Table 2 | Nutritional intake per day, and percentage of participants who met the nutritional recommendations of the Japan Diabetes Society,
Canadian Diabetes Association and American Diabetes Association

Men Women Age <60 years Age >60 years
(n = 807) (n = 709) (n = 755) (n = 761)
Mean SD Mean SD Mean SD Mean SD
Nutritional intake
Energy
keal 1819 400 1643 405 1760 420 1714 403
Carbohydrate
% Energy 530 6.8 542 6.3 529 6.7 542 6.5
g 2396 554 220.1 485 2309 544 2300 520
Protein
% Energy 15.2 23 16.2 24 156 24 158 24
g 69.7 208 67.2 227 69.0 221 680 214
Fat
% Energy 267 49 287 48 281 51 272 48
g 543 171 532 189 553 185 523 173
SFAs
% Energy 76 17 83 16 80 17 79 16
MUFAs
% Energy 88 20 93 20 93 2.1 88 20
PUFAs
% Energy 64 15 69 15 6.8 16 6.5 15
né
% Energy 52 13 55 14 55 14 52 13
n3
% Energy 15 04 16 04 16 04 16 04
Cholesterol
mg 3169 1169 3069 1181 3131 1165 3113 1186
Ca
mg 6196 2283 6610 2295 6289 2283 6489 2308
Fe
mg 80 25 82 27 31 26 8.1 25
Dietary fiber, total
g 14 53 154 53 14.5 54 149 52
Sodium
g 4.1 15 43 16 41 16 43 15
Recommendation met
Carbohydratet
<55% Energy 61% 55% 61% 55%
55-60% Energy 24% 29% 25% 27%
>60% Energy 15% 17% 13% 18%
Fatt
<25% Energy 38% 21% 27% 33%
SFAsE
<7% Energy 35% 17% 26% 27%
Fiber (total)t
>20g 13% 17% 14% 16%
Sodiumt
<39g¢ 50% 45% 50% 46%
4 Joumnal of Diabetes Investigation Volume ee lssue oo eoe 2013 © 2013 Asian Association for the Study of Diabetes and Wiley Publishing Asia Pty Ltd

381



Table 2 | (Continued)

Sedentary occupation Non-sedentary HbAlc <7% HbA1C >7%
(n = 1,032) occupation (n = 1,266) (n = 250)
(n = 3606)
Mean D Mean SD Mean D Mean SD
Nutritional intake
Energy
keal 1,714 400 1,774 436 1,736 407 1,739 437
Carbohydrate
% Energy 536 65 539 69 534 6.7 546 6.2
g 2277 511 2372 59.1 2295 521 2354 579
Protein
% Energy 157 24 153 24 15.7 24 155 22
g 679 210 686 231 686 217 679 217
Fat
% Energy 277 48 27.1 53 276 50 278 48
g 532 173 539 190 537 179 542 182
SFAs
% Energy 80 16 77 18 79 1.7 82 17
MUFAs
% Energy 90 20 88 21 9.0 2.1 9.1 20
PUFAs
% Energy 6.6 15 6.6 16 6.7 15 6.5 14
né
% Energy 53 13 53 14 54 14 52 12
n3
% Energy 16 04 15 04 16 04 15 04
Cholesterol :
mg 3118 1162 3050 1186 3122 1178 3122 1162
Ca
mg 6374 2225 631.2 2424 637.2 2324 6480 2156
Fe
mg 8.1 24 8.1 27 8.1 26 81 25
Dietary fiber, total
g 147 52 144 55 146 53 15.1 55
Sodium
g 42 15 42 16 4.2 15 42 16
Recommendation met
Carbohydratet
<55% Energy 58% 57% 59% 52%
55-60% Energy 26% 26% 26% 28%
>60% Energy 16% 17% 15% 20%
Fatt
<25% energy 28% 36% 31% 28%
SFAst
<7% Energy 26% 30% 27% 23%
Fiber, totalt
>20 g 16% 12% 15% 17%
Sodiumt
<39¢g 49% 50% 48% 48%
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Table 2 | (Continued)

Diabetes duration Diabetes duration Total
<10 years >10 years (n=1516)
(n = 737) (n =779
Mean D Mean SD Mean SD
Nutritional intake
Energy
keal 1,762 425 1,708 397 1737 412
Carbohydrate
% Energy 533 65 539 6.7 536 66
g 2328 552 2280 510 2305 532
Protein
% Energy 156 24 157 24 157 24
g 69.5 226 67.3 207 685 217
Fat
% Energy 279 49 273 50 276 50
g 55.1 183 524 17.5 538 180
SFAs
% Energy 79 1.7 79 17 79 17
MUFAs
% Energy A 20 89 20 9.0 20
PUFAs
% Energy 6.7 15 65 15 66 15
né
% Energy 54 14 52 13 53 14
n3
% Energy 16 04 15 04 16 04
Cholesterol
mg 3161 1202 3072 1141 3122 1175
Ca
mg 644.5 2388 6323 2202 6390 2297
Fe
mg 83 26 79 25 8.1 26
Dietary fiber Total
g 150 54 144 52 147 53
Sodium
g 43 16 41 15 42 15
Recommendation met
Carbohydratet
<55% Energy 5%% 57% 58%
55-60% Energy 27% 25% 26%
>60% Energy 13% 19% 16%
Fatt
<25% Energy 28% 32% 30%
SFAst
<7% Energy 27% 27% 27%
Fiber, totalt
>20 g 17% 13% 15%
Sodiumt
<39¢g 48% 49% 48%

MUFAs, mono-unsaturated fatty acids; n3, n-3 fatty acids; n6, n-6 fatty acids; PUFAs, poly-unsaturated fatty acids; SD, standard deviation; SFAs,

saturated fatty acids. tCarbohydrate intake, 50-60% of total energy; fat intake, <25% total energy; fiber, >20 g/day; and sodium, <39 g (<10 g as
salt) were recommended by the Japan Diabetes Society'”. $Saturated fat intake should be <7% of total energy as recommended by the Canadian

Diabetes Association'® and the American Diabetes Association.'”
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Table 3 | Intake of selected food groups per day

Men Women Age <60 years Age >60 years
(n = 807) (n = 709) (n = 755) (n =761
Mean SO Mean SD Mean sD Mean SD
Grains (g) 207 58 173 40 194 54 189 52
Potato/aroid (g) 50 40 58 50 50 4 57 49
Soybeans/soy products (g) 68 49 75 54 71 51 72 52
Fruits (g) 121 101 148 108 126 107 140 103
Green-yellow vegetables (g) 130 69 147 66 136 67 140 68
Other vegetables (g) 174 103 200 99 184 100 188 104
Meat (g) 52 37 47 39 54 40 46 36
Fish (@) 103 61 97 59 101 61 100 60
Eggs (@) 30 18 28 16 29 16 29 17
Milk/dairy products (g) 165 109 177 94 168 108 173 97
Sweets/snacks (g) 16 20 20 21 18 21 17 20
Qil (@) 17 9 17 9 18 9 16 8
Alcoholic beverages (g) 155 195 14 48 99 180 80 142
Other beverages () 44 85 28 67 41 84 33 70
Sedentary Non-sedentary HbATC <7% HbAlc >7%
occupation occupation (n = 1266) (n = 250)
(n = 1032 (n = 366)
Mean sSD Mean SD Mean SD Mean SD
Grains (g) 187 50 202 62 197 53 194 54
Potato/aroid (g) 53 42 55 45 53 42 57 58
Soybeans/soy products (g) 70 49 72 57 72 53 67 44
Fruits” (9) 139 105 118 109 132 104 141 112
Green-yellow vegetables (g) 139 68 132 67 137 67 143 70
Other vegetables (g) 188 102 176 100 184 102 195 103
Meat (g) 49 37 48 39 49 38 52 42
Fish (g) 99 60 100 62 102 61 93 58
Eggs (@) 29 17 28 16 29 17 30 16
Milk/dairy products (g) 170 101 169 107 168 102 184 105
Sweets/snacks (g) 18 20 19 22 17 20 20 23
Oil (@) 17 9 17 9 17 9 17 9
Alcoholic beverages (g) 83 160 103 166 9% 169 54 116
Other beverages (g) 35 77 45 83 36 76 41 85
Diabetes duration Diabetes duration Total
<10 years (n = 737) >10 years (n = 779) (n=1516)
Mean SD Mean SD Mean SD
Grains (@) 191 54 192 53 191 53
Potato/aroid (g) 56 45 51 45 54 45
Soybeans/soy products (g) 73 55 69 48 71 52
Fruits (g) 138 116 129 93 133 105
Green-yellow vegetables (g) 141 67 135 69 138 68
Other vegetables (g) 191 100 181 104 186 102
Meat (g) 51 39 48 37 50 38
Fish (@) 102 62 98 58 100 60
Eggs (@) 29 17 29 16 29 17
Milk/dairy products (g) 169 107 172 98 170 103
Sweets/snacks (g) 19 22 17 19 18 21
Oil @ 18 9 16 9 17 9
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Table 3 | (Continued)

