.001 Referent
Type 1 and type 2 diabetes mellitus 4 1.83(1.33-2.51) 3.8 20.7 0.29 0.67
Not available 5 2.33(1.53-3.53) 313 87.2 <0.001 0.56
Age and sex matched
Not applied 12 2.06 (1.66-2.56) 43.3 74.6 <0.001 Referent
Applied 3 2.58(0.79-8.38) 13.8 85.5 0.001 0.68
Whether subjects exposed to noisy
environments were excluded
Not excluded 9 1.92 (1.51-2.45) 383 79.1 <0.001 Referent
Excluded 6 2.74(1.69-4.45) 14.2 64.8 0.014 0.19

Except for the top characteristic, assessed ear, data based on the better ear were used if both the better and worst ear were assessed.
@ Represents the test for the significance of the study modification across strata.
2 One study by Minami et al. (38) presented data by age (<60 and >60 yr). Therefore, the total number of data is 16.

mellitus. Furthermore, the significance of strict glycemic con-
trol in the prevention of hearing loss should be studied.

Limitations of this meta-analysis must be considered.
First, our meta-analysis is based on findings of observa-
tional studies; therefore, it is impossible to control residual
confounders linking diabetes and hearing impairment
(e.g. drug use) (6). Second no data were provided on the
prevalence of diabetic complications in any of the included
studies. Given that microangiopathy in the inner ear was
suggested in patients with diabetes (8), it is possible that
the severity of diabetes might influence the strength of
the association between diabetes and hearing impair-
ment and produce between-study heterogeneity in the
association. That possibility might have been reflected
by the result of the stratified analysis that showed a
stronger association in hospital-based populations that
included patients with severe diabetes compared with
studies of general populations.

Third, we limited our analysis to adult-onset hearing
impairment. However, persons with hearing impairment

before adulthood might have been included among sub-
jects in this meta-analysis. For example, it is possible that
patients with diabetic cheiropathy developed asymptom-
atic hearing impairment before adulthood, although there
has been no report showing clear evidence for the coex-
istence of hearing impairment among such patients.

Fourth, there were no studies that matched diabetic indi-
viduals and nondiabetic individuals in locations where
sources of noise exposure were similar. Therefore, the extent
of noise exposure might have been different between diabetic
and nondiabetic subjects. However, noise exposure is un-
likely to be a confounder because the current stratified anal-
ysis indicated that the strength of association between dia-
betes and prevalence of hearing impairment was not
significantly influenced by whether or not subjects who were
chronically exposed to a noisy environment were excluded.

Finally, publication bias is inevitable because research-
ers are not as likely to report negative findings. Its possi-
bility could not be ruled out even if it were not statistically
derived.
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In conclusion, our meta-analysis indicated a signifi-
cantly higher prevalence of hearing impairment in patients
with diabetes compared with that in nondiabetic people.
Moreover, the finding is likely to be independent of the
effect of aging or a noisy environment. Additional studies
are needed to clarify the relationship between diabetes
severity and prevalence of hearing impairment and the
effect of glycemic control on hearing loss.
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HbA, 5-7-6-4% and impaired fasting plasma glucose for
diagnosis of prediabetes and risk of progression to diabetes
in Japan (TOPICS 3): a longitudinal cohort study

Yoriko Heianza, Shigeko Hara, Yasuji Arase, Kazumi Saito, Kazuya Fujiwara, Hiroshi Tsuji, Satoru Kodama, Shiun Dong Hsieh, Yasumichi Mori,
Hitoshi Shimano, Nobuhiro Yamada, Kinori Kosaka, Hirohito Sone

Summary

Background The clinical relevance of the diagnostic criteria for prediabetes to prediciion of progression to diabetes
has been little studied. We aimed to compare the prevalence of prediabetes when assessed by the new glycated
haemoglobin A,  (HbA,) 5-7-6-4% criterion or by impaired fasting glucose, and assessed differences in progression
rate to diabetes between these two criteria for prediabetes in a Japanese population.

Methods Our longitudinal cohort study included 4670 men and 1571 women aged 24-82 years without diabetes at
baseline (diabetes was defined as fasting plasma glucose =7-0 mmol/L, self-reported clinician-diagnosed diabetes, or
HbA, =6-5%) who attended Toranomon Hospital (Tokyo, Japan) for a routine health check between 1997 and 2003.
Participants with a baseline diagnosis of prediabetes according to impaired fasting glucose (fasting plasma glucose
5.6-6-9 mmol/L) or HbA, 5-7-6-4%, or both, were divided into four groups on the basis of baseline diagnosis of
prediabetes. Rate of progression to diabetes was assessed annually.

