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Table 3. Cox Regression Analysis of Incident Cardiovascular Disease and Quartile of Sodium Intake According to
HbA1c Level
Q1 Q2 Q3 Q4
Mean = Mean = Mean = Mean = Trend Interaction
sD HR SD HR 95% Cli P SD HR 95% Cl P SD HR 95% CI P P P
HbA1C <9.0%
(n = 1082)
Sodium intake at 2.8 * 0.4 3802 45%02 5908
baseline, g
Sodium intake 33*+12 3.8x1.1 43+14 4.6 1.7
at 5y after
registration, g
Events/patients 20/278 25/264 22/266 20/274
Not adjusted Ref. 144  080-262 .23 113 0.61-2.09 .69 100 053-1.87 100 .78 .09
Adjusted® Ref. 136 0.73-254 .33 117 060-2.28 .65 114 055-2.34 .73 85 <01
Further adjusted® Ref, 140 075-262 .29 121 062-237 57 116 056-239 .70 .8 <01
HbA1C =9.0%
(n=332)
Sodium intake, g 2.8 £ 0.5 3.8+0.2 46x02 6.0 £ 0.
Sodium intake 32410 37+16 45% 15 43+15
at 5y after
registration, g
Events/patients 3/76 11/86 10/85 21/85
Not adjusted Ref. 338  0.94-12.10 .06 2.99  0.82-1086 .10 731 218-2453 <01 <01
Adjusted? Ref. 329  0.90-12.04 .07 281 073-10.72 .13 7.64 2122756 <.01 <01
Further adjusted? Ref. 352 095-13.09 .06 375  0.95-14.83 .06 991  2.66-36.87 <.01 <.01

Abbreviations: Q1, quartile 1; Ref., reference.

2 Adjusted for age, sex, BMI, HbA1c, diabetes duration, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, log-transformed
triglycerides, treatment by insulin, treatment by lipid-lowering agents, current smoking, alcohol intake, energy intake, and physical activity.

b Further adjusted for systolic BP and antihypertensive agents.

between the highest sodium intake and lowest sodium in-
take ranged widely from 1.0 to 3.45 g/d. In comparison
with the results of our present study and this previous
study, patients in the JDCS with poorly controlled HbAlc
(29.0%) had a particularly high incidence of CVD com-
pared with that of the general population. Therefore, it is
speculated that there was a synergistic effect between the
HbA1lc level and dietary sodium intake for the develop-
ment of CVD. This finding indicated that a long-term re-
duction of dietary sodium intake is particularly important
in those with poorly controlled blood glucose.

The current goals for daily intake of dietary sodium in
guidelines are below 1.5 g/d in the United States (1), 2.36
g/d in Europe (2), and 3.9 g/d in Japan (3). Comparing
these guidelines with the lowest quartile of sodium con-
sumption in the JDCS patients (2.8 g/d), the JDCS patients
still had a higher sodium intake compared with U.S. and
European guidelines (+0.5 g/d and +0.44 g/d, respec-
tively) even in the lowest quartile; however, intake was
lower compared with Japanese guidelines (—1.1 g/d), a
value that is similar to the second quartile of sodium con-
sumption in the JDCS patients. According to the distribu-
tion of mean dietary sodium intake, the mean sodium in-
take of the JDCS patients was 4.2 g/d, and their intake was
lower than that in the general Japanese population (4.6
g/d) (17) and higher than that in the United States and
United Kingdom general populations (3.6 and 3.4 g/d,
respectively) (18) as well as a diabetic population in the
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United States (2.5-3.4 g/d) (19). Further studies are
needed to clarify whether medical nutritional treatment
thatrestricts sodium intake to values according to U.S. and
European guidelines would reduce incident CVD among
persons with diabetes.

As shown above, JDCS patients in the bottom quartile
of sodium intake had a low risk of CVD, although their
sodium intake was not as low as recommended in Euro-
pean guidelines (1, 2). Additionally, patients in the lower
quartiles of sodium intake had significantly lower intakes
of alcohol and energy than those in the higher quartiles of
sodium intake. However, our current study showed that
the relationship between sodium intake and the incidence
of CVD was independent of alcohol and energy intakes
because this relationship was still observed even after ad-
justment for alcohol and energy intake and when sub-
group analysis was conducted according to alcohol and
energy intake. It is well known that modifications of al-
cohol and energy intake are beneficial for diabetes man-
agement (1). It was reported that salted food acts to drive
overeating and weight gain (20). Actually, some interven-
tional studies have shown that a sodium-restricted diet
decreased total energy intake (21, 22). Also, it was re-
ported that sugar-sweetened beverage consumption was
increased by 17 g/d with each additional 0.4 g/d of sodium
intake, although this result was provided from underage
participants (23). In addition, an interventional study
showed that alcohol intake decreased under a sodium-
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restricted diet in men (22). We had previously reported
that JDCS male patients consumed approximately 8-fold
more alcoholic beverages than the female patients (115
and 14 g/d, respectively) (24). From our current results, it
might be said that reduction in dietary salt intake would
also play a role in making medical nutritional therapy
more effective by a reduction in alcohol and energy intake.
However, this study cannot show the effects of alcohol
and energy intake on diabetes complications and all-cause
mortality.

Our results showed that there was no significant dif-
ference between sodium intake and the incidence of overt
nephropathy and diabetic retinopathy. In general, a re-
duction in dietary salt intake is recommended to prevent
or slow the development of diabetic nephropathy. How-
ever, in a previous cohort study of patients with type 1
diabetes, urinary sodium excretion was inversely associ-
ated with ESRD (9); therefore, results are inconsistent re-
garding the relationship between sodium intake and renal
disease. Given the unique phenomenon in patients with
diabetes that involves an anomalous tendency for the glo-
merular filtration rate in the diabetic kidney to vary in-
versely with salt intake, as observed in rodents and hu-
mans with diabetes (25, 26), it might be important to take
into account the differences in the micro- and macrovas-
culature because the influence of sodium intake on the
micro- and macrovasculature has complex aspects from a
biological viewpoint.

Confusing results of the association between all-cause
mortality and sodium intake were obtained in previous
studies. For example, Finnish patients with type 1 diabetes
with the highest as well as the lowest daily urinary sodium
excretion had reduced survival (9). Another study target-
ing patients with type 2 diabetes in Australia reported that
lower daily urinary sodium excretion was paradoxically
associated with increased all-cause and cardiovascular
mortality (8). On the other hand, in JDCS patients, there
was not a significant difference between all-cause mortal-
ity and sodium intake. A possible reason for such incon-
sistent results might be that the large differences in the
background of patients in each study such as ethnicity,
age, duration of diabetes, body weight, control of BP, and
serum lipid values influenced the results. Further studies
are needed to clarify the association between daily sodium
intake and mortality risk based on a careful consideration
of the characteristics of patients.

Another important finding of this study was that the
mean BMI of the JDCS patients was within normal range
and was much lower than in Western diabetic patients (19,
27-29). In terms of the biological aspects of ethnic differ-
ences, it is known that Asian people are more susceptible
to pancreatic B-cell secretory defects and pronounced dys-
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function in early insulin secretion than Western people
(30). In contrast, among Asian populations, the propor-
tion of body fat and prevalence of prominent abdominal
obesity are higher than in individuals of European origin
with similar BMI values (30). In addition, the JDCS pa-
tients consumed a high-carbohydrate low-fat diet com-
pared with Western patients with diabetes (24), and di-
etary sodium consumption in JDCS patients was generally
higher than in Western general and diabetic populations as
well as in the Japanese general population (17,18, 19, 24).
The proportion of fat consumption by the JDCS patients
met the definition of low fat intake reported in previous
studies, which might improve serum triglyceride and cho-
lesterol levels (31, 32). That might be the reason that the
JDCS patients and Western patients with type 2 diabetes
had similar blood cholesterol levels, although the propor-
tion of JDCS patients treated with lipid-lowering agents
was half that of Western patients with type 2 diabetes
compared with data obtained by a previous longitudinal
study (8). Further studies are required to clarify the mech-
anism of the development of type 2 diabetes in consider-
ation of an ethnic-specific constitution, and it should be
investigated whether results of dietary assessments and
actual food intake differ consistently between Asian and
Western patients with diabetes.

To the best of our knowledge, this is the first study on
dietary sodium intake and the incidence of diabetes com-
plications in which patients with type 2 diabetes were pro-
spectively registered based on their HbAlc levels and not
retrospectively selected based on self-reported diabetes
status. Other strengths include treatment and follow-up
plans that were conducted in institutes specializing in di-
abetes care and adjudication of cardiovascular events by
an independent central committee.

Limitations of this study must be considered. First, the
potential for bias, such as measurement errors in dietary
assessments, confounding factors, and informative cen-
soring, cannot be ruled out entirely. We observed signif-
icant differences in age, sex, treatment by insulin, physical
activity, and dietary intake across sodium intake (Table 1).
In our analysis, these confounders were adjusted using
Cox regression, but the estimated effects of sodium still
can be biased because of residual confounding or unmea-
sured confounders. With regard to informative censoring,
we found no notable difference in baseline characteristics
between patients who completed the 8-year follow-up and
the other patients (11). Second, as an observational study
rather than a randomized trial, we could not conclude
cause-effect relationships as to whether medical nutri-
tional treatment encouraging sodium reduction would re-
duce incident CVD in clinical practice. Third, our study
did not observe any significant association between BP
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and dietary sodium intake. The percentage of patients
treated by antihypertensive agents was similar in each
quartile of dietary sodium intake. Given these results, a
possible explanation may be that chronic high BP could
have been compensated for by increasing doses of antihy-
pertensive drugs. Another limitation is the accuracy of
diabetic retinopathy staging based on clinical diagnosis
compared with staging based on 7-field stereo fundus pho-
tography. Finally, our results may not be generally appli-
cable to populations with different lifestyles or genetic
factors. For example, our study did not include the very
well controlled patients whose HbAlc value was <6.5%.
Additionally, the JDCS patients and Western patients with
type 2 diabetes had similar blood cholesterol and triglyc-
eride levels, although the proportion of JDCS patients
treated with lipid-lowering agents was half as frequent as
that of Western patients (8). Also, the JDCS patients con-
sumed a high-carbohydrate low-fat diet compared with
Western patients with diabetes (24), and dietary sodium
consumption in Japanese was generally higher than in
Western people (17, 18, 19, 24). In addition, BMI and
body weight are markedly different between patients in
Japan and Western countries (33), and Asian patients have
a much lower risk of CVD compared with Western pa-
tients and higher risk of ESRD (34). The contribution of
such differences in patients’ characteristics remains un-
certain. Considering ethnic-specific characteristics and
large intercultural differences is important in exploring
effective medical nutritional therapy, and further research
is needed.

In conclusion, we found that high dietary sodium in-
take was associated with an elevated incidence of CVD in
Japanese patients with type 2 diabetes and the association
was synergistically strengthened when the patients with
type 2 diabetes were limited to those whose blood glucose
was poorly controlled. It was suggested that dietary salt
restriction as medical nutritional treatment would be use-
ful to prevent complications of diabetes in patients with
type 2 diabetes.
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OBJECTIVE—To develop and validate a risk engine that calculates the risks of macro- and
microvascular complications in type 2 diabetes.

RESEARCH DESIGN AND METHODS —We analyzed pooled data from two clinical trials
on 1,748 Japanese type 2 diabetic patients without diabetes complications other than mild diabetic
retinopathy with a median follow-up of 7.2 years. End points were coronary heart disease (CHD),
stroke, noncardiovascular mortality, overt nephropathy defined by persistent proteinuria, and pro-
gression of retinopathy. We fit a multistate Cox regression model to derive an algorithm for pre-
diction. The predictive accuracy of the calculated 5-year risks was cross-validated.