Diabetes duration Diabetes duration Total

<10 years (n = 737) >10 years (n = 779) (h=1516)

Mean SO Mean D Mean SD
Alcoholic beverages (g) 91 174 86 147 89 162
Other beverages (g) 38 81 35 73 37 77

HbA1c, glycated hemoglobin; SD, standard deviation.

between Asian and Western people. Further studies are required
to clarify the mechanism of the development of type 2 diabetes
in consideration 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.

The proportions of protein, fat and carbohydrate consumed
by JDCS patients met the major current Western guidelines
(American Association of Clinical Endocrinologists**, European
Association for the Study of Diabetes”, Canadian Diabetes
Association'®), which recommend carbohydrate intake ranging
from 45 to 65%, fat intake <30-35% and protein intake from
10 to 20%. Furthermore, mean carbohydrate intake as a per-
centage of energy intake (53.6%) met the current recommenda-
tions of the JDS (50-60%)"’, and mean fat intake (27.6%) was
2.6% higher than the recommendation (25% or less)"”. There-
fore, it was clarified that Japanese type 2 diabetic patients con-
sumed a ‘low-fat energy-restricted diet, which has been
traditionally recommended in Western countries (generally 25—
35% of energy from fat)'®**%, although the guidelines of the
American Diabetes Association for 2011" stated the possibility
of the effectiveness of both a low-carbohydrate and a low-fat
calorie-restricted diet. These proportions of intake by the JDCS
patients did not differ much according to sex, age, intensity of
physical activity during work, HbA1C level and diabetes dura-
tion. In addition, the proportion of fat consumption by the
JDCS patients met the definition of low fat intake reported in
the recent systematic review by the American Diabetes Associa-
tion, which might improve glycemic control, total cholesterol
and low-density lipoprotein (LDL) cholesterol, but might also
lower high-density lipoprotein (HDL) cholesterol”®. However,
the JDCS patients and Western type 2 diabetic patients had
similar HDL cholesterol levels (1.4 mmol/L and 1.1-1.2 mmol/
L, respectively)>*, which is probably a result of the fact that the
serum level of HDL cholesterol is naturally higher in East
Asians than in Western populations.

The proportions of protein, fat and carbohydrate as percent-
ages of energy supply in the JDCS patients were similar to
those reported in elderly Japanese type 2 diabetic patients (fat/
carbohydrate: 25.6/59.0%)°, the general Japanese population
(25.8/59.3%)*, and a comprehensive picture of the pattern of
the country’s food supply reported in the FAO Balance Sheet
(27.3/59.5%)’. Furthermore, according to the report of the FAO

in 19967, fat and carbohydrate as percentages of energy supply
in the USA, European region, Spain, Korea, and South Africa
were 34.5/53.1%, 33.5/54.4%, 39.5/47.5%, 20.0/68.9%, and 22.0/
67.7%, respectively. Thus, the proportions of protein, fat and
carbohydrate consumed by diabetic patients in each country
were similar to those reported in the FAO Balance Sheet, which
reflects dietary patterns for each country’. As well as in these
countries, it can be estimated that Japanese type 2 diabetes
patients’ ‘low-fat energy-restricted diet’ is deeply ingrained in
the ethnic-specific dietary pattern of Japan.

As a protein source, consumption of fish and soybean prod-
ucts was larger than that of meat and eggs, and this pattern
was similar without regard to sex, age, intensity of physical
activity during work, HbA1C level and diabetes duration. These
results imply that dietary content and food patterns among Jap-
anese patients with type 2 diabetes were quite close to those in
Western countries that have been reported as decreasing the
risk of obesity®®, type 2 diabetes® and mortality as a result of
cardiovascular disease®®, which is known to be higher in Wes-
tern countries than in Japan. Conversely, the American Diabe-
tes Association noted that soy-derived supplements were not
associated with a significant reduction in glycemic measures or
risk factors for cardiovascular disease, and that there is limited
evidence in relation to protein sources™.

Further studies are required to clarify whether glycemic con-
trol and risk of cardiovascular disease are affected by soy con-
sumption and other protein sources over a long time period.

Furthermore, 73% of the JDCS patients met the recommen-
dations for saturated fatty acid (SFA) intake (<7% of energy
intake'®'?), and their mean SFA intake was lower than those of
Western type 2 diabetes participants (7.9% and 11.2-14.5%,
respectively)”™.

Just 15% of the JDCS patients ingested 20 g or more of fiber
per day, and their mean fiber intake (14.7 g/day) was similar to
that of Western type 2 diabetes participants (11.4-20.5 g/day)>”
> and the general Japanese population (15.7 g/day)®. More
fiber consumption is recommended for JDCS patients, because
it was reported that a high intake of dietary fiber improved
fasting plasma glucose and HbAlc values in patients with type
2 diabetes in randomized crossover studies®. Increasing fiber
intake is recommended to keep diabetes under good control.

The JDCS patients consumed excess sodium, and their mean
sodium intake was 4.2 g/day. Thus, their mean sodium
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Table 4 | Summary of literature on dietary composition of diabetic patients including the current Japanese Diabetes Complications Study results