Findings Mean follow-up was 4-7 (SD 0-7) years. 412 (7%) of 6241 participants were diagnosed with prediabetes
on the basis of the HbA,_ 5-7-6-4% criterion. Screening by HbA, alone missed 1270 (61%) of the 2092 prediabetic
individuals diagnosed by a combination of impaired fasting glucose and HbA, 5-7-6-4%. Overall cumulative
probability of progression to diabetes did not differ significantly between participants with prediabetes discordantly
diagnosed by either HbA,_ or impaired fasting glucose alone (incidence was 7% for HbA,_ alone [n=412 individuals
and 30 incident cases] and 9% for impaired fasting glucose alone [n=1270, 108 cases]; log-rank test, p=0-3317).
Multivariate-adjusted hazard ratios for incident diabetes were 6-16 (95% CI 4-33-8-77) for those diagnosed with
prediabetes by impaired fasting glucose alone and 6-00 (3-76-9-56) for diagnosis by HbA, alone, and were
substantially increased to 31.9 (22-6-45-0) for diagnosis by both impaired fasting glucose and HbA,  compared
with normoglycaemic individuals.

Interpretation Diagnosis of prediabetes by both the new HbA,, criterion and impaired fasting glucose identified
individuals with an increased risk of progression to diabetes. Although the new HbA, criterion identified fewer
individuals at high risk than did impaired fasting glucose, the predictive value for progression to diabetes assessed by
HbA,, 5-7-6-4% was similar to that assessed by impaired fasting glucose alone. The two tests used together could
efficiently target people who are most likely to develop diabetes and allow for early intervention.

Funding Japan Society for the Promotion of Science; Ministry of Health Labor and Welfare, Japan.

Introduction

In prediabetes, blood glucose concentrations are higher
than normal, but are not high enough for diagnosis of
diabetes. The disorder is thought to place individuals at
high risk of future diabetes, according to the American
Diabetes Association (ADA)." ADA guidelines suggest
targeting of individuals identified as having prediabetes
for early intervention.! A new criterion has been proposed
for the diagnosis of prediabetes: glycated haemoglobin
A, (HbA,) 5-7-6-4%. However, the performance of
HbA,, as a screening test for identification of prediabetic
individuals has been controversial.** Many individuals
who were diagnosed as having prediabetes on the basis
of impaired fasting glucose are reclassified as not having
the disorder when the new HbA, 5-7-6-4% criterion is
used; thus, screening by HbA, alone might miss a large

www.thelancet.com Vol378 July 9, 2011

number of prediabetic individuals.*® The new criterion’s
performance in detection of prediabetic individuals
differs according to ethnic origin,** and more evidence
of its wusefulness in non-western populations
is needed.**

Few studies” have longitudinally compared the
difference in progression rate to diabetes after diagnosis
of prediabetes with the HDbA, 5-7-6-4% criterion or by
impaired fasting glucose, or established which criterion
for prediabetes is clinically relevant for prediction of
progression. Whether introduction of the new HbA,
criterion in addition to assessment of fasting glucose
could efficiently target prediabetic individuals who are
most likely to progress to diabetes is unclear. We aimed
to evaluate the effect of introduction of the HbA,
5.7-6-4% criterion into diagnosis of prediabetes by
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impaired fasting glucose, and to longitudinally assess
differences in the progression rate to diabetes between
individuals diagnosed with prediabetes on the basis of
these two criteria in a large Japanese cohort. We tested
whether the two tests used together could target people
most likely to progress to diabetes, which would allow
early intervention.
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Methods

Study population

The Toranomon Hospital Health Management Center
Study (TOPICS) included a cohort consisting mainly of
apparently healthy Japanese government employees
who underwent annual examinations for health
screening. The details of the study have been described
previously.’ The cohort consisted of 32057 individuals
who had a routine health check for the first time
between 1997 and 2003 at the Health Management
Center, Toranomon Hospital (Tokyo, Japan). Of these
32057 individuals, our investigation included
6636 individuals who had annual examinations
regularly for 4 years (n=1716) or 5 years (n=4920) after
the initial examination. Registered nurses interviewed
all participants at the time of each annual examination
using standard questionnaires that gathered information
about demographic characteristics, medical history, and
health-related habits. We excluded 310 individuals who
had diabetes at the baseline examination (192 individuals
were previously diagnosed and 118 were undiagnosed)
or who had missing data for baseline characteristics
(n=89). Subsequently, 6241 individuals aged 24-82 years
were eligible for our analysis.