RESULTS —Sex, age, HbA,, years after diagnosis, BMI, systolic blood pressure, non-HDL
cholesterol, albumin-to-creatinine ratio, atrial fibrillation, current smoker, and leisure-time
physical activity were risk factors for macro- and microvascular complications and were incor-
porated into the risk engine. The observed-to-predicted (O/P) ratios for each event were between
0.93 and 1.08, and Hosmer-Lemeshow tests showed no significant deviations between observed
and predicted events. In contrast, the UK Prospective Diabetes Study (UKPDS) risk engine over-
estimated CHD risk (O/P ratios: 0.30 for CHD and 0.72 for stroke). C statistics in our Japanese
patients were high for CHD, noncardiovascular mortality, and overt nephropathy (0.725, 0.696,
and 0.767) but moderate for stroke and progression of retinopathy (0.636 and 0.614). By
combining macro- and microvascular risks, the classification of low- and high-risk patients
was improved by a net reclassification improvement of 5.7% (P = 0.02).

CONCLUSIONS —The risk engine accurately predicts macro- and microvascular complications
and would provide helpful information in risk classification and health economic simulations.
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plications is of particular impor-

tance in diabetes care, and there is
aneed for validated diabetes-specific risk
engines (1,2). Asian populations account
for >60% of the world’s diabetes patients
(3,4), but data used for most of the en-
gines specific to diabetes include only a
limited number of Asians (5-9). Asian pa-
tients with diabetes have several impor-
tant features. We previously reported
that Japanese patients have a markedly
low prevalence of obesity and low inci-
dence rates of overt nephropathy and di-
abetic retinopathy (10-13). Furthermore,
the risk factor profiles of diabetes compli-
cations are quite different between Japa-
nese and Western subjects with diabetes
(14). In cohort studies of multiple ethnic
groups, lower incidence rates of cardio-
vascular disease (CVD) were observed in
Asian patients than in whites (15,16).
Given the overestimation of risks of cor-
onary heart disease (CHD) and stroke in
Chinese patients by the UK Prospective
Diabetes Study (UKPDS) risk engine
(17,18), risk engines for non-Asian pop-
ulations may not be transportable to
Asian patients. To our knowledge, only
the Hong Kong Diabetes Registry (HKDR)
has developed risk engines for Asian pa-
tients with diabetes (17-20).

Most risk engines have focused on
classical cardiovascular risk factors such
as control of HbA,, blood pressure, and
lipids (5-9,17-20), but, increasingly,
studies have suggested the importance
of lifestyle factors. In fact, exercise has
been shown to reduce all-cause mortality
(21,22) and is encouraged by guidelines
for type 2 diabetes (23,24). A recent sur-
vey of general practitioners in Germany
indicated that those physicians thought
that to be useful, risk engines should
link estimated risks with appropriate rec-
ommendations for lifestyle changes (25).
Another concern is the lack of capacity to
assess multiple diseases simultaneously
(25). However, just combining the results
of risk engines specific to each vascular
complication may yield biased estimates

R isk classification for vascular com-
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of absolute risks since it is likely that each
engine was developed independently,
and a correlation between incidences of
vascular complications is not accounted
for in the development process.

Data from the 1,748 patients with
type 2 diabetes in the Japan Diabetes
Complications Study (JDCS) (26) and
the Japanese Elderly Diabetes Interven-
tion Trial (J-EDIT) (27) provide an oppor-
tunity to develop a comprehensive risk
engine for Asian patients with type 2 di-
abetes. The aim of the current study was
therefore to develop and validate an algo-
rithm that separately calculates each risk
of the first occurrence for five events: fatal
and nonfatal CHD, fatal and nonfatal
stroke, noncardiovascular mortality,
overt nephropathy, and progression of
retinopathy. This was done by fitting a
multistate Cox regression model (28), an
extension of the Cox model to multiple
time-to-event end points, to the pooled
data from these trials.

RESEARCH DESIGN AND
METHODS

Patients and measurements

Design of the JDCS and the J-EDIT has
been described in detail elsewhere (26,27).
Inthe JDCS, 2,033 Japanese type 2 diabetes
patients 40-70 years of age whose HbA;.
levels were =7.0% were randomized to a
conventional treatment group and a life-
style intervention group; throughout the
paper, we present the National Glycohe-
moglobin Standardization Program value
of HbA. calculated as follows: 0.25 +
1.02 X JDC value (29). The latter group
received education on lifestyle modifica-
tion by telephone counseling and at each
outpatient clinic visit in addition to usual
care. The J-EDIT is a randomized, con-
trolled trial of intensive and conventional
treatments for diabetes that registered a total
of 1,173 Japanese type 2 diabetes patients
65-85 years of age whose HbA; . levels were
=8.1%, or =7.5% with at least one of the
following criteria: BMI =25 kg/m?; blood
pressure =130/85 mmHg; serum total
cholesterol =200 mg/dL (5.17 mmol/L)
or LDL cholesterol =120 mg/dL (3.10
mmol/L) in participants without CHD;
serum total cholesterol =180 mg/dL
(4.65 mmol/L) or LDL cholesterol =100
mg/dL (2.59 mmol/L) in participants
with CHD; triglycerides =150 mg/dL
(1.68 mmol/L); and HDL cholesterol
<40 mg/dL (1.03 mmol/L). The protocols
of the JDCS and J-EDIT received approval
from the ethical committees of all of the

participating institutes, and written in-
formed consent was obtained from all pa-
tients before enrollment. The present
analysis excluded patients who had any
history of angina pectoris, myocardial in-
farction, stroke, peripheral artery disease,
familial hypercholesterolemia (diagnosed
clinically by markedly elevated LDL cho-
lesterol levels with enlarged Achilles ten-
dons and/or family history of premature
coronary artery disease), type III hyperlip-
idemia (diagnosed by broad B-band on
electrophoresis), nephrotic syndrome, se-
rum creatinine levels >1.3 mg/dL (120
wmol/L), mean values of two spot urine
examinations for an albumin excretion
rate of 150 mg/g creatinine (17.0 mg/
mmol) or more, microscopic hematuria,
or other clinical findings indicating other
renal diseases, preproliferative and prolif-
erative retinopathy, and major ocular dis-
ease (e.g., glaucoma, dense cataract, or
history of cataract surgery). Baseline data
were collected for demographics, results
of clinical examinations, laboratory mea-
surements performed at local laboratories,
and lifestyle factors such as dietary content
and smoking status determined by self-
reported questionnaires. Leisure-time phys-
ical activity (LTPA) was also assessed at
baseline by a self-administered question-
naire, which was almost identical to that
used and validated in the Health Profes-
sionals’ Follow-up Study (30). The pa-
tients were asked to report their average
frequency (times/week) and duration
(min/time) of normal walking, brisk walk-
ing, jogging, golfing, tennis, swimming,
aerobics dancing, cycling, and other mis-
cellaneous exercise as specified by each
patient. The duration engaged in each ac-
tivity in min/time was multiplied by that
activity’s typical energy expenditure, ex-
pressed in metabolic equivalents (METs),
and overall activities were summed to
yield a MET/h score per week (31). Data
management was conducted by a central
data center. Follow-up data were collected
through a standardized annual report
from each investigator. Non-HDL choles-
terol NHDL-C) levels were calculated by
total cholesterol subtracted by HDL cho-
lesterol. LDL cholesterol levels were calcu-
lated using the Friedewald formula, that is,
NHDL-C subtracted by triglycerides di-
vided by 5 if triglyceride levels are <400
mg/dL (4.48 mmol/L); otherwise, LDL cho-
lesterol levels were treated as missing data.

End points
End points were five time-to-event
variables: fatal or nonfatal CHD, fatal

or nonfatal stroke, noncardiovascular
mortality, overt nephropathy defined by
persistent proteinuria, and progression of
retinopathy since randomization. The def-
initions of the events have been described
in detail elsewhere (12,13,27,32). In brief,
diabetic retinopathy was determined an-
nually by qualified ophthalmologists at
each institute using the international dia-
betic retinopathy and diabetic macular
edema disease scales (33) with minor
modification: stage 0, no retinopathy;
stage 1, hemorrhage and hard exudates;
stage 2, soft exudates; stage 3, intraretinal
microvascular abnormalities and venous
changes, including beading, loop, and du-
plication; and stage 4, new vessels, vitre-
ous hemorrhage, fibrous proliferation,
and retinal detachment. A retinopathy
event was progression to stage 3 or 4.
A nephropathy event was defined as the
development of overt nephropathy (spot
urinary albumin excretion >33.9 mg/
mmol creatinine in two consecutive sam-
ples) (12). Macrovascular events included
the occurrence of fatal and nonfatal defi-
nite CHD (angina pectoris or myocardial
infarction) and fatal and nonfatal stroke.
The diagnosis of angina pectoris and myo-
cardial infarction was according to criteria
defined by the Multinational Monitoring
of Trends and Determinants in Cardio-
vascular Disease project, and diagnosis
of stroke was according to guidelines de-
fined by the Ministry of Health, Labour,
and Welfare of Japan (32). Adjudication
of end points was performed by central
committees comprised of experts in each
complication based on additional data
such as those obtained by computed to-
mography or magnetic resonance imag-
ing of the brain or sequential changes in
electrocardiograms.

Statistical analysis

The JDCS/J-EDIT (JJ) risk engine calcu-
lates each risk of the first occurrence
within a user-specified time point for
the five events described above. The
occurrences of these events are viewed
as transitions between disease states and
were modeled by a multistate model that
follows the Markov renewal process (28).
The disease states and transitions as-
sumed in the multistate model are de-
tailed in Supplementary Data. We fit a
multistate model using a standard proce-
dure for the stratified Cox regression
model. That is, we assumed that baseline
intensities for any of the transitions were
possibly different but that transition in-
tensities to a disease state share common
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hazard ratios (HRs) for risk factors. The
following risk factors were screened
through a backward variable selection
with the critical value of P = 0.1: age,
sex, HbA, ., years after diagnosis, BMI, sys-
tolic blood pressure (SBP), NHDL-C,
LDL cholesterol, HDL cholesterol, log-
transformed triglycerides, log-transformed
urine albumin-to-creatinine ratio (ACR),
estimated glomerular filtration rate, atrial
fibrillation, smoking status, alcohol in-
take, and LTPA. BMI was categonzed by
cutoff points of 18.5 and 25 kg/m®. LTPA
was categorized by the cutoff point of 3.8
METs-h/week, which corresponds to the
intensity of home activity or conditioning
exercise (31). HRs in this model were
estimated by maximizing the partial
likelihood, and then baseline intensity
functions were calculated by the Breslow
estimator. Missing data were substituted
using the multiple imputation method.
We assessed the predictive accuracy of
the 5-year risks based on the JJ risk engine
using 10-fold cross-validation, ie., we per-
formed 10 rounds of cross-validation using
different partitions. One round of cross-
validation involved randomly partition-
ing a sample of data on 1,748 patients into
complementary subsets, fitting the strati-
fied Cox regression model to one subset of
90% of patients, and validating the model
on the remaining subset with the criteria
described below. We compared hazards

Table 1—HRs of risk factors incorporated in the best-fitting multistate Cox regression model

for end points between tertiles of the
calculated 5-year risks from the 10-fold
cross-validation by the Cox regression.
Calibration, namely, how closely the pre-
diction reflected observed events, was
assessed for each event by the Hosmer-
Lemeshow test and the mean of observed-
to-predicted (O/P) ratios, which was
calculated as the mean of ratios of the
observed-to-expected events across the
strata used in the Hosmer-Lemeshow
test. Discrimination, the ability to distin-
guish between those who experienced the
event and those who did not, was evalu-
ated using Harrell C statistics, the pro-
portion of all patient pairs in which the
predictions of the model and observed
events were concordant. Further, we con-
structed a reclassification table of macro-
and microvascular complications (34).
All analyses were conducted by the
central data center with the use of SAS
software version 9.2 (SAS Institute, Cary,
NC). The authors had full access to the
data and take responsibility for their in-
tegrity. All reported P values for statistical
tests are two tailed, and P < 0.05 was
taken to indicate statistical significance.