Study name Method for Years carried  Study Type of No. participants Mean age  Energy Carbohydrate  Fat intake BMIt
or author measurement of out population diabetes (No. men) (years)t intake (kcal)t intake % (% energy)t
dietary intake energy)t
Present study (JDCS) FFQg 1996 Japanese Type 2 diabetes 1,516 (805) M: 584 M: 1,819 M: 530 M: 26.7 M: 22.7
W: 590 W: 1,643 W: 542 W: 287 W: 232
EURODIAB IDDM 3-day record NA European IDDM 2,868 (1458) 33 M: 2,202 M: 43 M: 379 M: 26
Complications W: 1,604 W: 419 W: 379 W: 28
Study Group®
7-day food diaries 19931994  Spanish Type 1 diabetes, 144 (70) M: 250 M: 2,217 M: 395 M: 41.5 M: 224
W: 271 W: 1,623 W: 400 W: 405 W: 232
DNCT? Type 2 diabetes 193 (81) M: 62.2 M: 1,788 M: 390 M: 385 M: 258
W: 625 W: 1453 W: 380 W: 360 W: 285
Strong Heart 24-h dietary recall  1997-1999  American Diabetes 1,008 (316) M: 635 M: 1,595 M: 487 M: 353 M: 306
Study (SHS)® Indians W: 635 W: 1422 W: 487 W: 359 W: 328
NHANES® 24-h dietary recall  1999-2000  General US  Diabetes 373 (190) M: 649 M: 1,852 M: 484 M: 347 M: 305
population W: 653 W 1,384 W 498 W: 338 W 328
Diabetic Educational ~ 7-day dietary recall  2005-2006  Clinical trial ~ Type 2 diabetes 40 (19) 535 1,778 36.7 446 358
Fating Plan study® participants <25 5.0%
in USA 25-30 17.5%
White 85%, >30 77.5%
Black 5%,
Asian 5%,
other 5%
Lee et al® 24-h dietary recall ~ 2003-2004  Korean Type 2 diabetes 154 (78) 61 M: 1,788 M: 66.7% M: 163+ M: NA
W: 1,546 W: 684+ W:162% W: NA
Kamada et al® FFQg 2001 Japan Type 2 diabetes 912 417) M: 714 M: 1,802 M: 595 M: 254 M: 235
W: 723 W: 1661 W: 586 W: 258 W: 240
Nthangeni et al®' 24-h dietary recall 1998 South Type 2 diabetes 290 (133) <408 M: 19719 M: 66.7 M: 134 M: =30 15.8%
African W: 11,7129 W: 65.8 W: 144 W: >30 40.8%

BMI, body mass index; DNCT, Diabetes Nutrition and Complications Trial; EURODIAB IDDM, European Diabetes Centers Study of Complications in Patients with Insulin-Dependent Diabe-
tes Mellitus; IDDM, insulin-dependent diabetes mellitus; JDCS, Japan Diabetes Complications Study; M, men; NA, not available; NHANES, National Health and Nutrition Examination Survey;
SHS, Strong Heart Study; W, women. tMaximum value and minimum value are shown if mean value was not available. #Estimated from mean value. §Age range was described because
mean age was not reported. 91 kcal = 4.184 k.




intake was lower than in the general Japanese population
(4.6 g/day)”’, and higher than in the USA and UK general
populations (3.6 and 3.4 g/day, respectively)®’, and a diabetic
population in the USA (2.5-3.4 g/day)®. High sodium intake
directly increases the risk of stroke, and the risk of stroke is
decreased by 6% for each 1.15-g/day reduction in sodium
intake’’. Given a 115 g/day sodium reduction in JDCS
patients, which would result in a sodium intake equal to that
in Western diabetes patients, it could be expected that the
morality risk of stroke in JDCS patients would be reduced from
7.5 per 1,000 patien’c-years3 % to 7.0 per 1,000 patient-years.

The present study had several limitations. First, the survey
data were collected in 1996, 17 years ago. However, according
to results of the National Health and Nutrition Survey® in
1996 and 2006, energy intake was slightly decreased (50—
100 kcal/day) from 1996 to 2006, and the proportions of fat
and carbohydrate did not differ greatly as reported in the FAO
Balance Sheet (in 1996: 27.3/59.5%, 2006: 28.7/58.1%, respec-
tively)7. Additionally, the characteristics of energy intake and
nutritional and food intake by the JDCS patients differed very
little between patients <60 years and those aged 60 years or
over.

Second, inaccuracies in participants’ reported dietary compo-
sition on the self-recording questionnaire are possible. Previous
data show that being a woman, being obese or desiring to
reduce bodyweight are factors related to the likelihood of
underreporting energy intake®. However, the Japanese type 2
diabetic patients had a much lower BMI compared with
Western patients®. An additional limitation is that just 74.5% of
participants completed the FFQg, and their characteristics were
slightly different from those who did not complete the FFQg;
therefore, the differences between those who did and did not
complete the questionnaire could have potentially influenced
the cross-study comparisons of dietary intake. Finally, the
method of dietary assessment for type 2 diabetes patients was
different in each study that we examined. Establishment of a
method that would allow a more direct country-by-country
comparison is required.

In conclusion, we clarified that Japanese with type 2 diabetic
patients had a ‘high-carbohydrate low-fat’ diet in comparison
with Western diabetic patients, but had an energy intake simi-
lar to Western patients with diabetes. Furthermore, the propor-
tions of protein, fat, and carbohydrate consumption and food
intake were also quite close to the food pattern that has been
traditionally recommended in Western countries.

The present study was a descriptive epidemiological examina-
tion to elucidate the actual dietary intake among Japanese mid-
dle-aged patients with type 2 diabetes who participated in a
nationwide cohort study, and to compare findings with those
of Western diabetic patients. Thus, we could not establish a
cause—effect model between the risk of diabetes complications
and the characteristics of food or nutritional intake, although
medical nutritional therapy is an essential constituent for diabe-
tes management.

However, the mean BMI of the JDCS patients was within nor-
mal range, whereas the BMI in the Western diabetic patients was
higher, even though energy intake in both groups was similar.
Additionally, the features of energy intake, and nutritional and
food intake also did not differ greatly among the JDCS patients
regardless of the differences in sex, age, intensity of physical activ-
ity during work, HbA1C level and diabetes duration.

It is possible that the difference in the dietary pattern and
ethnic-specific characteristics, such as those related to body fat,
prominent abdominal obesity and insulin deficiency and resis-
tance, between Asian and Western people would result in dif-
ferent effects from medical nutritional therapy. Considering
ethnic-specific dietary patterns and characteristics is important
to explore effective medical nutritional therapy.

Based on preliminary findings, more research is required to
survey how food and nutritional intakes among Asian type 2
diabetes patients are associated with the risk of development of
diabetic complications, and results should be compared with
those in Western patients.
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OBJECTIVE—Foods rich in fiber, such as vegetables and fruits, prevent cardiovascular disease
(CVD) among healthy adults, but such data in patients with diabetes are sparse. We investigated this
association in a cohort with type 2 diabetes aged 40-70 years whose HbA, . values were = 6.5% in
Japan Diabetes Society values.

RESEARCH DESIGN AND METHODS —In this cohort study, 1,414 patients were an-
alyzed after exclusion of patients with history of CVDs and nonresponders to a dietary survey.
Primary outcomes were times to stroke and coronary heart disease (CHD). Hazard ratios (HRs) of
dietary intake were estimated by Cox regression adjusted for systolic blood pressure, lipids,
energy intake, and other confounders.

RESULTS—Mean daily dietary fiber in quartiles ranged from 8.7 to 21.8 g, and mean energy
intake ranged from 1,442.3 to 2,038.9 kcal. Mean daily intake of vegetables and fruits in quartiles
ranged from 228.7 to 721.4 g. During the follow-up of a median of 8.1 years, 68 strokes and 96
CHDs were observed. HRs for stroke in the fourth quartile vs. the first quartile were 0.39 (95% Cl1
0.12-1.29, P = 0.12) for dietary fiber and 0.35 (0.13-0.96, P = 0.04) for vegetables and fruits.
There were no significant associations with CHD. The HR per 1-g increase was smaller for soluble
dietary fiber (0.48 [95% C10.30-0.79], P < 0.01) than for total (0.82 [0.73-0.93], P << 0.01) and
insoluble (0.79 [0.68-0.93], P < 0.01) dietary fiber.

CONCLUSIONS —Increased dietary fiber, particularly soluble fiber, and vegetables and fruits
were associated with lower incident stroke but not CHD in patients with type 2 diabetes.