The study protocol was consistent with the Japanese
Government’s ethics guidelines regarding epidemi-
ological studies in accordance with the Declaration of
Helsinki and was reviewed by the institutional review
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board at Toranomon Hospital. Written informed consent
was obtained from all participants.

Procedures

Blood samples were obtained after an overnight fast
(12 h) and tested with an automatic clinical chemistry
analyser (Hitachi, LABOSPECT 008, Tokyo, Japan).
Blood glucose, serum triglyceride, total cholesterol,
HDL cholesterol, and uric acid concentrations were
measured by enzymatic methods. HbA, was assessed
by high-performance liquid chromatography. The intra-
assay coefficient of variation was 0-7% with a mean
of 4.29%, and the interassay coefficient of variation
was 0-7% with a mean of 4.29%. The value for
HbA,, was estimated as a National Glycohemoglobin
Standardization Program equivalent value calculated
with the formula:

HbA, (%) =HDbA, (Japan Diabetes Society) (%) +0-4%

Diabetes was defined in accordance with ADA
guidelines' as a fasting plasma glucose (FPG)
concentration of 7-0 mmol/L or higher, self-reported
clinician-diagnosed diabetes, or HbA, 6-5% or higher.
Baseline diagnosis of prediabetes was based on the
new ADA criterion' of impaired fasting glucose
(FPG 5-6-6-9 mmol/L) or HbA, 5-7-6-4%, or both.
Participants were divided into four groups on the basis
of baseline diagnosis of prediabetes: (1) normogly-
caemia (HbA, <5-7% and FPG <5-6 mmol/L); (2)
impaired fasting glucose alone (HbA, <5-7% and
FPG 5-6-6-9 mmol/L); (3) HDbA, 5-7-6-4% alone
(HbA, 5-7-6-4% and FPG <5-6 mmol/L); and (4)
both HbA, 5:7-6-4% and impaired fasting glucose
(HbA, 5-7-6-4% and FPG 5-6-6-9 mmol/L).
Additionally, to investigate whether similar associations
between a baseline diagnosis of prediabetes and future
risk of diabetes would be identified irrespective of the
diagnostic criteria for incident diabetes, we did an
analysis of incident cases of diabetes that were diagnosed
with three other criteria: diabetes indicated by self-
reported clinician-diagnosis; diabetes indicated by self-
reported clinician-diagnosis or FPG 7-0 mmol/L or
higher; or diabetes indicated by self-reported clinician-
diagnosis or HbA,. 6-5% or higher.

Statistical analysis

We used SPSS (version 16.0) for all analyses and regarded
p values lower than 0-05 as significant. We compared
baseline characteristics between the four prediabetic
groups using a general linear model with adjustments
for age and sex. The level of agreement of the diagnostic
categories between FPG and HbA,_ criteria was examined
with k statistics." The diagnostic property of HbA, for
FPG 5-6-6-9 mmol/L was cross-sectionally evaluated by
a receiver operating characteristic (ROC) curve. We also
did an analysis when FPG concentrations of
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Both HbA, 57-6-4% and
impaired fasting glucose

Impaired fasting
glucose (n=1680)

HbA,_ 5:7-6-4%
(n=822)

Figure 1: Prevalence of individuals with prediabetes according to diagnosis
by glycated haemoglobin A, (HbA, ) 5-7-6-4% and impaired fasting glucose
(fasting plasma glucose 5-6-6-9 mmol/L) criteria at a baseline examination
(n=2092)

Proportion of total Sensitivity

 Positive predictive

lmpanred fasting glucose was deﬁned as fastmg plasma g!ucose 5 6-6 -9 mmoI/L HbA, —giycated haemoglobm A