RESULTS —The mean = SD (range)
age and HbA, level at baseline of the
1,748 Japanese type 2 diabetic patients
was 62.1 £ 8.6 (40-84) years and 7.9 =
1.2 (6.0-15.8)%, respectively, and 49.9%

Tanaka and Associates

of the subjects were women. Their mean
baseline values indicated that the
subjects had good control of weight
(BMI = 23.2 =* 3.1 kg/m?; waist circum-
ference = 80.3 £ 9.6 cm) blood pres-
sure (SBP = 132.9 = 16.0 mmHg), and
serum cholesterol levels (NHDL-C = 3.78
+ 0.90 mmol/L; LDL cholesterol =3.16 =
0.82 mmol/L; HDL cholesterol = 1.43 *
0.44 mmol/L; triglycerides = 1.39 = 0.88
mmol/L). Their baseline ACR levels were
quite low, with a median = IQR of 1.8 *
3.0 mg/mmol, as we excluded those with
ACR of 17.0 g/mmol or more. Current
smokers and past smokers accounted for
24.4 and 24.0%, respectively, of patients.
The median (IQR) LTPA at baseline was
10.5 (1.6-22.5) METs-h/week, and
34.0% of patients had no exercise habit
(<3.8 METs-h/week). During the median
follow-up of 7.2 years, among the 1,748
subjects, we observed 96 (5.5%) events of
fatal or nonfatal CHD, 89 (5.1%) fatal or
nonfatal strokes, 71 (4.1%) overt ne-
phropathies defined by persistent protein-
uria, and 64 (3.7%) noncardiovascular
deaths. Of the 1,297 patients without ret-
inopathy at baseline, 415 (32.0%) devel-
oped retinopathy. Of the 866 patients who
had retinopathy or developed retinopathy
after baseline, 113 (13.0%) had progression
to retinopathy of stage 3 or 4.
The backward variable selection pro-
cedure identified 11 baseline risk factors

CHD Stroke

Noncardiovascular mortality

HR

95% CI P

95% CI

P HR 95% CI P

HbAlc (+1 /))
BMI (<18.5/18.5-25 kg/m?
BMI (= 25/18.5-25 kg/m>)
SBP (+10 mmHg)
NHDL-C (+1 mmol/L)

070

Atrial fibrillation (yes/no)
Current smoker (yes/no)

38/<3.8 METs-h/week)

HbA; (+1%)
Years after dlagnos s (+ , yea )
BMI (<18.5/18.5-25 kg/m?)

10%

BMI (=25/18.5-25 kg/m2)

Log ACR (+1 umt)
Amal ﬁbrlllatlon (yes/no)
Current smoker (yes/no)

<0 01‘ =

371
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for macro- and microvascular complica-
tions and mnoncardiovascular mortality.
Table 1 shows the HRs, 95% Cls, and
P values for these risk factors. Significant
modifiable risk factors were HbA;. and
NHDL-C for CHD, HbA;., SBP, and
NHDL-C for stroke, BMI <18.5 kg/m’
and being a current smoker for noncar-
diovascular mortality, HbA;. and being a
current smoker for overt nephropathy,
and HbA, . for retinopathy. Having an ex-
ercise habit was associated with reduced
risks of stroke and mortality, although
with only borderline statistical signifi-
cance. All of the risk factors that were re-
tained through the variable selection
procedure were incorporated into the
JJ risk engine. The algorithm of the
J] risk engine is described in Supplemen-
tary Data.

The performance of the JJ risk engine
was evaluated by several validation criteria.
Tertile Cox regression showed that the
5-year risks calculated by the J] risk engine
effectively classified populations at low and
high risk for each complication. The HRs
(95% CI) of the second and third tertiles
compared with the first tertile were 2.09
(1.07-4.09) and 5.22 (2.84-9.58) for
CHD; 1.78 (0.96-3.30) and 3.32 (1.86—
5.92) for stroke; 2.14 (1.09-4.18) and
3.17 (1.65-6.09) for noncardiovascular
mortality; 1.54 (0.55-4.34) and 10.59
(4.56-24.59) for overt nephropathy; and
1.18 (0.58-2.40) and 2.56 (1.37-4.81)
for progression of retinopathy.

Table 2 shows the predictive accuracy
of the JJ risk engine regarding calibration
and discrimination. The O/P ratios for
each complication, including noncardio-
vascular mortality, ranged between 0.93
and 1.08, and Hosmer-Lemeshow tests
did not show any significant deviations
between the observed and predicted
events. In contrast, the UKPDS risk en-
gine (5,6) overestimated CHD risk in
Japanese patients (O/P ratios [Hosmer-
Lemeshow PJ: 0.30 [P < 0.01] for CHD
and 0.72 [P = 0.54] for stroke) (Table 2).
Discrimination according to C statistics
was high for CHD, noncardiovascular
mortality, and overt nephropathy (0.696—
0.767) but was moderate for stroke and
progression of retinopathy (0.636 and
0.614).

Table 3 compares risk classification
by the 5-year risk of macrovascular dis-
ease based on the J] risk engine with that
based on the UKPDS risk engine. By the
UKPDS risk engine, more than half of pa-
tients had a macrovascular risk of 10%
or more (249 of the 376 cases and 697

Table 2—Predictive accuracy of the JJ risk engine in 1,748 patients

Calibration

Discrimination

Mean predicted Observed

S-yearrisk  5-yearrisk O/Pratio Pf  Cstatistic ~ 95% CI

CHD  270%  202% 108 014 0725 0656-0.793
 Bythe UKPDS . -
. rskengmne (0.30) (<0.01) (0.695) (0.626-0.764)
Stroke. 3.26% 0.97 0.12 0.636 0.564-0.708
 riskengne ©0.54) (0638) (0.566-0.711)
Noncardiovascular

mortality 208%  212% 102 012 0696 0613-0.778

Overtnephropathy  2.28%  2.40%

Progression of
retinopathy*

10.96% 10.20%

104 011 0767  0690-0.845

0.93 013 0614 0.524-0.705

*Patients without diabetes retinopathy at baseline were excluded. $The Hosmer-Lemeshow test with eight
degrees of freedom. P < 0.05 indicates significant deviation between predicted and observed events.

of the 1,372 noncases), as expected by
the tendency of overestimation The sen-
sitivity and specificity of the UKPDS risk
engine with a cutoff value of 10% risk
were 66.2 and 49.2%, respectively. In con-
trast, only 101 of the 376 cases (26.9%)
who developed any of the events had a
macrovascular risk of 10% or more based
on the JJ risk engine, yielding sensitivity
of 26.9% and specificity of 89.1%.

Table 4 shows how the combination
of 5-year risks of macro- and microvascu-
lar complications based on the JJ risk en-
gine classified low-risk and high-risk
patients. If we combined macro- and
microvascular risks, 73 of 376 cases
(19.4%) and 187 of 1,372 noncases
(13.6%) were newly classified as a high-
risk population, and sensitivity increased
up to 46.3% while specificity was main-
tained at 75.4%. The net reclassification

improvement (total of sensitivity and
specificity in this case) was improved by
5.7% (P =0.02).

To illustrate the use of the JJ risk
engine, consider two Japanese men 60
years of age with simple diabetic retinop-
athy and without atrial fibrillation who
do not have smoking and exercise habits.
The clinical characteristics of both
patients are HbA;. = 9%, duration of di-
abetes = 20 years, BMI = 23 kg/m?,
NHDL-C = 3.88 mmol/L, and ACR =
6.79 mg/mmol creatinine. The SBP of
one patient is 120 mmHg. His leading
risk is estimated to be the progression
of retinopathy (5-year risk, 15.5%), and
his macrovascular risks are moderate
(9.2% for CHD and 9.6% for stroke). His
5-year risks of noncardiovascular death
and overt nephropathy are low (4.8 and
3.7%, respectively). The other patient has

Table 3—Risk classification of the 1,748 patients according to 5-year risks of macrovascular
disease based on the JJ risk engine and the UKPDS risk engine

5-Year risk by the JJ risk engine*

5-Year risk by the UKPDS risk engine*

<5%

5-10% 10% or more

ents

o
17.6% 19  5.1%

- 9.8%

C114303%

Patients who did not develop 2

341 24.9%
14.7%

1%
5.4%

340 2

*Data are n and percent. Probability of any occurrence of CHD or stroke within 5 years.
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Table 4—Risk classification of the 1,748 patients according to 5-year risks of macro- and
microvascular diseases based on the JJ risk engine

5-Year risk of macrovascular disease*

5-Year risk of microvascular diseaset

<5%

5-10% 10% or more

Patients who developed events

S

21.0% 48 12.8%

- 10% or mor
Patients who did not develop any events.

140

A0
2L

0. 5..93% 93
56% 52 138% 62
135

*Data are n and percent. Probability of any occurrence of CHD or stroke within 5 years. {Probability of any oc-
currence of overt nephropathy defined by persistent proteinuria or progression of retinopathy within 5 years.

an SBP of 180 mmHg. His leading risks are
macrovascular diseases (16.1% for CHD
and 17.6% for stroke), and his mi-
crovascular risks are moderate (7.8% for
nephropathy and 13.6% for retinopathy).
The risk of noncardiovascular mortality is
estimated to be 4.0%.

CONCLUSIONS—In this study, we
developed a novel risk engine that inte-
grates modifiable lifestyle and clinical
risk factors, including HbA,., BMI, SBP,
NHDL-C, current smoking, and LTPA
into the risks of a first occurrence of
macro- and microvascular complications.
We confirmed that the risk engine per-
formed reasonably well and that com-
bining macro- and microvascular risks
improved the classification of low-risk
and high-risk patients by a net reclassifi-
cation improvement of 5.7%. In contrast,
the UKPDS risk engine overestimated
CHD risk, and this tendency is consistent
with a previous report in Asian patients
(18). A web application for the JJ risk en-
gine, which works in both Windows and
Macintosh environments, is available at
http://www.biostatistics.jp/prediction/jjre.
With the advent of modern therapeutics,
especially hypoglycemic and antihyperten-
sive agents, the early identification of high-
risk patients is an appealing strategy (35). A
novelty of the J] risk engine is that it allows
risk classification based on the risk not
only of CVD but also of renal and eye dis-
eases. Although the prevalence of micro- or
macroalbuminuria in Asian hypertensive
diabetes is alarmingly high (36), most of
the progression to overt nephropathy
occurs in a small fraction of patients
with elevated HbA;, and SBP values

and a smoking habit (12). In this study,
patients in the fourth quartile of the calcu-
lated risk developed overt nephropathy
at a rate 10 times greater than those in
the first quartile. Most risk engines are
specific to CVD; however, greater emphasis
on the risk of microvascular diseases
should be placed when assessing risk
among diabetic patients given that dia-
betic nephropathy and retinopathy are
major causes of ESRD and blindness, re-
spectively. Combining macro- and mi-
crovascular risks resulted in the net
reclassification improvement of 5.7%
(P =0.02) and a sensitivity and specificity
of 46.3 and 75.4%, respectively; only
16.5% of cases were classified as the
high-risk population for macro- and mi-
crovascular diseases and only 43.8% of
noncases were in the low-risk popula-
tion (Table 4). Thus, the discriminatory
power of the JJ risk engine was only
moderate, despite the statistically signifi-
cant improvement in prediction, and ex-
ploring novel risk factors would be of
particular importance for more accurate
risk classification.