Diabetes Care 36:3916-3922, 2013

ype 2 diabetes is a significant cause of
premature mortality and morbidity
related to cardiovascular disease
(CVD), and medical nutritional therapy is
an essential component of diabetes care

aimed toward prevention of CVD. Current
guidelines for diabetes care in many coun-
tries encourage consumption of dietary
fiber, nondigestible carbohydrates, and lig-
nin that are intrinsic and intact in plants,
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setting a variety of goals for daily intake of
total dietary fiber (14 g/1,000 keal in the
S. [1], 40 g in Europe [2], 25-50 g in
Canada [3], and 20-25 g in Japan [4]).
An increase in dietary fiber can reduce
CVD risk through a variety of mechanisms,
such as decreasing total and LDL choles-
terol (5), reducing postprandial glucose
concentration and insulin secretion (6),
lowering blood pressure (7), reducing clot-
ting factors (8), and reducing inflammation
(9). Lipid-lowering effects were attributable
to soluble fiber (5), which reduces absorp-
tion of fat and binds bile acids (10). The
effects of an unfortified high-fiber (50 g per
day) diet on glycemic control and llpldS
were also demonstrated in a randomized
trial in patients with type 2 diabetes (11).
Cohort studies of healthy adults suggest
that foods rich in fiber protect against coro-
nary heart disease (CHD) (12) and stroke
(Supplementary Table 1) (13-19), but data
on patients with type 2 diabetes are sparse
(20-22) despite the integral role of medical
nutritional therapy. All of the earlier studies
in diabetes were conducted in the U.S. and
Europe, and the effects of dietary fiber on
CVD remain unknown for Asian patients,
who account for >60% of the diabetic pop-
ulation worldwide (23). In comparison with
type 2 diabetic patients in Western couniries,
those in East Asian countries, including Ja-
pan, are known to have different features re-
garding cardiovascular complications (24)
including a much lower incidence rate of
CHD than in Western countries (25) and
obesity as a lesser cardiovascular risk factor
(20). Therefore, it is still uncertain whether
dietary recommendations established by the
earlier studies are universally applicable to
patients with type 2 diabetes, particularly to
Japanese patients. This study therefore aimed
to investigate the incidence rates of stroke
and CHD in relation to intake of dietary fiber
in total, soluble form, and insoluble form and
vegetables and fruits in a cohort of Japanese
patients with type 2 diabetes.

RESEARCH DESIGN AND
METHODS —This study is part of the
Japan Diabetes Complications Study
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(JDCS), an open-labeled randomized trial
originally designed to evaluate the effi-
cacy of a long-term therapeutic inter-
vention mainly focused on lifestyle
education. The original primary end
points were CHD, stroke, diabetic reti-
nopathy, and overt nephropathy. The
primary results (26) of the JDCS have pre-
viously been described. Eligibility criteria
were previously diagnosed patients with
type 2 diabetes aged 40-70 years whose
HbA, . levels were =6.5% in Japan Diabe-
tes Society values. From outpatient clinics
in 59 university and general hospitals na-
tionwide that specialize in diabetes care,
2,205 patients were initially registered
from January 1995 to March 1996. Of
the 2,033 patients who met the eligibility
criteria and were randomized, 1,588 pa-
tients responded to the baseline dietary
survey. There was no notable difference
in baseline characteristics between res-
ponders and nonresponders (27). After
exclusion of 174 patients with impaired
glucose tolerance, a history of angina
pectoris, myocardial infarction, stroke,
peripheral artery disease, familial hyper-
cholesterolemia, type I11 hyperlipidemia
(diagnosed by broad B-band on electro-
phoresis), or nephrotic syndrome (urine
protein >3.5 g/day and serum total pro-
tein <6.0 mg/dL) or serum creatinine
levels >1.3 mg/dL (120 wmol/L) at base-
line, 1,414 patients were included in the
current analysis. We analyzed follow-up
data collected until March 2003. The
protocol was approved by the institu-
tional review boards of all of the partici-
pating institutes. We obtained written
informed consent from all patients.

Outcome measures

A fatal or first nonfatal manifestation of
CHD comprised of angina pectoris or
myocardial infarction was diagnosed ac-
cording to criteria defined by the World
Health Organization/Multinational Mon-
itoring of Trends and Determinants in
Cardiovascular Disease (WHO/MONICA)
project, and angina pectoris was de-
fined as typical effort-dependent chest
pain or oppression relieved at rest or by
use of nitroglycerine as validated by an
exercise-positive electrocardiogram or
angiography. A patient with a first per-
cutaneous coronary intervention or cor-
onary artery bypass graft was also counted
as having a CHD event. Diagnosis of
stroke was according to guidelines defined
by the Ministry of Health, Labour and
Welfare of Japan and WHO criteria. Stroke
events were defined as a constellation of

focal or global neurological deficits or
disturbance of cerebral function that was
sudden or rapid in onset and for which
there was no apparent cause other than a
vascular accident such as epilepsy or brain
tumors on the basis of a detailed history,
neurological examination, and ancillary
diagnostic procedures such as computed
tomography, magnetic resonance imag-
ing, cerebral angiography, and lumbar
puncture. Stroke events were classified as
cerebral infarction (including embolus),
intracranial hemorrhage (including sub-
arachnoid hemorrhage), transient ische-
micattack, or stroke of undetermined type
in accordance with WHO criteria. No
cases of asymptomatic lesions detected
by brain imaging (i.e., silent infarction)
were included. Only first-ever CHD or
stroke events during the study period
were counted in the analysis and in a
patient having both CHD and stroke
events, each event was counted sepa-
rately. Information regarding primary
outcome and other clinical variables for
each subject was collected through an
annual report that included detailed find-
ings at the time of the event from each
participating diabetologist who was pro-
viding care to those patients. Adjudica-
tion of CHD and stroke events was by
central committees comprised of experts
who were masked to risk factor status and
was based on additional data such as a
detailed history, sequential changes in
ECG and serum cardiac biomarkers, and
results of coronary angiography or brain
imaging.

Dietary assessment

The Food Frequency Questionnaire
based on food groups (FFQg) (28) was
administered at baseline. In brief, the
FFQg elicited information on the average
intake per week of 29 food groups and 10
kinds of cookery in commonly used units
or portion sizes. The FFQg was externally
validated by comparison with dietary re-
cords for seven continuous days of 66
subjects aged 19-60 years (28). The ratios
of the estimates obtained by the FFQg
against those by the dietary records
ranged from 72 to 121%, and the average
was 104% (1,666 kcal/1,568 keal for total
energy, 10.0 g/9.5 g for total dietary fiber,
51.0 g/48.0 g for green-yellow vegetables,
and 64.8 g/54.7 g for fruits). After patients
completed the questionnaire, the dietitian
reviewed the answers and in the case of
questionable responses interviewed the
patient. We use standardized software
for population-based surveys and nutrition

Tanaka and Associates

counseling in Japan to calculate nutrient
and food intakes (Excel EIYO-KUN, ver-
sion 4.5, developed by Shikoku Univer-
sity Nutrition Database; KENPAKUSHA,
Tokyo, Japan).