: i Speclﬁaty ’Negati‘vepredictive '
population (%) (%) (%) -~ value (%) value (%)
64%  <1% 1y 00%  .100% 0 7p%
63%  <1% 1% 100% 89% 73%
62% 1% 3% 100% 0 79% 7%
61% 2% 5% 99% 72% ' 74%
60% 3% . 8% . 99% - 67% 74%
59% 5% 12% 97% 59% 75%
58% 8% 1% 9% 54% 76%
57%  13% % 91 50% 77%
S6% o 20% o 3/%  85%  46% 78%
55%  30% 46% 76% 42% 79%
Sd% 4% 5% 65% 3% 80%
53% 53% 69% 52% 35% 82%
= ",‘,‘66%“ i ’{,7»9%;,‘ = :"40%‘ e 84%

Table 3: Sens:tlvnty, specnﬁcnty, and positive and negative predictive values for ldentlﬁcatlon of
mdlvuduals wrth lmpalred fastmg glucose at d:fferent HbA,t thresholds S i

';Partlupants Péﬁlﬁf})gnﬁ : ;
- ,fmthoutdnabetes wnthdlabetes
o (n_5903)" - (n=338)
CA103(70%) . 46(14%)
; Baselmed!agn05150fpredtabetes ‘ G

: Normoglycaemla e

108(32%)
. 30‘(9% -
154(46%)

1162'(20%}
382 (6%) '
256 (4%)

IFG alone
HbA“S 7—6 4% alone
Both HbA,c 5 7 6. 4% and IFG

and FPG lowerthan 56 mmoI/L and by b
15.7-6-4% and FPG 5.6-6.9 mmol/L. IFG
HbA,t glycated haemoglobmA FPG

Table 4: Companson of basellne dlagnos:s of predlabetes between
mdlwduals who did and dld not develop type 2 cllabetes i

1 Data aren (%) Normoglycaemxa was defined 'as HbA“ lower than 5 7% and FPG

lower than 5- 6 mmol/L. Dragn05|s of predlabetes was by IFG alone when HbA,, -
“ lower than 5.7% and FPG 5:6-6-9 mmol/L; by HbA “alone when HbAk 5-7- 6 4% z
HbA“ and IFG when HbA
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Figure 2: ROC curve for prediction of future diabetes by HbA,, by FPG, and by the combination of HbA, and FPG

ROC curve for HbA,, AUC 0:795 (95% CI 0.767-0-822); ROC curve for FPG, AUC 0-846 (0-821-0-870); ROC curve

for the combination of HbA,  and FPG, AUC 0-880 (0-859-0-901). ROC=receiver operating characteristic.
HbA, =glycated haemoglobin A,.. FPG=fasting plasma glucose. AUC=area under the curve.
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Figure 3: Cumulative incidence of diabetes during follow-up according to baseline diagnosis of prediabetes

Log-rank test, p=0-3317 between IFG alone and HbA, 5.7-6-4% alone. Normoglycaemia defined as HbA, lower than
5:7% and FPG lower than 5-6 mmol/L. Diagnosis of prediabetes by IFG alone defined as HbA,_ less than 5.7% and FPG
5.6-6-9 mmol/L, by HbA, alone defined as HbA, 5-7-6-4% and FPG lower than 5:6 mmol/L, and by both HbA, and -

IFG defined as HbA,, 5:7-6-4% and FPG 5-6-6-9 mmol/L. HbA, =glycated haemoglobin A, .. IFG=impaired fasting

glucose. FPG=fasting plasma glucose.

6-1-6-9 mmol/L rather than 5-6-6-9 mmol/L were

applied as the reference criterion.

In prospective analyses, we undertook an ROC analysis
for prediction of risk of future diabetes on the basis of

HbA

150

w FPG, and the combination of the two values
(HDbA, and FPG). Risk established for the combination of
the two tests was calculated as: log hazard ratio = (BIXFPG)
+ (B2xHDbA, ). Unadjusted overall time to the development
of diabetes was described by Kaplan-Meier analysis with
log-rank testing. Cox regression was used to estimate the
hazard ratios (HRs) and their 95% ClIs for each baseline
diagnosis of prediabetes with a normoglycaemic group
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as the reference. Follow-up for each participant was
calculated from the date of the first examination to the
date of confirmed diabetes or the date of the last follow-
up examination.