The JJ risk engine shares features
similar to those with previously devel-
oped risk engines. The predictors of CHD
are the same as in the UKPDS risk engine
(5) except for the inclusion of NHDL-C
instead of the total cholesterol-to-HDL
cholesterol ratio. Donnan et al. (7) added
diabetes duration, treated hypertension,
height, and two interaction terms into
their model, and the risk equation of the
HKDR includes diabetes duration, esti-
mated glomerular filtration rate, and
ACR additionally but does not use HbA;
(18). A recent cohort study in Japan also

Tanaka and Associates

suggested that the progression of the albu-
minuria stage is a risk factor of CVD (37).
In contrast, log ACR was not associated
with CHD or stroke in our study. This dis-
cordant observation would be attributable
to the exclusion of low microalbuminuria
in our study. The elevation of ACR
within a range of normoalbuminuria may
not lead to an increase in the risk of CVD.
We also found that the UKPDS risk engine
overestimated CHD risk (Table 2) and the
C statistic of the JJ risk engine (0.725) was
slightly higher than that of the risk equa-
tion of the HKDR (0.704) (18), indicating
that the JJ risk engine may outperform the
previously developed risk engines for the
prediction of CHD. For the prediction of
stroke, we did not identify smoking status
and years after diagnosis as predictors,
which are included in the UKPDS risk
engine (6). The risk equation from the
Swedish National Diabetes Register incor-
porates the use of antihypertensive drugs
and lipid-lowering drugs as predictors (9).
However, medical therapies are not con-
sidered in the current analysis, since the
effects of medications on vascular compli-
cations were likely to be confounded by
other clinical factors. In contrast to CHD,
the C statistic of the JJ risk engine (0.636)
was similar to the UKPDS risk engine
(0.638) and lower than the risk equation
of the HKDR (0.749) (17). With regard to
lifestyle factors, we identified LTPA as a
risk factor for stroke and noncardiovascu-
lar mortality, although the statistical sig-
nificance was borderline. On the other
hand, BMI, which has been recognized as
one of the most important risk factors in
the deterioration of type 2 diabetes, was
not associated with CVD. We previously
reported that the BMI of Japanese patients
is much lower than that of white patients,
although in those reports, other patient
characteristics were similar in terms of
age, HbA,., and daily energy intake
(10,11). Our findings run contrary to the
results of studies of white patients, but
data on diet in diabetic patients are sparse,
particularly in Asia. In this study, the con-
tribution of lifestyle factors to the risk as-
sessment appears to be limited, and the
associations between lifestyle and diabe-
tes complications are worthy of further
research.

One important feature of this study
is that we analyzed pooled data from two
nationwide clinical trials in Japan. The
end points were defined similarly in both
trials and follow-up was performed by
diabetes specialists, ensuring data of
relatively high quality. Patients generally
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had fair or good glycemic, weight, blood
pressure, and lipid control. The major
difference between the two trials was
eligible age, i.e., age between 40 and 70
years in the JDCS and age between 65 and
85 years in the J-EDIT. Prior to pooling the
datasets, we compared important clinical
factors between patients in the two trials
and found no notable differences except
for age; therefore, pooling of the datasets
was considered to be valid. Consequently,
the study population in the present anal-
ysis included subjects spanning several
decades, i.e., those from 40 to 84 years.
This can be expected to enhance the gener-
alizability of the algorithm.

Statistical modeling can be much more
complex if we handle multiple events
simultaneously. To the best of our knowl-
edge, this is the first study that applies a
multistate model to the construction of a
risk engine. It is notable that these events
are not inherently independent and the
JJ risk engine calculates each probability
of the first occurrence for five events.
Thus, if the risk of an event (e.g., overt
nephropathy) was increased by a risk
factor (e.g., log ACR), the probability of
the first occurrence of other events (e.g.,
stroke) can decrease theoretically even if
there are no direct associations with the
risk factor.

Several limitations warrant mention.
First, transportability of prognostic infor-
mation is critical, but in this study we
evaluated only the internal validity. Thus,
external validation is required in other
populations. Second, updating the algo-
rithm by long-term follow-up data or
pooled analysis with other studies in Asia
is desirable given that the size of our
cohort is relatively small and the observed
events of CVD and overt nephropathy in
this population were relatively few. Third,
we included angina pectoris and transient
ischemic attack as components of the
cardiovascular events, although they are
soft end points. Consequently, the JJ risk
engine would provide macrovascular risks
higher than those by other risk engines
based on only hard cardiovascular events.
Fourth, data on peripheral arterial disease
and hemoglobin levels were not available.
These factors were included as inputs into
the HKDR all-cause mortality risk score
(19), and peripheral arterial disease is a
clinically relevant cardiovascular out-
come. Fifth, the use of aspirin, which
might increase the risk of hemorrhagic
stroke, was not investigated. Finally, we
defined overt nephropathy as the presence
of persistent proteinuria, since an elevated

urinary albumin excretion due to nondia-
betic renal lesions or conditionsis not rare.

In conclusion, the risk engine allowed
accurate and comprehensive risk assess-
ment of macro- and microvascular com-
plications, although external validation is
required in other populations. The calcu-
lated absolute risks of vascular complica-
tions can be used in risk classification for
individual patients, health-economic sim-
ulations, and estimation of the burden of
the disease.

Acknowledgments—This work was funded
by the Ministry of Health, Labour, and Welfare
of Japan. The sponsor had no role in the design
or conduct of the study.

No potential conflicts of interest relevant to
this article were reported.

Sh.T., Sa.T., and Y.O. performed statistical
analysis and wrote the manuscript. S.I. man-
ageddata. HY.,S.K, YA, NY. AA HI, and
H.S. planned and conducted the JDCS and
the J-EDIT. H.S. is the guarantor of this work
and, as such, had full access to all the data in
the study and takes responsibility for the in-
tegrity of the data and the accuracy of the data
analysis.

The authors thank the many diabetolo-
gists and patients at the 59 participating in-
stitutes of the JDCS and 42 participating
institutes of the J-EDIT throughout Japan.
The authors thank Satomi Fukuya and Yasuko
Maruyama (University of Tsukuba Institute of
Clinical Medicine) for their excellent secretarial
assistance.

References

1. Coleman RL, Stevens RJ, Retnakaran R,
Holman RR. Framingham, SCORE, and
DECODE risk equations do not provide
reliable cardiovascular risk estimates in
type 2 diabetes. Diabetes Care 2007;30:
1292-1293

2. Chamnan P, Simmons RK, Sharp SJ, Griffin
SJ, Wareham NJP. Cardiovascular risk as-
sessment scores for people with diabetes:
a systematic review. Diabetologia 2009;52:
2001-2014

3. Wild S, Roglic G, Green A, Sicree R, King
H. Global prevalence of diabetes: esti-
mates for the year 2000 and projections
for 2030. Diabetes Care 2004:27:1047—~
1053

4. Chan JC, Malik V, Jia W, et al. Diabetes in
Asia: epidemiology, risk factors, and
pathophysiology. JAMA 2009;301:2129~
2140

5. Stevens RJ, Kothari V, Adler Al, Stratton
IM; United Kingdom Prospective Diabetes
Study (UKPDS) Group. The UKPDS risk
engine: a model for the risk of coronary
heart disease in type II diabetes (UKPDS
56). Clin Sci (Lond) 2001;101:671-679

8.

10.

11

12.

13.

14.

15.

16.

17.

. Kothari V, Stevens RJ, Adler Al et al.

UKPDS 60: risk of stroke in type 2 di-
abetes estimated by the UK Prospective
Diabetes Study risk engine. Stroke 2002;
33:1776-1781

. Donnan PT, Donnelly L, New JP, Morris

AD. Derivation and validation of a pre-
diction score for major coronary heart
disease events in a U.K. type 2 diabetic
population. Diabetes Care 2006;29:1231—~
1236

Balkau B, Hu G, Qiao Q, Tuomilehto ],
Borch-Johnsen K, Pyé¢rila K; DECODE
Study Group; European Diabetes Epide-
miology Group. Prediction of the risk of
cardiovascular mortality using a score that
includes glucose as a risk factor. Dia-
betologia 2004;47:2118-2128

. Cederholm J, Eeg-Olofsson K, Eliasson B,

Zethelius B, Nilsson PM, Gudbjérnsdottir
S; Swedish National Diabetes Register.
Risk prediction of cardiovascular disease
in type 2 diabetes: a risk equation from the
Swedish National Diabetes Register. Di-
abetes Care 2008;31:2038-2043

Sone H, Ito H, Ohashi Y, Akanuma Y,
Yamada N; Japan Diabetes Complication
Study Group. Obesity and type 2 di-
abetes in Japanese patients. Lancet 2003;
361:85

Sone H, Yoshimura Y, Ito H, Ohashi Y,
Yamada N; Japan Diabetes Complications
Study Group. Energy intake and obesity
in Japanese patients with type 2 diabetes.
Lancet 2004;363:248-249

Katayama S, Moriya T, Tanaka S, et al.;
Japan Diabetes Complications Study
Group. Low transition rate from normo-
and low microalbuminuria to proteinuria
in Japanese type 2 diabetic individuals:
the Japan Diabetes Complications Study
(JDCS). Diabetologia 2011;54:1025-1031
Kawasaki R, Tanaka S, Tanaka S, et al.;
Japan Diabetes Complications Study Group.
Incidence and progression of diabetic ret-
inopathy in Japanese adults with type 2
diabetes: 8 year follow-up study of the Ja-
pan Diabetes Complications Study (JDCS).
Diabetologia 2011;54:2288-2294

Sone H, Mizuno S, Yamada N. Vascular
risk factors and diabetic neuropathy. N
Engl J Med 2005;352:1925-1927; author
reply 1925-1927

Lee ET, Keen H, Bennett PH, Fuller JH, Lu
M. Follow-up of the WHO Multinational
Study of Vascular Disease in Diabetes:
general description and morbidity. Dia-
betologia 2001;44(Suppl. 2):53-S13
Karter AJ, Ferrara A, Liu JY, Moffet HH,
Ackerson LM, Selby JV. Ethnic disparities
in diabetic complications in an insured
population. JAMA 2002;287:2519-2527
Yang X, So WY, Kong AP, et al. De-
velopment and validation of stroke risk
equation for Hong Kong Chinese patients
with type 2 diabetes: the Hong Kong Di-
abetes Registry. Diabetes Care 2007;30:
65-70

1198 DiaBeTES CARE, VOLUME 36, May 2013

- 209 —

care.diabetesjournals.org



18.

19.

20.

21.

22.

23.

24.

Yang X, So WY, Kong AP, et al. De-
velopment and validation of a total coro-
nary heart disease risk score in type 2
diabetes mellitus. Am ] Cardiol 2008;101:
596-601

Yang X, So WY, Tong PC, et al.; Hong
Kong Diabetes Registry. Development and
validation of an all-cause mortality risk
score in type 2 diabetes. Arch Intern Med
2008;168:451-457

Yang X, Ma RC, So WY, et al. De-
velopment and validation of a risk score
for hospitalization for heart failure in pa-
tients with type 2 diabetes mellitus. Car-
diovasc Diabetol 2008;7:9

Hu G, Jousilahti P, Barengo NC, Qiao Q,
Lakka TA, Tuomilehto J. Physical activity,
cardiovascular risk factors, and mortality
among Finnish adults with diabetes. Di-
abetes Care 2005;28:799-805

Kokkinos P, Myers J, Nylen E, et al. Ex-
ercise capacity and all-cause mortality in
African American and Caucasian men
with type 2 diabetes. Diabetes Care 2009;
32:623-628

Marwick TH, Hordern MD, Miller T, et al.;
Council on Clinical Cardiology, American
Heart Association Exercise, Cardiac Re-
habilitation, and Prevention Committee;
Council on Cardiovascular Disease in
the Young, Council on Cardiovascular
Nursing; Council on Nutrition, Physical
Activity, and Metabolism; Interdisci-
plinary Council on Quality of Care and
Outcomes Research. Exercise training for
type 2 diabetes mellitus: impact on car-
diovascular risk: a scientific statement
from the American Heart Association.
Circulation 2009;119:3244-3262
Colberg SR, Sigal RJ, Fernhall B, et al,
American College of Sports Medicine;
American Diabetes Association. Exercise
and type 2 diabetes: the American College
of Sports Medicine and the American
Diabetes Association: joint position

25.