Statistical analysis

Hazard ratios (HRs) and 95% Cls for the
incidence of stroke or CHD in relation to
dietary intakes were estimated by Cox
regression with adjustment for age, sex,
BMI, HbA,, diabetes duration, diabetic
retinopathy, treatment by insulin, treat-
ment by oral hypoglycemic agents,
systolic blood pressure (SBP), LDL cho-
lesterol, HDL cholesterol, triglycerides
(log transformed), current smoking,
physical activity, alcohol intake, propor-
tions of total fat, saturated fatty acids, n-6
fatty acids and n-3 fatty acids, cholesterol
intake, and sodium intake as confounders.
In addition to the multivariate adjustment,
we applied the standard multivariate
method for energy adjustment. We per-
formed both quartile and linear Cox re-
gression analyses, and the primary
analysis was conducted using linear re-
gression. Potential nonlinear relationships
between dietary fiber and stroke were ex-
plored by a spline function, a smooth
curve of incidence rate of stroke depend-
ing on dietary fiber. The spline function
and 95% CI were estimated by energy-
adjusted generalized additive models,
and the degree of freedom was determined
by generalized cross-validation. Potential
effect modification by age =60 years, sex,
HbA,. =9%, duration of diabetes =10
years, overweight (BMI =25 kg/m?),
smoking status, hypertension (SBP =130
mmHg, diastolic blood pressure =85
mmHg, or treatment by antihypertensive
agents), and dyslipidemia (LDL choles-
terol =120 mg/dL, HDL cholesterol <40
mg/dL, triglycerides =150 mg/dL, or
treatment by lipid-lowering agents) was
explored by subgroup analysis and Wald
tests for interaction terms using energy-
adjusted Cox regression. All P values are
two-sided, and the significance level is
0.05. All statistical analyses and data man-
agement were conducted at a central data
center using SAS, version 9.2 (SAS Insti-
tute, Cary, NC).

RESULTS —The baseline characteristics
and daily dietary intake of the 1,414
patients according to quartiles of total
dietary fiber are shown in Table 1. Mean
total dietary fiber in quartiles ranged from
8.7 t0 21.8 g. Mean energy intake in quar-
tiles ranged from 1,442.3 to 2,058.9 keal.
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Table 1—Background characteristics and dietary intake for 1,414 patients with type 2 diabetes according to quartiles of total dietary fiber

Quartile 1 Quartile 2

Quartile 3

Quartile 4 Pirend

N
Total dietary fiber (g/day)
Soluble d1etary ﬁber (g/day)

%)

- o

2
srEle
2.1+04

B S

57575 5
e

353 /
= Lo
3.7%03

05265

. <001
- <0.01

. <001

- <0.01

- <0.01

0.03

003

70.1 + 57.0

Dletary cholesterol (mc/day)

260.1 = 99.7

2871 %901

321.4 £105.7

3714+ 1358

Data are means * SD unless otherwise indicated. OHA, oral hypoglycemic agents. *Median = interquartile range. 1One drink is equivalent to 12.6 gethanol based on

the U.S. Department of Agriculture definition.

Intake of total dietary fiber was positively
associated with proportions of protein
and fat intake but not with the proportion
of carbohydrate intake. Patients in higher
quartiles were significantly older and in-
cluded more women and had preferable
lifestyles such as a lower smoking pro-
portion and increased physical activity.
However, there were no significant
trends in blood pressure, lipids, and
medications, and the difference in
HbA,. values was only marginal. Total
dietary fiber was positively associated
with not only intakes of grain, vegetables,
and fruits but also intakes of seafood,
meat, and sodium.

During the follow-up of a median of
8.1 years, the numbers of incident CVD
according to quartiles of total dietary
fiber were 21, 24, 27, and 24 for CHD;
22,15, 13, and 18 for stroke; and 19, 12,
11, and 15 for cerebral infarction, respec-
tively. The 68 stroke events included 58
cerebral infarctions, 5 intracranial hem-
orrhages, 4 transient ischemic attacks,
and 1 stroke of undetermined type in
accordance with WHO criteria. The crude
incidence rates per 1,000 patient-years for
CHD, stroke, and cerebral infarction were
9.70,6.81, and 5.69, respectively, and the
follow-up rate at 8 years was 78%. There
was no notable difference in baseline

characteristics between patients who
completed 8-year follow-up and the other
patients (27).

Tables 2 and 3 show HRs for dietary
fiber, vegetables, and fruits estimated by
Cox regression models unadjusted (top
model), adjusted for risk factors (middle
model), and further adjusted for total en-
ergy intake (bottom model). The energy-
adjusted HRs for stroke in the fourth
quartile compared with the first quartile
were 0.39 (95% C10.12-1.29, P = 0.12)
for total dietary fiber and 0.35 (95% ClI
0.13-0.96, P = 0.04) for vegetables and
fruits (Table 2). There were no significant
decreasing trends between grain intake, a
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Data are means * SD or HR (95% CI); P. HR data for linear analyses are HR per 1-g increase. *The numbers of incident CHD were 21, 24, 27, and 24 in total dietary fiber quartiles; 21, 22, 27, and 26 in soluble dietary
fiber quartiles; 21, 22, 31, and 22 in insoluble dietary fiber quartiles; and 19, 27, 25, and 25 in vegetables and fruits quartiles, respectively. TAdjusted for age, sex, BMI, HbA,, diabetes duration, diabetic retinopathy,

treatment by insulin, treatment by oral hypoglycemic agents, SBP, LDL cholesterol, HDL cholesterol, triglycerides, current smoker, physical activity, alcohol intake, and proportions of total fat, saturated fatty acid, n-6

fatty acid and n-3 fatty acid, dietary cholesterol, and sodium intake. $Further adjusted for total energy intake.

(Supplementary Table 1). The “metaboli-
cally obese” phenotype (20) characterized
by normal body weight with increased
abdominal adiposity was also common
(Table 1). Furthermore, most patients typ-
ically had a “low-fat energy-restricted
diet,” i.e., the proportions of protein, fat,
and carbohydrate consumption met the
Western guidelines (1-3), which recom-
mended carbohydrate intake ranging from
45 to 65%, fat intake <<30-35%, and pro-
tein intake from 10 to 20%. On the other
hand, despite the possible difference in di-
etary habits, the distribution of dietary fi-
ber intake substantially overlaps with
those in populations of healthy adults ex-
cept for cohorts in Finland and Sweden
(Supplementary Table 1). The current
goals for daily intake of total dietary fiber
in guidelines are similar between Japan
(20-25 g [4]) and the U.S. (14 g/1,000
keal [1]). We observed a lower incidence
of stroke around intake of 20-25 g
(Fig. 1), supporting these dietary goals.
Achieving such intake would be realistic
given the national average in Japanese
adults, ie., 14.6 g (29).

The estimated risk reduction by di-
etary fiber in this cohort was seemingly
stronger than those in the earlier cohort
studies (Supplementary Table 1). The
HRs of the fifth quintile of total dietary
fiber compared with the first quintile
ranged from 0.64 (95% CI 0.46-0.88)
to 1.05 (0.73-1.51), showing moderate
heterogeneity across studies. Data on the
effects of dietary fiber in diabetic patients
are limited (20-22). The Nurses’ Health
Study reported that whole-grain and bran
intakes were associated with reduced all-
cause and cardiovascular mortality
among U.S. women with type 2 diabetes
(20). Inverse associations with all-cause
and cardiovascular mortality were also
observed in a study of self-reported diabe-
tes nested within the European Prospective
Investigation into Cancer and Nutrition
(EPIC) study (21). The EURODIAB Pro-
spective Complications Study reported
that higher dietary fiber consumption,
especially that of soluble fiber, was asso-
ciated with CVD in type 1 diabetic pa-
tients (22). Taken together, high intake
of dietary fiber would reduce the inci-
dence of stroke not only in healthy
adults but also in patients with type 2
diabetes. However, it is unclear whether
dietary fiber is more beneficial for dia-
betic patients.