Role of the funding source

The sponsor of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

Prevalence of diabetes in the entire study population was
5% (1684 of 32057 people). Table 1 shows characteristics
of study participants (n=6241). On the basis of the HbA,,
5.7-6-4% criterion, 412 (7%) individuals in the study
population had newly diagnosed prediabetes (table 2).
Prediabetic individuals diagnosed by impaired fasting
glucose but not by HbA, had significantly different
characteristics at the baseline examination compared
with those diagnosed by HbA,_ but not by fasting glucose.
Those diagnosed on the basis of HbA, alone were more
likely to be women, older, and less hypertensive, to have a
lower body-mass index (BMI), lower triglyceride, uric
acid, HDL cholesterol, and - y-glutamyltransferase
concentrations, and higher leucocyte counts than those
diagnosed by impaired fasting glucose alone (adjusted
for age and sex).

Of 2092 prediabetic individuals at the baseline
examination, only 20% (n=412) were classified as having
prediabetes by the HDbA, criterion without impaired
fasting glucose (figure 1). Screening by HbA, alone
missed 619 of the total number of prediabetic individuals
diagnosed by a combination of impaired fasting glucose
and HbA, 5.7-6-4%, and 1270 prediabetic individuals
previously diagnosed by impaired fasting glucose
(n=1680) were not classified as having prediabetes. The
magnitude of overlap between the two criteria was low:
50% of prediabetic individuals diagnosed by HbA, also
had impaired fasting glucose (n=410/822), and 24% of
those diagnosed by impaired fasting glucose also had
HbA, 5-7-6-4% (n=410/1680). We noted poor agreement
between impaired fasting glucose and HDbA, criteria
(k0-18,95% CI 0-16-0-21). HbA, ranging between 5-6%
and 6-4% provided the highest agreement with impaired
fasting glucose (k 0-22, 0-19-0-24), although the
improvement was small.

The area under the curve for the ROC analysis with
HbA, for diagnosis of prediabetes by impaired fasting
glucose was 0-656 (95% CI 0-641-0-672). For identi-
fication of individuals with impaired fasting glucose, a
threshold of HbA,, 5-7% showed high specificity of 91%
and low sensitivity of 249, wher eas HbA, 5-5% gave the
highest combination of specificity (76%) and sensitivity
(46%; table 3). When the more restrictive definition for
impaired fasting glucose of FPG 6-1-6-9 mmol/L was
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applied instead of 5-6-6-9 mmol/L, the prevalence of
prediabetes by impaired fasting glucose decreased from
27% (n=1680) to 6% (n=380) among the total population,
and 17% (n=1043) had prediabetes by either
FPG 6-1-6-9mmol/L or HbA, 5-7-6-4%. The area under
the curve for the ROC analysis with HbA,_ for detection of
FPG 6-1-6-9 mmol/L was 0-740 (95% CI 0-714-0-766),
and the threshold of HbA, 5-7% showed a sensitivity of
429% and specificity of 89%.

After the baseline diagnosis of prediabetes, we
documented 338 incident cases of diabetes during a
mean 4-7 years’ (SD 0-7) annual follow-up. A prediabetic
state assessed by impaired fasting glucose alone, by
HbA, 5-7-6-4% alone, or by both fasting glucose and
HbA, preceded diabetes in 32% (n=108), 9% (n=30),
and 46% (n=154) of incident cases of diabetes,
respectively (table 4). Of the incident cases, 86% (n=292)
were predicted by either impaired fasting glucose or
HbA, 5-7-6-4%, whereas 14% (n=46) with normo-
glycaemia at baseline progressed straight to diabetes.
Among normoglycaemic individuals (HbA, <5-7% and
FPG <5-6 mmol/L), higher baseline levels of both HbA,,
and FPG, even though within a normal range, were
associated with development of diabetes. As to age-
adjusted and sex-adjusted HRs, for each 0-5% increase

in HbA, there was a 2-57 (95% CI 1-32-5-00) increase
in the HR and for each 0-55 mmol/L (10 mg/dl) increase
in FPG values there was an increase of 2-33 (95% CI
1-19-4.57) in the HR.

The ROC curve plot for prediction of future diabetes by
HbA,, by FPG, or by the combination of the two tests
showed that the combination of FPG and HbA, slightly
but significantly (p<0-0001) improved the area under the
curve for prediction of future diabetes compared with
use of only one test for screening (figure 2).