26.

27.

28.

29.

30.

31

statement. Diabetes Care 2010;33:¢147~
el67

Miiller-Riemenschneider F, Holmberg C,
Rieckmann N, et al. Barriers to routine
risk-score use for healthy primary care
patients: survey and qualitative study.
Arch Intern Med 2010;170:719-724
Sone H, Tanaka S, limuro S, et al.; Japan
Diabetes Complications Study Group.
Long-term lifestyle intervention lowers
the incidence of stroke in Japanese
patients with type 2 diabetes: a nation-
wide multicentre randomised controlled
trial (the Japan Diabetes Complica-
tions Study). Diabetologia 2010;53:419—
428

Araki A, limuro S, Sakurai T, et al.; Japa-
nese Elderly Diabetes Intervention Trial
Study Group. Long-term multiple risk
factor interventions in Japanese elderly
diabetic patients: the Japanese Elderly
Diabetes Intervention Trial—study de-
sign, baseline characteristics and effects of
intervention. Geriatr Gerontol Int 2012;
12(Suppl. 1):7-17

Andersen PK, Keiding N. Multi-state
models for event history analysis. Stat
Methods Med Res 2002:11:91-115

The Committee on the Standardization
of Diabetes Mellitus-Related Laboratory
Testing of Japan Diabetes Society. In-
ternational clinical harmonization of
hemoglobin Alc in Japan: from JDS
to NGSP values [Internet]. Available
from http://www.jds.or.jp/jds_or_jp0/
uploads/photos/813.pdf. Accessed 31
January 2012

Tanasescu M, Leitzmann MF, Rimm EB,
Hu FB. Physical activity in relation to
cardiovascular disease and total mortality
among men with type 2 diabetes. Circu-
lation 2003;107:2435-2439

Ainsworth BE, Haskell WL, Herrmann
SD, et al. 2011 Compendium of Physical
Activities: a second update of codes and

32.

33.

34.

35.

36.

37.

Tanaka and Associates

MET values. Med Sci Sports Exerc 2011;
43:1575-1581

Sone H, Tanaka S, Tanaka S, et al.; Japan
Diabetes Complications Study Group.
Serum level of triglycerides is a potent risk
factor comparable to LDL cholesterol for
coronary heart disease in Japanese pa-
tients with type 2 diabetes: subanalysis of
the Japan Diabetes Complications Study
(JDCS). ] Clin Endocrinol Metab 2011;96:
3448-3456

Wilkinson CP, Ferris FL 3rd, Klein RE,
et al.; Global Diabetic Retinopathy Project
Group. Proposed international clinical
diabetic retinopathy and diabetic macular
edema disease severity scales. Ophthal-
mology 2003;110:1677-1682

Pencina MJ, D’Agostino RB Sr, D’Agostino
RB Jr, Vasan RS. Evaluating the added
predictive ability of a new marker: from
area under the ROC curve to reclassi-
fication and beyond. Stat Med 2008;27:
157-172; discussion 207-212

National Institute for Clinical Excellence.
Inherited Clinical Guideline H. Manage-
ment of type 2 diabetes: management of
blood pressure and blood lipids. London:
National Institute for Clinical Excellence
larticle online], 2002. Available from
http://www.nice.org.uk/nicemedia/pdf/
NICE_INHERITEd_Hv8.pdf. Accessed at
25 April 2011

Wu AY, Kong NC, de Leon FA, et al. An
alarmingly high prevalence of diabetic ne-
phropathy in Asian type 2 diabetic patients:
the MicroAlbuminuria Prevalence (MAP)
Study. Diabetologia 2005;48:17-26
Yokoyama H, Araki S, Haneda M, et al.;
Japan Diabetes Clinical Data Management
Study Group. Chronic kidney disease cat-
egories and renal-cardiovascular outcomes
in type 2 diabetes without prevalent car-
diovascular disease: a prospective cohort
study (JDDM25). Diabetologia 2012;55:
1911-1918

care.diabetesjournals.org

— 210 —

DiaBETES CARE, VOLUME 36, May 2013

1199



Revuews/Commentarles/ADA Statements

Influence of Fat and Carbohydraie
Proporhons on the Meiabollc Profile in

pe 2 Diabefes:

Patients With

A Meia-AnuIysm

Satoru Kopama, Mp, PHD

Kazumi SAITO, MD, PHD
Suiro TANAKA, PHD
Mo Maxi, MS

Yoxko YAcHI, RD
Mutsumi SATO, rp!

AYUMI SUGAWARA, RDY
Kumiko TOTSUKA, RD
HitosH1 SHIMANO, MD, PHD>
Yasuo OHASHI, PHD
NOBUHIRO YAMADA, MD, PHD>
HiroHITO SONE, MD, PHD, FACP!

OBJECTIVE — The effects of dietary macronutrient composition on metabolic profiles in
patients with type 2 diabetes have been inconsistent. This meta-analysis aimed to elucidate the
effect of replacing dietary fat with carbohydrate on glucose and lipid parameters in patients with
type 2 diabetes.

RESEARCH DESIGN AND METHODS — We searched for randomized trials that
investigated the effects of two kinds of prescribed diets (a low-fat, high-carbohydrate [LFHC]
diet and a high-fat, low-carbohydrate [HFLC] diet); in these studies, energy and protein intake
did not differ significantly between the two dietary groups. Nineteen studies that included 306
patients met our inclusion criteria. Median diet composition of carbohydrate/fat in the LFHC and
HFLC diets was 58%/24% and 40%/40%, respectively.

RESULTS — Changes in values for A1C, fasting plasma glucose (FPG), and total and LDL
cholesterol did not differ significantly between the LFHC and HFLC groups. However, the LFHC
diet significantly increased fasting insulin and triglycerides by 8% (P = 0.02) and 13% (P <
0.001), respectively, and lowered HDL cholesterol by 6% (P < 0.001) compared with the HFLC
diet. There were positive associations among the magnitude of changes in FPG, fasting insulin,
and triglycerides for the diets analyzed. However, stratified analysis indicated that the increase in
triglycerides was insignificant when accompanied by energy intake restriction. -

CONCLUSIONS — Our findings suggested that replacing fat with carbohydrate could de-
teriorate insulin resistance while the adverse effect on triglycerides from the LFHC diet could be
avoided by restricting energy intake to a degree sufficient for the attainment of weight reduction.

Diabetes Care 32:959-965, 2009

edical nutrition therapy (MNT) is

the most important aspect of dia-

betes treatment (1). Optimizing
energy intake and macronutrient compo-
sition are especially major topics in MNT.
Whereas it is well-known that caloric
restriction is essential for the achieve-
ment of good glycemic and lipid pro-
files, mainly through weight loss, the
optimal dietary macronutrient compo-

sition for patients with type 2 diabetes
remains controversial.

Since a high-protein diet is not rec-
ommended for diabetic patients because
of the risk of nephropathy (1), macronu-
trient composition is mainly regulated by
the carbohydrate-to-fat (C/F) ratio. Con-
ventionally, restricting fat intake has been
promoted to decrease energy intake and
reduce weight (2). However, a low-fat
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diet, inevitably accompanied by high car-
bohydrate intake, may increase post-
prandial plasma glucose, insulin, and
triglyceride levels (1). Therefore, the ben-
efit of raising the dietary C/F ratio on met-
abolic control in type 2 diabetes has not
been established. The effects of a low-fat,
high-carbohydrate (LFHC) diet or a high-
fat, low-carbohydrate (HFLC) diet in
which total energy and protein intake are
consistent in patients with type 2 diabetes
have often been compared. The aim of
this meta-analysis is to systematically
compare the effects of LFHC and HFLC
diets on glucose and lipid control in pa-
tients with type 2 diabetes.

RESEARCH DESIGN AND
METHODS — We searched MED-
LINE (between 1966 and 2007) and the
Cochrane Library Central Registry of
Controlled Trials (between 1984 and
2007) for relevant publications using the
following medical subject heading terms:
diabetes and (food or diet). We examined
reference lists of those publications to
identify additional studies suitable for our
purpose. We restricted the search to ran-
domized controlled trials published in
English. We searched for studies of the
effects of two kinds of prescribed diets
differing according to proportions of car-
bohydrate and fat under conditions that
the prescribed total energy and protein
intake did not differ significantly between
groups of patients with type 2 diabetes.
Trials in patients with type 1 diabetes
were excluded. We designated one diet as
the LFHC diet, which was defined as hav-
ing a relatively high C/F ratio, and the
other as the HFLC diet, which had a rel-
atively low C/F ratio. As shown in detail in
Table 1, in examining these studies, we
found that the C/F ratio ranged from 0.60
to 1.56 for the HFLC diets and from 1.67
to 7.30 for the LFHC diets.

Among the studies identified, we in-
cluded only randomized controlled trials
with measurements of fasting plasma glu-
cose (FPG) and fasting insulin and inter-
vention periods of =1 week. Both
parallel-group and crossover designs
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Table 1—Descriptive statistics of studies included in the meta-analysis

Intervention LFHC HFLC Using Diabetes

period Dropout Age  Men antihyperglycemia duration

(weeks) (%) n C/E/P(%) n C/EP(%) (years) (%) BMI agents (%) (years)
Campbell et al. (1994; ref. 13) 2 N/A 10 55/22/23 10 40/37/23 55 100 26.5 10 5
Chen et al. (1995; ref. 14) 6 N/A 9 55/30/15 9 40/45/15 49 67 27.5 N/A N/A
Coulston et al. (1989; ref. 15) 6 0 8 60/20/20 8 40/40/20 66 63 255 75 N/A
Fuh et al. (1990; ref. 16) 2 N/A 11 6072020 11  40/40/20 58 100 258 100 N/A
Garg et al. (1992; ref. 17) 3 N/A 8 60/25/15 8 35/50/15 63 100 30 0 N/A
Garg et al. (1994; ref. 18) 6 0 42 55/30/15 42 40/45/15 58 79 28.1 100 N/A
Heilbronn et al. (1999a;

ref. 19) 12 17 12 73/10/17 10 50/32/18 58 27 32.9 58 5
Heilbronn et al. (1999b;

ref. 19) 12 15 12 73/10/17 13 50/32/18 58 20 331 52 6
Lovejoy et al. (2002a,; ref. 20) 4 12 30 58/27/15 30 46/39/15 54 43 33 47 N/A
Lovejoy et al. (2002b; ref. 20) 4 12 30 58/27/15 30 46/39/15 54 43 33 47 N/A
Luscombe et al. (1999;

ref. 21) 4 25 21 53/21/26 21  42/35/23 57 67 304 76 6
Miyashita et al. (2004; ref. 22) 4 N/A 11 63/10/27 11 40/35/25 52 73 27 0 N/A
Parillo et al. (1992; ref. 23) 2 0 10 60/20/20 10 40/40/20 53 70 26.7 50 8
Parillo et al. (1996a; rel. 24) 2 0 9 60/20/20 9 40/40/20 48 N/A 247 0 6
Parillo et al. (1996b; ref. 24) 2 0 9 60/20/20 9 40/40/20 50 N/A 24.6 100 8
Rodriguez-Villar et al. (2000;

ref. 25) 6 25 12 55/30/15 12 45/40/15 N/A N/A 279 N/A 6
Rodriguez-Villar et al. (2004;

ref. 26) 6 15 22 55/30/15 22 45/40/15 61 54 283 N/A N/A
Rusmussen et al. (1994; refs.