The precise mechanisms for our find-
ings cannot be clarified merely from
epidemiological studies, but it is important
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Total dietary fiber (g per day)

Figure 1—Incidence rate (solid curve) and
95% CI (broken curve) of stroke in relation to
total dietary fiber intake estimated by the
generalized additive model.

to note that the energy-adjusted HR was
smaller for soluble dietary fiber (0.48/g)
than for total (0.82/g) and insoluble
(0.79/g) dietary fiber. Soluble fiber is mainly
derived from fruits, vegetables, and le-
gumes in typical Japanese diets. This type
of fiber specifically decreases LDL choles-
terol by —2.2 mg/dL per 1 g (5) and SBP
by —1.32 mmHg (7) if given as supple-
ments. Furthermore, lipids and blood
pressure are the leading risk factors for
CHD and stroke in Japanese patients, re-
spectively (24). Our observations there-
fore support the hypothesis that the
effects of dietary fiber on some types of
stroke are mediated by lipids and blood
pressure, but given that the degree of im-
provement in LDL cholesterol and SBP by
dietary fiber is small, the entire risk reduc-
tion for stroke does not seem to be attrib-
utable to merely the effect on lipids and
blood pressure. Other possibilities include
reducing postprandial glucose concentra-
tion and insulin secretion (6), reducing
clotting factors (8), and decreasing inflam-
mation (9). These protective factors
against CVD are biologically interrelated,
so it may be possible that synergism
among them results in the 60% risk reduc-
tion of stroke.

Another important finding of this
study was that only stroke but not CHD
was significantly reduced by dietary fiber.
The Japan Public Health Center Study
(18) also reported a significant associa-
tion for only stroke, while dietary fiber
was correlated with only CHD—not
stroke—in the Japan Collaborative Cohort
Study (17) (Supplementary Table 1).

However, these three cohorts in Japan
consistently reported HRs for CHD
of <1 in higher quartiles of dietary
fiber, showing weak decreasing trends
in CHD (though statistically nonsignifi-
cant). Furthermore, our post hoc power
calculation suggested that the power of
our study may not be sufficient. For ex-
ample, the observed HR for CHD be-
tween the first and fourth quartiles was
0.62, and P = 0.36 (Table 3), but the
power to detect a true HR of 0.62 was
only 11%, given the 45 CHD incidents
in the first and fourth quartiles. There-
fore, it is possible that the association be-
tween CHD and dietary fiber would
become significant by conducting pooled
analysis of cohorts.

To the best of our knowledge, this is
the first study on dietary fiber and CVD in
which patients with type 2 diabetes are
prospectively registered based on their
HbA,. levels—not retrospectively se-
lected based on self-reported diabetes
status. Other strengths include treat-
ment and follow-up plans that were con-
ducted in institutes specializing in
diabetes care and adjudication of cardio-
vascular events by an independent cen-
tral committee. Our study has several
limitations. First, the potential for bias,
such as measurement errors in dietary
assessments, confounding factors, and
informative censoring, cannot be ruled out
entirely. However, we found no notable dif-
ference in baseline characteristics between
patients who completed 8-year follow-up
and the other patients (27). Second, in
an observational study rather than a ran-
domized trial, it is impossible to conclude
whether medical nutritional treatment
encouraging dietary fiber or intake of veg-
etables and fruits would reduce incident
stroke in clinical practice. The apparent
preferable effects of dietary fiber might
be due to a generally healthy lifestyle
among high dietary fiber consumers.
This possibility cannot be not entirely ex-
cluded; patients in higher quartiles of di-
etary fiber had a relatively low smoking
rate and high level of physical activity,
although they had adverse dietary behav-
iors such as increased intake of energy,
saturated fatty acid, cholesterol, and so-
dium. Furthermore, it is difficult, al-
though not impossible under strong
assumptions for mediation analysis, to
separate the effects specific to dietary fiber
and the generic effect mediated by the
quantity of energy consumed in this ob-
servational study. Finally, our results may
not be generally applicable to populations
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with different lifestyle or genetic factors.
For example, BMI and body weight are
markedly different between patients in
Japan and Western countries (30). Our
systematic review found that earlier stud-
ies were conducted in U.S., Europe, and
Japan and that the findings were moder-
ately heterogeneous. Furthermore, a co-
hort study suggests that dietary fiber
intake may modify the association be-
tween TCF7L2 rs7903146 and the inci-
dence of type 2 diabetes, leading to
preventive effects of dietary fiber from
type 2 diabetes only among non-risk al-
lele carriers (31). The contribution of
such ethnic and genetic differences re-
mains uncertain and is worthy of further
research. These limitations notwithstand-
ing, we conclude that high intakes of di-
etary fiber, particularly soluble fiber, and
vegetables and fruits reduce incident
stroke but not CHD in patients with
type 2 diabetes.
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ORIGINAL ARTICLE

Fruit Intake and Incident Diabetic Retinopathy with
Type 2 Diabetes

Shiro Tanaka,?* Yukio Yoshimura,® Ryo Kawasaki,® Chiemi Kamada,® Sachiko Tanaka,® Chika Horikawa,®
Yasuo Ohashi,® Atsushi Avaki,® Hideki Ito,® Yasuo Akanuma,® Nobuhiro Yamada,® Hidetoshi Yamashita,© and
Hirohito Sone,® for the Japan Diabetes Complications Study Group

Background: Antioxidants and dietary fiber are postulated to have
preventive effects on diabetic retinopathy, but evidence is lacking.
We investigated this association in a cohort with type 2 diabetes 40—
70 years of age with hemoglobin (Hb)A, . 26.5%, originally part of
the Japan Diabetes Complications Study.

Methods: After excluding people who did not respond to a dietary
survey and patients with diabetic retinopathy or a major ocular dis-
ease at baseline, we analyzed 978 patients. Baseline dietary intake
was assessed by a food frequency questionnaire based on food
groups and 24-hour dietary records. Primary outcome was incident
diabetic retinopathy determined using international severity scales.
Results: Mean fruit intake in quartiles ranged from 23 to 253 g/day,
with increasing trends across quartiles of fruit intake for vitamin
C, vitamin E, carotene, retinol equivalent, dietary fiber, potassium,
and sodium. Mean energy intake ranged from 1644 to 1863 kcal/
day, and fat intake was approximately 25%. HbA ., body mass index,
triglycerides, and systolic blood pressure were well controlled. Dur-
ing the 8-year follow-up, the numbers of incident cases of diabetic
retinopathy from the first through the fourth quartiles of fruit intake
were 83, 74, 69, and 59. Multivariate-adjusted hazard ratios for the
second, third, and fourth quartiles of fruit intake compared with the
first quartile were 0.66 (95% confidence interval = 0.46-0.92), 0.59
(0.41-0.85), and 0.48 (0.32-0.71) (test for trend, P < 0.01). There
was no substantial effect modification by age, sex, HbA ., diabetes
duration, overweight, smoking, and hypertension. Risk for diabetic
retinopathy declined with increased intake of fruits and vegetables,
vitamin C, and carotene.
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Conclusion: Increased fruit intake in ranges commonly consumed
was associated with reduced incident diabetic retinopathy among
patients adhering to a low-fat energy-restricted diet.

(Epidemiology 2013;24: 204-211)

Diabetic retinopathy accounts for 5% of blindness in the
world and 15-17% of blindness in developed countries.!
Strict glycemic and blood pressure control reduces the inci-
dence and progression of diabetic retinopathy, and the impor-
tance of lipid control is emerging, although the possible value
of other treatments remains unclear.? In the management of
diabetic patients, a diet rich in fruit is encouraged by guide-
lines in the United States,>> Europe,® and Canada,” mainly
based on its benefits for the prevention of hypertension and
cardiovascular disease.®'° However, the direct effects of a
high-fruit diet on diabetic retinopathy are not well understood.
In contrast, guidelines of the Japan Diabetes Society (JDS)
recommend fruit intake of only up to one unit.!!