Figure 3 shows a Kaplan-Meier survival curve for
prediction of diabetes after a baseline diagnosis of
prediabetes. Incidence was 7% for HbA, alone
(n=412 individuals and 30 incident cases) and 9% for
impaired fasting glucose alone (n=1270, 108 incident
cases). Overall cumulative probability did not differ
significantly between the two (log-rank test, p=0-3317).
Of prediabetic individuals who fulfilled both HbA, and
fasting glucose criteria at baseline, 38% (n=154)
progressed to diabetes within 5 years. If a definition for
impaired fasting glucose of FPG 6-1-6-9 mmol/L was
applied rather than FPG 5-6-6-9 mmol/L, incidence
was 2% for HbA, lower than 5-7% and FPG lower than
6-1 mmol/L (n=5198 individuals and 100 incident
cases). With HbA alone, FPG alone, and both FPG and

* - Total

v Normoglycaemla
An= 4149)

g Pfediabefes ]

(n=6241) o

IFG alone

L HbA,‘ 5 7—6 4% alone

Both HbA,, 57-6-4%

6 16 (4 33-8 77) )

: e . (1270 (= 42 and IFG (n=410)
Incidence of diabetes by self-reported dliniciandiagmosis i G -
Incident cases/person-years 157/29 856 34/19 982 43/6029 14/1985 66/1860 '
Incident rate (per 1000 person-years) 53 17 71 71 355
Age-adjusted and sex-adjusted hazard ratio (95% Cl) 1.00 3-53 (2-24-5-55) 3-68 (1-96-6-91) 17-4 (11-4-26-6)
Multivariate hazard ratio (95% CI) 1-00 3-40 (2:14-5-39) 3-48 (1-85-6-54) 15-8 (10-2-24-6)

Incndence ofdnabetes byself-reportedclml:lan chagnostsoerAkaG SA; ' ’ S e o e e . o S
lncndent cases/person-years 250/29 684 39/19 973 62/6006 ' 26/1968 123/1}37
Incident rate (per 1000 person-years) 84 2:0 103 132 708
Age-adjusted and sex-adjusted hazard ratio (95% Cl) 100 454 (3-03-6:79) 6-63 (4-02-11.0) 33-8(23-4-48-8)
Multivariate hazard ratio (95% [@)] 1-00 434 (2-88-6-54) 6-24 (3-77-10:3) 305 (20-9-44-6)

,Inc:dence ofdxabetes by self reported chmcxan dlagn0515 or FPG =70mmo|lL S L o S - N : :
Incident cases/person-years 298/29558  43/19 965 101/5927 211978 133/1688

" Incident rate (per 1000 person-years) 101 22 17-0 10-6 788
Age-adjusted and sex-adjusted hazard ratio (95% Cl) 1.00 677 (473-9-7) 4-83 (2-85-8:17) 33-8(23-8-47-9)

* Multivariate hazard ratio (95% Q) 1.00 6-00 (4-16-8-6) 4-34 (2:56-7-35) 26-8 (18-7-38-4)
lncndence ofdlabetes by self- reported clinician diagnosis, HbA,ch 5% or FPG =7 0 mmoIIL?,f,ﬁ : o o : G e i '

: Incrdent cases/person-years 338/29 487 46/19 961 108/5926 30/1965 154/1641
Incident rate (per 1000 person-years) 115 23 182 153 93-8
Age-adjusted and sex-adjusted hazard ratio (95% Cl) 1.00 6-86 (4-84-9-71) 6-53 (4-10-10-4) 38-6 (27-6-54-0)
Multxvar[ate hazard ratio (95% CI) 1 00 6 OO (3 76-9 56) 31 9 (22-6-45- 0)

‘Normoglycaemla was deﬁned as HbA,c Iowerthan 5 7% and FPG Iessthan 5 6 mmol/L Dlagnoss of predsabeteswas by IFG alone when HbA Iessthan 5 -7% and FPG 5 6 6 -9 mmo[/L by HbA alone when HbA, "
57-6- 4% and FPG less than 5 6 mmoI/L and by both HbA .and IFG when HbAk 57 6. 4% and FPG5- -6-69 mmoI/L Multwarlate model was adjusted for age, sex, smokmg habnt (never/formerlcurrent) ‘parental
* history of diabetes, bodyJ 1 mdex hyperténéhn (systohc blood pressure =140 mm Hg, diastolic blood, pressure 290 mm Hg, ortreatment) HDL cholesterol Iog-transformed tnglycendes, and

Y- glutamyltransferase IF .

P redfastmg glucose HbA —glycated haemoglobmA FPG—fastmg plasma glucose s

Tub!e 5 Hazard ratlos for development of type 2 dlabetes accorclmg to basehne dlagnosm of precllabetes - o
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