27,28) 3 N/A 15 50/30/20 15 30/50/20 57 67 27 47 6
Sestoft et al. (1985; ref. 29) 1.4 N/A 8 50/30/20 8 42/36/22 48 50 22.7 0 5
Simpson et al. (1982; ref. 30) 4 N/A 10 60/22/18 10 35/47/18 58 N/A 262 80 6
Storm et al. (1997a; ref. 31) 3 0 15 50/30/20 15 40/45/15 53 53 29.7 73 6
Storm et al. (1997b; ref. 31) 3 0 15 50/30/20 15 40/45/15 53 53 29.7 73 6
Median 4 6 12 58/24/20 12 40/40/20 55 65 27.7 52 6
Minimum 1.4 0 8 8 48 20 227 0 5
Maximum 12 25 42 42 66 100 33.1 100 8

C/F/P, proportion of carbohydrate/fat/protein to total energy of the prescribed diet; N/A, not assessed.

were included. Studies that included an
intervention with a change in the content
or quality of carbohydrate such as an in-
crease in fiber and whole grains were ex-
cluded because such diets are high in
fiber, which in itself ameliorates glycemia
and lipemia regardless of changes in the
C/F ratio (3,4). Studies of very-low-
calorie or enteral (not oral) diets and
those in which the dosage of hypoglyce-
mic agents was changed during the inter-
vention period were also excluded. One
of three reviewers extracted all studies
that met the eligibility criteria, and a sec-
ond reviewed all extracted data. When
necessary, disagreement was resolved by
discussion with a third author.

Extracted data included features of
the study design (i.e., crossover or parallel
design and presence of a washout period),
intervention periods, characteristics of
patients (mean age, BMI, percent men,

and percent those using hypoglycemia
agents). Other extracted data regarded the
characteristics of each diet, such as ma-
cronutrient composition; a weight-loss
diet, which was defined as caloric restric-
tion resulting in weight reduction; a
weight-maintenance diet, which was de-
fined by a weight change of =1 kg during
the intervention period, and a monoun-
saturated fat (MUFA) diet within the
HFLC-diet group, which was defined as
the addition of MUFA to the HFLC diet.
We also extracted baseline and final
means and statistical dispersions of each
group for the following metabolic pro-
files: ALC, FPG, fasting insulin, total cho-
lesterol, fasting triglycerides, LDL
cholesterol, HDL cholesterol, and 2-h
postprandial levels of glucose and insulin.
If VLDL cholesterol but not triglyceride
data were provided, the triglyceride value
was calculated by multiplying VLDL cho-

lesterol X 5 according to the Friedewald
formula (5). Also, if HbA; but not A1C
data were provided, A1C was estimated
by the relation between HbA; and A1C
concentrations according to the method-
ology of Kilpatrick et al. (6). If necessary,
measures of means and dispersion were
approximated from figures in the articles
using an image scanner (CanoScan LiDE
500F [resolution 600 dpi]; Canon, To-
kyo, Japan). Study quality was assessed
according to the scale described by Jadad
et al. (7), with each included trial evalu-
ated according to randomization, double
blinding, withdrawals, and dropouts.
The effect on each metabolic profile,
which is expressed as the mean difference
between LFHC- and HFLC-diet groups in
individual studies, was calculated by sub-
tracting the change from baseline to final
values in the HFLC-diet group from that
in the LFHC-diet group. The SE of the
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change from baseline values was directly
extracted from the reported data or esti-
mated from the SEs of the baseline and
final values in the LFHC- and HFLC-diet
groups, assuming a correlation of 0.5 be-
tween the baseline and final measures
within each group, according to the for-
mula of Follmann et al. (8), as follows:

(S}:-:baseline)2 + (SEﬁnal)2 —2X0.5
X (SEbaseline) X (SEﬁnal)

We chose the percent change from base-
line values because the mean baseline and
final values in patients in each study were
highly skewed. To estimate percent
change, we divided each change from
baseline values and its SE by the baseline
value. When no baseline value was re-
ported, as in some crossover studies, we
summarized the intervention effect by the
ratio of the difference in final values be-
tween LFHC- and HFLC-diet groups to
the final value in the HFLC-diet group
and assumed that the baseline SE was
equal to the final SE. This method of esti-
mating percent change has limitations, es-
pecially in studies without washout
periods. Therefore, we performed a sen-
sitivity analysis to examine the effect of
these studies on the results.

All percent changes were firstly
pooled with a fixed-effects model (9). For
each outcome measure, influence analysis
was conducted to detect an outlier (i.e., a
single estimate with an extreme result),
which influenced overall outcome. Study
heterogeneity was statistically assessed by
Q statistics (9). If heterogeneity was sig-
nificant, the percent changes were sec-
ondarily re-pooled with a random-effects
model (9). Publication bias was assessed
using two formal methods: Begg’s test
(10) and Egger’s test (11). The trim-and-
fill technique (12) was used to investigate
the impact of any suggested bias.

We also calculated the weighted
mean difference (WMD) in individual tri-
als by multiplying each percent change by
the inverse of its SE squared. We ecolog-
ically examined the mutual association
among each metabolic effect of the LFHC
diet compared with the HFLC diet by
Spearman’s correlation analyses among
WMDs.

To investigate the effect of study char-
acteristics, stratified analyses were per-
formed for the following possible
confounders: study design (i.e., whether
each trial used a crossover design and, if
so, whether the trial had a washout period
or data on baseline values), intervention

period (<4 vs. =4 weeks), percent the
study of female sex (<50 or =50%),
mean age (<55 vs. =55 years), BMI (<28
vs. =28 kg/m?), percentage using hypo-
glycemia agents (zero vs. above zero), C/F
ratio in the LFHC (>3 vs. =3) and HFLC
(>1 vs. =1) groups, prescription of the
MUFA diet (yes vs. no), and prescription
of a weight-loss or weight-maintenance
diet. We additionally conducted linear
multivariable regression analyses to de-
termine whether the characteristics of the
patients were independent predictors that
influenced the effect of the LFHC diet ver-
sus that of the HFLC diet. In this analysis,
age, BMI, and the carbohydrate propor-
tion in the LFHC and HFLC diets were
entered as continuous variables. A P value
of =0.05 was considered statistically sig-
nificant. All analyses were performed
with STATA software version 10 (STATA
Corporation, College Station, TX).

RESULTS

Descriptive statistics on studies
included in the meta-analysis
(Table 1)

Of 2,203 potentially relevant publica-
tions based on search terms and 22 ref-
erences obtained from manual searches,
19 (13-31) met the inclusion criteria.
Four articles (19,20,24,31) included
two trials in one study, and two articles
(27,28) used the same cohort. Finally,
22 trials (306 patients) were included in
our analyses. Studies included in the
current analysis had intervention peri-
ods ranging from 10 days to 6 weeks
and patient numbers ranging from 8 to
42. Means * between-study SDs for the
mean study characteristics from 22 tri-
als were as follows: age 55 ® 5 years,
percent men 63 = 23, BMI 28 * 3 kg/
m?, percent using hypoglycemia agents
52 *= 31, and diabetes duration 6 * 1
years.

Ten studies (15,18-21,23-26,31)
described the number of dropouts, and
nine (13,14,16,17,22,27-30) did not.
The dropout rate ranged from 0 to 25%.
None of the 19 articles described methods
of randomization, which led to a low
quality score for the trial. A crossover de-
sign was used in 17 studies (13-
18,20,21,23-31) (with 19 trials),
whereas a parallel design was used in two
studies (19,22) with three trials. Median
carbohydrate/fat proportion of total en-
ergy (C/F ratio) in the LFHC and HFLC
diets was 58%/24% (2.4) and 40%/40%
(1.0), respectively. Three studies

Kodama and Associates

(19,22,26) with 4 trials prescribed a
weight-loss diet, and 11 studies
(13,14,17-19,21,23-25,27 28) with 11
trials provided a MUFA diet to the HFLC-
diet group.

Overall effects of the LFHC diet
compared with those of the HFLC
diet on metabolic outcomes and
study heterogeneity

Table 2 provides a summary of pooled
estimates of various outcome measures.
There were no significant differences in
the reduction in A1C, total cholesterol,
and LDL cholesterol between the LFHC
and HFLC diets. However, the LFHC diet
produced significant increases in fasting
insulin and triglycerides levels of 8.4%
(P = 0.02) and 13.4% (P < 0.001), re-
spectively, and a significant reduction in
HDL cholesterol compared with that as-
sociated with the HFLC diet. Two-h glu-
cose and insulin values were higher in the
LFHC-diet group than in the HFLC-diet
group by 10.3% (P < 0.001) and 12.8%
(P < 0.001), respectively.

Influence analyses indicated that
there were a few outliers for percent
change in total (22), HDL (22), and LDL
(29) cholesterol (see online appendix Ta-
bles Al and A2, available at http://care.
diabetesjournals.org/cgi/content/full/
dc08-1716/DC1). When these trials were
omitted from the analyses, percent
change in total cholesterol, HDL choles-
terol, and LDL cholesterol significantly
changed from —0.0% (95% CI —2.1 to
2.0)to —1.6% (—4.5t0 1.3; P = 0.03),
from —10.4% (—12.2t0o —8.6) to —5.6%
(=29 to —8.4; P < 0.001), and from
—3.0% (—6.3100.4)t0 —0.1% (—4.1 to
3.8; P = 0.001), respectively. These out-
lying trials comprised a large part of study
heterogeneity in percent change in total,
HDL, and LDL cholesterol (22.2, 59.1,
and 53.0%, respectively.) Therefore, they
were excluded from the following analy-
ses for the outcome that they affected. Af-
ter omission of these outliers, there was
no evidence of significant study heteroge-
neity (P > 0.4 for all outcomes).

Relationships among the magnitude
of effects on metabolic profiles
Ecological analyses showed trends indi-
cating that the WMD in FPG was posi-
tively associated with that in fasting
insulin (r = 0.45; P = 0.04) and triglyc-
erides (r = 0.59; P = 0.004) and that the
WMD in fasting insulin and triglycerides
was mutually associated (r = 0.43; P =
0.04). These associations remained signif-

DiABETES CARE, VOLUME 32, NUMBER 5, MAy 2009

— 213 —

961



o e R S D s e
Fat and carbohydrate proportions and metabolic profile

Table 2—Overall percent changes resulting from LFHC versus HFLC diet on metabolic profiles and data on publication bias and their likely

effect on the estimates

2-h Fasting 2-h fasting Total HDL LDL
AlC FPG glucose insulin  insulin  cholesterol Triglycerides  cholesterol  cholesterol
Trials (n) 10 22 10 22 9 20 22 20 16
Overall percent change ~ —1.5 0.3 103 8.4 12.8 1.6 13.4 -5.6 0.1
95% ClI —53t023 —28t03.4 6.7-13.9 1.3-15.6 52-204 -—13tw45 7.1-19.8 —84to—29 —38to4.1l
P 0.70 0.87 <0.001 0.02 <0.001 0.27 <0.001 <0.001 0.94
Publication bias
Begg's 0.80 0.82 0.25 0.30 0.40 0.85 0.48 0.75 0.86
Egger’s 0.47 0.30 0.12 0.13 0.16 0.26 0.75 0.08 0.92
Trim and fill
Fill* 7
Adjusted? —7.6
95% C1 —10.2 to —5.0

*Studies (n) added by the trim-and-fill method. Percent change after adjustment for publication bias by the trim-and-fill method. Begg’s, Begg’s adjusted rank
correlation test; Egger’s, Egger’s regression asymmetry test.

icant after adjustment for whether a
weight-loss diet was prescribed (FPG vs.
fasting insulin, r = 0.58 and P = 0.004;
FPG vs. triglycerides, r = 0.44 and P =
0.04; and fasting insulin vs. triglycerides,
r = 0.44 and P = 0.04).