Several studies have examined nutrients that are
abundant in fruits, such as vitamins C and E, carotene, and
dietary fiber.'>"1> The pathogenesis of diabetic retinopathy
is closely linked to oxidative stress and the antioxidants
mentioned above are potential agents for preventing diabetic
retinopathy.!® The associations between antioxidants and
diabetic retinopathy have been examined only cross-sectionally
and remain unclear,'? but some antioxidants have been shown
to reduce risk of age-related macular degeneration.!” Fruits
are low-glycemic-index foods rich in dietary fiber'® that can
slow glucose response, and a few studies have reported an
inverse association between increased intake of dietary fiber
and prevalence of diabetic retinopathy.'>'> These lines of
evidence prompted us to investigate the association between
intake of fruits and related nutrients and incident diabetic
retinopathy in a cohort of patients with type 2 diabetes.

METHODS

Study Cohort

This study is part of the Japan Diabetes Complications
Study, an open-labeled randomized trial originally designed to
evaluate the efficacy of a long-term therapeutic intervention

Epidemiology ® Volume 24, Number 2, March 2013



Epidemiology ® Volume 24, Number 2, March 2013

Fruits and Diabetic Retinopathy

focused on lifestyle education. The primary results of the
clinical trial have been described elsewhere.!® Incidence rates
of diabetic retinopathy were similar for the conventional treat-
ment group and the intervention group (36/1,000 and 39/1,000
patient-years, respectively); therefore, we combined data from
both randomized groups for this study. Eligibility criteria were
previously diagnosed patients with type 2 diabetes 40-70
years of age whose hemoglobin (Hb)A . levels were 26.5%.
From outpatient clinics in 59 university and general hospitals
nationwide that specialize in diabetes care, 2205 patients were
initially registered from January 1995 to March 1996. Of 2033
patients who met the eligibility criteria and were randomized,
1588 patients responded to the baseline dietary survey. There
was no notable difference in baseline characteristics between
responders and nonresponders. After excluding 610 patients
who had diabetic retinopathy or a major ocular disease (eg,
glaucoma, dense cataract, or history of cataract surgery) at
baseline, 978 patients were included in the current analysis.
We analyzed follow-up data until March 2003. The protocol
was approved by the institutional review boards of all the par-
ticipating institutes. We obtained written informed consent
from all patients.

Laboratory Measurements

Patients were assessed yearly after the baseline evalu-
ation. Mean values of at least two measurements each year
were obtained for HbA ., fasting plasma glucose, and fast-
ing serum lipids. HbA . assays were performed according to
procedures outlined by the Laboratory Test Committee of the
JDS. These values can be converted by the formula: HbA .
(JDS) (%) = 0.98 x HbA,. (National Glycohemoglobin
Standardization Program) (%) + 0.25%. All other laboratory
measurements were performed at the participating institutes.
Serum low-density lipoprotein (LDL)-cholesterol was calcu-
lated using Friedewald’s equation except where triglycerides
exceeded 400 mg/dl, in which case LDL-cholesterol data were
treated as missing.

Assessment of Diabetic Retinopathy

Presence and severity of diabetic retinopathy were deter-
mined annually by qualified ophthalmologists at each institute
using the international diabetic retinopathy and diabetic mac-
ular edema disease scales with minor modification.? Severity
of diabetic retinopathy was categorized as “none,” “mild non-
proliferative,” “moderate nonproliferative,” “severe nonpro-
liferative,” and “proliferative.” We collected both paper-based
clinical assessment forms and retinal images, but only 70% of
the images were suitable for assessment. We therefore adopted
clinical assessments to determine incident diabetic retinopa-
thy, which would improve statistical power. We also evaluated
the agreement in staging between local ophthalmologists and
retinal specialists; the kappa statistic for agreement of severity
was 0.59 (95% confidence interval [CI] = 0.54-0.65). History
of ocular surgery was also surveyed.

© 2013 Lippincott Williams & Wilkins

Dietary Assessment

A food frequency questionnaire (FFQ) based on food
groups?! was administered at baseline, and information for the
24-hour dietary record was also collected at baseline. In brief,
the FFQ elicited information on the average intake per week
of 29 food groups and 10 kinds of cookery, in commonly used
units or portion sizes. After the patients completed the ques-
tionnaire or dietary records, a dietician reviewed the answers
and in the case of questionable responses interviewed the
patient. We used standardized software for population-based
surveys and nutrition counseling in Japan (Excel EIYO-KUN
version 4.5, developed by the Shikoku University Nutrition
Database; KENPAKUSHA, Tokyo, Japan) based on the Stan-
dard Tables of Food Composition in Japan®? edited by the
Japanese Ministry of Education, Culture, Sports, Science and
Technology to calculate nutrient and food intakes from both
the FFQ and 24-hour dietary records.

To confirm the robustness against measurement errors,
we estimated fruit and nutritional intakes by the averages of
the FFQ and 24-hour dietary records, which may reduce atten-
uation bias due to measurement error. Mean intakes correla-
tions were as follows: 130.6 g/day from the FFQ and 125.4 g/
day from the average (» = 0.80) for fruit; 1749.0 and 1733
kcal/day (r = 0.84) for energy; 133 and 123 mg/day (r = 0.79)
for vitamin C; 9.1 and 8.7mg/day (» = 0.76) for vitamin E;
6475 and 5480 pg/day (r = 0.79) for carotene; 1304 and 1150
ng/day (» = 0.77) for retinol equivalent; 14.8 and 14.7 g/day
(r = 0.83) for dietary fiber; and 2775 and 2825 mg/day (r =
0.82) for potassium. The FFQ was also externally validated by
comparison with dietary records for seven continuous days of
66 subjects 19—60 years of age.?! The ratios of the estimates
obtained by the FFQ against those by the dietary records
ranged from 72 to 121%; the average was 104%.

Statistical Analysis

The primary outcome was time from registration to inci-
dence of diabetic retinopathy. Incidence was defined as hav-
ing no signs of diabetic retinopathy in either eye at baseline
but subsequently having any of the following conditions in
either eye at two consecutive follow-up years: mild to severe
nonproliferative diabetic retinopathy, proliferative diabetic
retinopathy, or laser photocoagulation treatment for diabetic
retinopathy. Date of incident retinopathy was determined by
the date of the ophthalmoscopic examination or laser pho-
tocoagulation treatment. Intraocular or cataract surgery was
censored at the date of surgery.

Probability of incident diabetic retinopathy during 8
years was estimated by the Kaplan-Meier method. We estimated
hazard ratios (HRs) of incident diabetic retinopathy in relation
to quartiles of dietary intake by Cox regression with the
standard multivariate method for energy adjustment,? adjusted
for the following variables: age, sex, body mass index (BMI),
HbA, ., duration of diabetes, treatment by insulin, treatment
by oral hypoglycemic agents without insulin, systolic blood
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pressure (SBP), LDL-cholesterol, high-density lipoprotein
(HDL)-cholesterol, triglycerides (log-transformed), current
smoker, alcohol intake, physical activity, total energy intake,
proportions of dietary protein, fat, carbohydrate, saturated fatty
acids, n-6 polyunsaturated fatty acids and n-3 polyunsaturated
fatty acids, cholesterol, and sodium. A trend across quartiles
was examined by a trend test using multivariate Cox regression
with scores from 1 to 4 for quartiles. By means of subgroup
analysis and interaction tests using energy-adjusted Cox
regression, we explored potential effect modification by
age 260 years, sex, HbA . 29%, diabetes duration =10
years, overweight (BMI >25kg/m?), smoking status, and
hypertension (SBP 2140 mmHg, diastolic blood pressure =90

mmHg, or treatment by antihypertensive agents). Gradients per
year for HbA, ., BMI, triglycerides, and SBP were estimated
using linear mixed models. All statistical analyses and data
management were conducted at a central data center using
SAS version 9-2 (SAS Institute Inc., Cary, NC).