Test of publication bias

Table 2 also shows data on publication
bias and its likely effect on estimates of
outcome according to the trim-and-fill
method (12). There was a relatively
strong suspicion of publication bias for
HDL cholesterol (Egger’s test, P = 0.08
for HDL cholesterol; recommended level
of significance, P =< 0.10 [32]). According
to results of the compensatory trim-and-
fill method, the effect of publication bias
would slightly underestimate the adverse
effect of the LFHC diet.

Sensitivity analysis

Results of our stratified analysis to detect
characteristics of studies and patients in-
cluded in our analyses that might have
modulated study outcomes are shown in
Table 3. Of the 17 studies with a crossover
design, 9 with 10 trials (14-16,21,23—
26,29) did not include a washout period,
which could lead to an underestimation
due to a carryover effect (33). Moreover,
none of these studies had baseline data.
However, the effect of these nine studies
on results was not significant for any of
the measures.

The elevation in fasting insulin was
remarkable (17.1%; P = 0.001) in LFHC
diets with a C/F ratio =3 (in this case, an
LFHC diet with =60% carbohydrate and
=20% fat of total energy) while the C/F
ratio in the LFHC diet did not influence

triglycerides. There was a greater eleva-
tion in triglycerides (21.0%; P<<0.001)
with the LFHC diet when the LFHC diet
and MUFA diet were compared; i.e.,
MUFA was replaced with carbohydrate.
However, the magnitude of the elevation
in fasting insulin did not differ between
the MUFA diet and non-MUFA diet (i.e.,
regardless of dietary fat quality). Whereas
a larger elevation in triglycerides was ob-
served in trials limited to weight-
maintenance diets, the LFHC diet did not
significantly elevate triglycerides com-
pared with the HFLC diet when only trials
with weight-loss diets were examined
(i.e., diets for weight loss) (P = 0.48).

The elevation in fasting insulin was
greater in younger and leaner patients in
response to the LFHC diet compared with
that in response to the HFLC diet. More-
over, mean age and BMI were indepen-
dent predictors of percent change in
fasting insulin. Multiple regression analy-
sis indicated that every —1 kg/m” of BMI
and —1 year of age were independently
associated with a greater elevation in fast-
ing insulin by 2.6% (P = 0.002) and 1.7%
(P = 0.005), respectively. For patients
not taking antihyperglycemic drugs, the
LFHC diet could be more harmful for fast-
ing insulin than the HFLC diet. However,
because only a few studies included pa-
tients not receiving antihyperglycemic
drugs, the results should perhaps be in-
terpreted with caution.

CONCLUSIONS — Although central
to MNT, the influences of various dietary
C/F ratios on glycemic control and lipid
profiles in patients with type 2 diabetes
have not been systematically reviewed.

Our meta-analysis is the first to quantify
the effect of the LFHC diet compared with
that of the HFLC diet on each metabolic
outcome.

Our results fundamentally support
current dietary guidelines (1) stating that
replacing fat with carbohydrate signifi-
cantly elevates postprandial glucose and
insulin levels when total energy intake is
consistent. We additionally found that
the LFHC diet significantly elevated fast-
ing insulin compared with the HFLC diet,
with marked elevations noted when the
C/F ratio was =3. Moreover, there were
significantly positive relationships among
the change in FPG and the magnitude of
the elevation in fasting insulin and triglyc-
erides, independent of energy restriction
for weight control.

Postprandial hyperglycemia with
postprandial hyperinsulinemia and fail-
ure to maintain glucose homeostasis are
often clustered in insulin-resistant indi-
viduals, who are representative of those
with type 2 diabetes (34). This suggests
that an LFHC diet is unfavorable com-
pared with an HFLC diet for insulin-
resistant patients, at least when energy
intake is consistent. However, our find-
ings do not support the benefit of an ex-
tremely high-fat diet because the
carbohydrate proportion in the HFLC di-
ets included in our analyses was =50%.
Moreover, we cannot comment on the
possible benefit of a high-carbohydrate
diet with a high-fiber component because
we excluded studies investigating the ef-
fect of such a diet. Moreover, there is con-
cern that increased fat intake ad libitum
may promote weight gain (35). It is worth
repeating that total caloric intake and nu-
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Table 3—Stratified analysis to examine the effects of characteristics of studies and patients on each metabolic profile

FPG Fasting insulin Triglycerides Total cholesterol HDL cholesterol LDL cholesterol
Percent change Percent change Percent change Percent change Percent change Percent change
N (95% CI) N (95% CI) N (95% CI) N (95% CI) N (95% CI) N (95% CD)
Study with washout
period or baseline
data
Neither* 10 09(—46t06.3) 10 9.0(-1.7t019.7) 10 18.2(7.3-29.1) 9 07(-421055 9 —68(—103tw—32) 5 —0.7(-81t06.6)
Otherst 12 0.0(-38t03.7) 12 8.0(—1.6t017.6) 11.0 (3.2-18.8) 11 22(-15t058 11 —4.0(—~82t00.3) 11 05(—42t05.1)
Period <4 weeks 10 13(-29t05.5) 10 152 (3.1-27.3) 10 15.8 (4.9-26.6) 10 1.7(-3t06.4) 10 =73(=109tw0 —-36) 6 08(-75t09.1)
Period =4 weeks 12 —1(-55103.6) 12 49(-391013.7) 12 12.2 (4.4-20) 10 1.6(—21t053) 10 —3.6(=7.7t00.6) 10 0.0(—4.5t04.4)
<50% of subjects female 13 0.4 (—33t04.1) 13 62(—34t0159) 13 13.7(5.8-21.6) 11 2(=1.8t059) 11 —34(-81tol.2) 10 0.6(—4.61t05.8)
=50% of subjects female 5 1.6(-4.6t07.8) 5 11.5(-0.1t10232) 35 15.1(2.8-27.3) 5 18(—38to74) 5 —74(—11lto—3.7) 4 —05(~71t06.1)
Mean age <55 years 10 —0.2(—4.1t03.7) 10 17.2 (6.7-27.8)% 10 12.7 (4.6-20.8) 8 12(-39t062) 8 —58(-92to—-24) 4 —0.6(—-7.5106.3)
Mean age =55 years 11 12(-39t064) 11 1.7(=821t011.7)% 11 15.1 (4.5-25.7) 11 19(~17t055) 11 —56(-10310—-08) 11 07(-42tw05.5)
BMI <28.0 kg/m? 12 19(-28t06.6) 12 18.2 (7.6-28.8)% 12 12.5(4.6-20.4) 10 12(-35t058 10 —78(-116t0o—4.1) 6 —0.9(—8.6t06.9)
BMI =28.0 kg/m? 10 —1(-51t3.1) 10 03(-941099% 10 15.1(4.6-25.7) 10 1.9(-18tw5.6) 10 —3.1(~7.11t00.9) 10 05(—41lt5)
Taking hypoglycemic
agents 18 —0.6(—4.1t1029) 18 4.4(-3.81t012.7)§ 18 15.4(6.9-23.8) 17 15(-15t04.6) 17 —3.1(-6.6t00.4) 15 0.1(—38t04.1)
Not taking hypoglycemic
agents 4 29(-33t09.1) 4 20.7(6.3-35.1)§ 4 10.9 (1.4-20.5) 3 26(-67t0118) 3 —=94(—-137t0—51) 1 0(—31.8t031.8)
C/F ratio in LFHC =3 8 05(-55t06.5) 8 17.1(5.7-28.6)§ 8 93(-09t10194) 7 —0.1(-54t051) 7 —46(—-109t01.6) 4 —=3.1(-1141052)
C/F ratio in LFHC <3 14 02(-34138 14 29(-62t012.1)§ 14 16(8-24.1) 13 24(-111059 13 —59(—89t0~2.8) 12 11(-3.4t05.5)
C/F ratio in HFLC =1 12 02(—-38t042) 12 81(-410202) 12 18.7(8.3-29.1) 11 12(-27t05) 11 —4.2(=9.1t0 0.6) 8 —0.6(—6.41052)
C/F ratio in HFLC >1 10 04(—45t052) 10 86(-02t017.5) 10 10.4(2.4-18.3) 9 22(-22t06.6) 9 —63(—9.6to—3) 8 08(—45t06.1)
MUFA dietin HFLC diet 11 1.9(-=39t07.7) 11 52(-4910152) 11 21.0(10.2-31.7)8 10 3.1(-11t72) 10 —4.3(—9.4100.8) 7 2.8(—341t08Y9)
No MUFA diet in HFLC
diet 11 —04(—4.0t03.3) 11 11.8(1.7-22) 11 9.4 (1.6-17.2)8 10 02(-3.8t043) 10 —6.2(=9.4to0 ~3) 9 —1.6(—6.7103.4)
WL diet in LFHC and ‘
HFLC diets 4 —21(-96t055) 4 125(-1t025.9) 4 40(-71t0152)%¥ 3 13(-6t08.5) 3 =39(-12.41t04.6) 3 19(-74w0ll2)
No WL diet in LFHC and
HFLC diets 18 07(-27w41) 18 69(-1510153) 18 17.9(10.2-255)% 17 17(-15t049) 17 =58(—87t0 —3) 13 —0.2(—4.6t04.1)

*Studies having neither a washout period nor baseline data. TParallel study design or cross-sectional design studies that have a washout period and/or baseline data. P < 0.01; §P < 0.05. WL diet, energy intake

restricted for weight loss.
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tritional content must be appropriate for
metabolic control regardless of macronu-
trient proportions (1).

Changes in FPG and A1C did not dif-
fer between the two diets despite signifi-
cant elevations in 2-h and fasting insulin
with the LFHC diet. One possible expla-
nation is that the elevation in postprandial
glucose level was overcompensated for by
increased insulin secretion. However,
only three studies concurrently assessed
AlC, fasting insulin, and FPG values,
with an intervention period of, at most, 6
weeks. Therefore, we could not conclude
whether the elevation in postprandial glu-
cose and insulin leve] achieved by raising
the dietary C/F ratio leads to the deterio-
ration of glycemic control represented by
elevations in FPG and A1C.

A previous meta-analysis suggested
that replacing carbohydrate with MUFA
reduced fasting triglycerides in patients
with type 2 diabetes on weight-
maintenance diets (36); this was sup-
ported by our results. However, it is
uncertain whether the effect on triglycer-
ides was caused by the C/F ratio or the
ratio of energy from MUFA to total en-
ergy. Moreover, whether the effect of this
replacement was independent of that of a
weight-loss diet has not been investi-
gated. According to our stratified analy-
ses, no dose-response relationship
between the C/F ratio in the LFHC diet
and the elevation in triglycerides was in-
dicated, although replacement of the
MUFA diet with the LFHC diet induced a
greater elevation in triglycerides. More-
over, the LFHC diet did not significantly
elevate triglycerides compared with the
HFLC diet when a weight-loss diet was
prescribed. Therefore, controlling total
caloric intake and the quality of dietary fat
appear to be more important than carbo-
hydrate and fat composition in improving
triglycerides levels. In other words, these
findings suggest that a high-carbohydrate
diet has little harmful effect on triglycer-
ideslevelsif such a diet provides sufficient
energy restriction for weight control.

Our study has some limitations. First,
although we omitted studies investigating
the effect of high-carbohydrate diets that
were also high in dietary fiber, it is possi-
ble that the additional phytochemicals
(including fiber itself), which are inevita-
bly accompanied by a substantial amount
of carbohydrate, influence the metabolic
effects regardless of the change in C/F ra-
tio. Second, we assumed that energy in-
take from the two diet groups would be
similar if a weight-maintenance diet was

equal to an isocaloric diet based on evi-
dence of the meta-analysis by Bravata et
al. (37) that indicated that weight change
was associated with restriction of caloric
intake but not reduced carbohydrate con-
tent. However, some recent studies
showed that low-carbohydrate diets re-
sulted in greater weight loss than low-fat
diets despite their similar energy content
(38), as is often the case with high-fiber
diets (e.g., whole grains) (39). More in-
vestigation is needed to determine
whether the relationship between change
in energy intake and body weight is inde-
pendent of the proportions of dietary car-
bohydrate and fat. Third, few studies
investigated long-term effects (e.g., >2
months) of changing the proportions of
carbohydrate and fat on metabolic pro-
files in patients with type 2 diabetes. Ac-
tually, a larger elevation in fasting insulin
in association with the LFHC diet was ob-
served for an intervention period of <4
weeks compared with =4 weeks but
without statistical significance (P = 0.10).
Possibly, a prolonged intervention in-
volving changes in macronutrient com-
position causes some adaptation of
insulin metabolism. Fourth, most studies
provided insufficient data about baseline
glucose and lipid levels, and few focused
on black or Asian patients. Therefore, the
current meta-analysis provides limited
suggestions on identifying patients for
whom a low-fat or low-carbohydrate diet
is especially effective in terms of their cir-
cumstances or metabolic profiles (1).

Future studies focused on the follow-
ing are suggested: 1) providing a possible
explanation for the greater adverse effect
on the fasting insulin by the LFHC diet
than by the HFLC diet, especially in
younger and leaner individuals; 2) identi-
fying the long-term effect of a low-
carbohydrate diet on factors other than
metabolic effects (e.g., adaptation in glu-
cose and lipid metabolism, ad libitum en-
ergy intake in patients with type 2
diabetes or obesity [40]) and the safety of
such a diet (e.g., with regard to the diges-
tive system); and 3) addressing whether a
subject’s medication status and the char-
acteristics of diabetes drugs could influ-
ence the effect of changing the dietary C/F
ratio in patients with type 2 diabetes.

In conclusion, replacement of dietary
fat with carbohydrate is not recom-
mended for improvement of insulin resis-
tance in patients with type 2 diabetes
under conditions whereby total energy
and protein intake and the content of car-
bohydrate are similar and the proportion

of carbohydrate to total energy is =30%.
We found that younger and leaner pa-
tients had higher fasting insulin responses
with the LFHC diet, although the biolog-
ical mechanism was not fully investigated.
The LFHC diet also adversely affects trig-
lycerides and HDL cholesterol compared
with the HFLC diet. However, energy re-
striction and dietary fat quality seemed
more important for lowering the triglyc-
eride concentration than the proportion
of carbohydrate and fat.
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OBJECTIVE-—The association between habitual physical activity (PA) and lowered risk of all-
cause mortality (ACM) and cardiovascular disease (CVD) has been suggested in patients with
diabetes. This meta-analysis summarizes the risk reduction in relation to PA, focusing on clar-
ifying dose-response associations.

RESEARCH DESIGN AND METHODS —Electronic literature searches were conducted
for cohort studies that examined relative risk (RR) of ACM or CVD in relation to PA in patients
with diabetes. For the qualitative assessment, RR for the highest versus the lowest PA category
in each study was pooled with a random-effects model. We added linear and spline regression
analyses to assess the quantitative relationship between increases in PA and ACM and CVD
risk.

RESULTS—There were 17 eligible studies. Qualitatively, the highest PA category had a lower
RR [95% ClI] for ACM (0.61 [0.52-0.70]) and CVD (0.71 [0.60-0.84]) than the lowest PA
category. The linear regression model indicated a high goodness of fit for the risk of ACM
(adjusted R* = 0.44, P = 0.001) and CVD (adjusted R* = 0.51, P = 0.001), with the result
that a 1 MET-h/day incrementally higher PA was associated with 9.5% (5.0-13.8%) and 7.9%
(4.3-11.4%) reductions in ACM and CVD risk, respectively. The spline regression model was not
significantly different from the linear model in goodness of fit (P = 0.14 for ACM risk; P = 0.60 for
CVD risk).

CONCLUSIONS—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.

Diabetes Care 36:471-479, 2013

higher risk of all-cause mortality
(ACM) and cardiovascular death than
those without diabetes, and cardiovascular
disease (CVD) remains the primary cause

P ersons with diabetes have a 50-60%

of death in the U.S. among diabetic pa-
tients (1). Lifestyle modification, which
mainly focuses on controlling energy in-
take and increasing daily physical activity
(PA), is a major component of programs
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to reduce cardiovascular risk factors that
coexist with diabetes in addition to phar-
macologic approaches (2).

Results of lifestyle alterations in con-
trolled settings, in particular exercise
interventions, have not yet been repli-
cated in primary care settings or in actual
daily life, as only a few studies have
indicated that such interventions have
contributed to reductions in incident
CVD (3,4). In addition, implementing su-
pervised exercise therapy often may be dif-
ficult due to the perceived high cost per
patient and the amount of time necessary
per patient for each session (5). Therefore,
exercise therapy is inevitably limited to
merely general recommendations rather
than interventions supervised by practi-
tioners. Quantitative evidence for PA-
related benefits is essential for practitioners
to prescribe self-management goals of a
specific PA volume for patients with diabe-
tes and to motivate patients to maintain
adherence to this prescription. The aim of
this meta-analysis is to clarify the rela-
tionship between habitual PA and future
ACM or incident CVD in patients with
diabetes, focusing on the dose-response
association.

RESEARCH DESIGN AND
METHODS

Search strategy

We conducted electronic literature searches
(MEDLINE, 1950-2011 September;
EMBASE, 1974-2011 September) for co-
hort studies that investigated the relation-
ship between PA and ACM/CVD risk,
where study keywords were thesaurus
terms registered in MEDLINE (MeSH)
or EMBASE (EMTREE) and text words
related to diabetes, PA, ACM/CVD, and
text words related to cohort studies.
These key concepts were combined using
the Boolean operator “and.” Details of the
keywords are shown in Supplementary
Table 1. Reference lists from the identi-
fied articles were manually examined for
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relevant articles. No language restriction
was imposed.

Inclusion criteria

The initial inclusion criteria were as fol-
lows 1) prospective or retrospective co-
hort study without exercise intervention;
2) all subjects had diabetes; 3) ACM or
CVD was an independent study end
poing; and 4) the effect measure (i.e., rel-
ative risk [RR] or odds ratio [OR}) and its
corresponding SE for high PA categories
compared with the lowest PA category in
each study were provided or could be cal-
culated.

Studies that included coronary heart
disease (CHD) but that did not include
stroke as an end point were also included
because CHD represents the greatest por-
tion of CVDs. If a study separately as-
sessed CHD and stroke risk in relation to
PA, we gave priority to data on CHD risk.
We also included studies if they consid-
ered fatal CVD but did not include non-
fatal CVD as an end point. However, if the
risk of CVD death and a CVD event were
separately investigated, priority was given
to the CVD event because a CVD event,
which includes both fatal and nonfatal
outcomes, is a broader concept. Similarly,
priority was given to CVD risk if a study
separately investigated both CVD and
CHD risk.

Any type of PA was considered. How-
ever, we selected the data on the wider
spectrum of PA if a study separately in-
vestigated two or more types of PA (e.g.,
total PA and leisure-time PA [LTPA],
LTPA and walking, etc.).

Data extraction

Two authors (S.K. and H.So.) indepen-
dently extracted key study characteristics.
Disagreement was solved by discussion.
The effect measure in each study was ex-
tracted or, if not directly provided, calcu-
lated based on data on the number of
cases and noncases in referent (i.e., lowest
PA category) and nonreferent (i.e., other
PA categories) groups. We considered the
OR as an indicator of RR based on the
assumption that the OR is an approxima-
tion of the RR, although this assumption
has some limitations (6). If a study pro-
vided several effect measures, such as un-
adjusted and adjusted effect measures,
the most completely adjusted effect mea-
sure was used.

For assessment of study quality, we
selected the five relevant items, which
were formed as questions, from the 16
components in the study quality assess-

ment guidelines proposed by Powell et al.
(7) and modified them as follows 1) Is the
instrument for measuring PA validated?
2) Does PA allow quantification? 3)
Were the outcomes determined by the
specified criteria when the patient’s med-
ical record was considered to have infor-
mation on the specific outcome for that
patient while other sources of information
such as registries for study outcomes,
death certificates, or the patient’s self-
report did not? 4) Was the adjustment
for the confounders sufficient when “suffi-
cient adjustment” was defined as consider-
ing the following five classic cardiovascular
risk factors: age, sex, smoking, dyslipide-
mia (or LDL/total cholesterol level), and
hypertension? and 5) Were subjects that
were lost to follow-up excluded from the
analysis?

Data synthesis

We conducted separate meta-analyses for
ACM and CVD risk, but types of PA were
not separately analyzed. Generally, the SE
is provided for a logarithm of each risk
measure (log RR) rather than the risk
measure itself. Therefore, log RR was used
as an expression of the effect size (i.e.,
strength of the association). The SE was
calculated from the CI or, if not pro-
vided, was calculated by the following
formula:

1 1 1 1
SE? = [ o o] b [+ —
C1+N1] C0+No]

where Cg and Ny indicate the number of
cases and noncases in the referent group,
respectively, and C; and N; indicate the
number of cases and noncases in the non-
referent group, respectively.

For qualitative assessment of PA ben-
efit for ACM and CVD risk, the log RR for
the highest versus the lowest PA category
in each study was pooled with an inverse
variance method. The pooled RR was
calculated by an exponentiation of the
pooled log RR. Study heterogeneity was
assessed by Q statistics or I* overall and
within each strata after the stratification
(8). The pooled estimate was based on a
random-effects model if the between-
study heterogeneity was statistically sig-
nificant; otherwise it was based on a
fixed-effects model (9).

Stratified analyses were conducted on
the following study characteristics that we
identified on the basis of previously ex-
tracted data from the included studies:
study outcome (CVD/CHD only, fatal
only/both fatal and nonfatal), country

(U.S./non-U.S.), mean age (<60 years/
=60 years) (the cut-off value was a priori
determined because it approximated the
median of the mean age in each included
study in this meta-analysis), proportion
of men (=50%/<50%), mean BMI
(<27.8 kg/m? [in men], <27.3 kg/m”
[in women], <27.5 [in men and women
combined]/=27.8 kg/m2 [in men],
=273 kg/m2 lin women], =27.5 [in
men and women combined]/not avail-
able) (10), validation of PA questionnaire
(no/yes), number of PA categories (=3/
<3 [i.e., dichotomized]), PA type (total
PA/LTPA/walking), PA quantification
(nofyes), methods for ascertainment of
outcome (self-report or questionnaire/
registry/medical record/combined), mean
follow-up duration (=10 years/<10
years), presence of lost to follow-up (no/
yes), and sufficient adjustment for classic
risk factors (no/yes). Meta-regression
analysis was used to test the differences
in RR among strata in the stratified
analysis.

Publication bias was primarily based
on visual assessment using a funnel plot,
where the SE of log RR for the highest
versus the lowest PA category in each
study was plotted against the log RR,
where it was assumed that if there was no
publication bias the plot would be sym-
metrical. Secondarily, goodness of sym-
metry was confirmed by statistical
assessment using two formal methods,
Begg rank correlation test and Egger re-
gression asymmetry test (11,12). For sta-
tistically suspected publication bias, the
trim and fill method was adopted to ad-
just the pooled risk (13). This method in-
cludes assumption of some unpublished
studies that cause the funnel plot to be
asymmetrical, plotting the data points so
that the funnel plot is symmetrical, and
recalculating the pooled risk estimates
based on the hypothesis that studies cor-
responding to these data points actually
had existed.

We added the quantitative assess-
ment of the relationship between PA and
ACM or CVD risk for studies that allowed
qualification of PA, where we assigned
point estimates of PA for each category by
extracting the mean level of daily PA. If
mean data were not provided, we alter-
natively used the midpoint of the upper
and lower boundaries in each category. If
the upper boundary of the highest PA
category or the lowest PA category was
not described, we assumed that the
breadth of PA in these categories was
equal to that of their closest PA category
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