RESULTS
Table 1 describes the baseline characteristics and
dietary intake of the 978 patients according to quartiles of
fruit intake. Mean fruit intake in the quartiles ranged from
23 to 253 g/day. Mean energy intake in the quartiles ranged
from 1640 to 1860 kcal/day, and fat intake was approximately
25%. The increasing trend in energy intake is attributable to

TABLE 1. Baseline Characteristics and Nutritional Intake? of the 978 Patients with Type 2 Diabetes According to Quartiles of
Fruit Intake
Q1 (<53.6 g/day) Q2 (53.7-114.1g/day) Q3 (114.2-173.2g/day) Q4 (>173.3 g/day)
(n=239) (n=250) (n =243) (n = 246)
Test for
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Trend
Fruits (g/day) 22.6(15.8) 82.9 (17.6) 140.9 (17.3) 253.0 (82.0) P<0.01
Baseline characteristics
Age (years) 56.8 (7.3) 58.3(7.0) 59.4(6.3) 58.9 (6.5) P<0.01
Women (%) 33 52 51 ) 53 P<0.01
HbA . (%) 7.7(1.2) 7.9(1.3) 79(1.4) 7.8 (1.5) P=042
Years after diagnosis (years) 9.3 (6.3) 10.4 (7.4) 10.3 (6.9) 9.7 (6.8) P=053
Treated by insulin (%) 13 13 18 15 P=022
Treated by oral hypoglycemic 64 66 59 65 P=0.79
agents without insulin (%)
BMI (kg/m?) 23.2(3.0) 23.0 (3.0) 229(3.2) 22.9(2.9) P=0.17
Systolic BP (mmHg) 1324 (16.1) 1303 (16.5) 131.7 (15.9) 128.8 (14.6) P=0.04
LDL-cholesterol (mg/dl) 123.7 (33.3) 124.6 (36.0) 123.3 (31.4) 121.9 (28.3) P=0.46
HDL-cholesterol (mg/dI) 53.8(18.2) 53.6 (15.6) 55.2(17.3) 54.0 (15.9) P=0.63
Triglycerides (mg/d1)® 102.5 (72.0-145.5) 105.0 (71.0-147.0) 98.0 (75.0-135.5) 102.5 (74.0-156.0) P=10.66
Current smoker (%) 46 27 25 22 P<0.01
Alcohol intake (g/day)® 21.5 (0.0-200.0) 4.0 (0.0-85.7) 3.0 (0.0-48.2) 1.3 (0.0-32.2) P<0.01
Physical activity (kJ/day)® 575.7(128.2-1073.9)  605.7 (173.0-1,158.3) 692.7 (243.0-1,388.9) 734.9 (223.7-1,628.0) P =0.02
Nutritional intake

Energy intake (kcal/day) 1,644 (370) 1,693 (346) 1,732 (316) 1,864 (373) P<0.01
Protein (% energy) 16.5(2.4) 16.5 (2.3) 169 (2.2) 16.8(2.2) P=003
Fat (% energy) 25.9 (4.9) 25.4 (4.4) 25.6 (4.6) 25.2 (4.5) P=022
Carbohydrate (% energy) 52.5 (6.4) 55.0 (5.7) 55.2(5.7) 56.2 (6.0) P<0.01
Vitamin C (mg/day) 86.2 (44.9) 111.6 (37.8) 129.1 (40.1) 165.5 (48.3) P<0.01
Vitamin E (mg/day) 7.8(2.7) 8.4(2.3) 8.7(2.3) 9.8 (2.5) P<0.01
Carotene (ug/day) 4,127 (2,243) 5,379 (2,621) 5,763 (2,321) 6,616 (2,719) P<0.01
Retinol equivalent (pg/day) 911 (473) 1,119 (524) 1,202 (499) 1,362 (549) P<0.01
Dietary fiber (g/day) 11.8 (4.0) 14.0 (4.2) 15.4 (4.1) 17.5(4.5) P<0.01
Potassium (mg/day) 2,371 (750) 2,692 (672) 2,973 (706) 3,253 (742) P<0.01
Sodium (g/day) 39(1.1) 42(1.2) 43(1.2) 4.6(1.2) P<0.01
Grains (g/day) 201.9 (56.9) 206.8 (58.7) 204.3 (52.2) 208.7 (56.6) P=027
Vegetables (g/day) 266.3 (129.9) 315.2 (143.7) 338.3 (139.8) 362.8 (143.1) P<0.01
Seafood (g/day) 93.9 (54.0) 94.4 (43.7) 98.5 (52.8) 112.5(57.8) P<0.01

*Mean (SD) unless otherwise indicated.
"Median (25th percentile~75th percentile).
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Time from registration (year)

calories from fruits, vegetables, and seafood (given that fruit
intake was positively correlated with intakes of carbohydrate,
vegetables, and seafood), but not grains. Patients in higher
quartiles were older, with lower SBP and preferable lifestyles
such as a lower smoking rate and increased physical activity.
As expected, increase in fruit intake was positively associated
with higher intake of total energy, vitamin C, vitamin E, caro-
tene, retinol equivalent, dietary fiber, potassium, and sodium.

Figure 1 shows longitudinal trends for mean HbA .,
mean BMI, median triglycerides, and mean SBP over 8
years. Overall, these parameters were well controlled. Gradi-
ents per year according to the quartiles of fruit intake (Q1 to
Q4, respectively) were 0.018, —0.032, —0.049, and 0.001 for
HbA . (test for a trend across quartiles, P = 0.25); —0.006,
—0.035, —0.006, and —0.038 for BMI (P = 0.13); 0.667,
=2.200, —0.479, and —0.509 for triglycerides (P = 0.58); and
0.256, 0.248, 0.290, and 0.550 for SBP (P = 0.09).

During the follow-up of a median of 8§ years, 6707 per-
son-years were studied and 285 incidents of diabetic retinop-
athy were observed. The follow-up rate at 8 years was 79%.
Incidence of diabetic retinopathy according to the quartiles
of fruit intake was 83 (Q1), 74, 69, and 59 (Q4). The overall
annual incidence rate of diabetic retinopathy was 0.0425 (95%
CI = 0.0378-0.0477). Figure 2 shows Kaplan-Meier curves
for incident diabetic retinopathy according to quartiles. In
confounder- and nutrient-adjusted Cox regression, fruit intake
was inversely associated with incident diabetic retinopathy
(Table 2). The nutrient-adjusted HR between the fourth and
first quartiles was 0.48 (95% CI = 0.32-0.71; test for trend, P
< 0.01). Other important variables in this model were HbA, .
(HR per 1% increment = 1.30 [95% CI=1.20-1.41], P < 0.01),

© 2013 Lippincott Williams & Wilkins

Time from registration (year)

to quartiles of fruit intake.

diabetes duration (HR per 1 year = 1.04 [1.02-1.06], P <0.01),
BMI (HR per 1kg/m? = 1.05 [1.00-1.09], P = 0.05), insulin
(1.68 [1.13-2.49], P < 0.01), and oral hypoglycemic agents
(1.521.10-2.11], P=10.01). These trends remained if we alter-
natively used fruit intake estimated by the FFQ (Table 2).

0.5 - — Q1 —Q2

...... Q3 _—Q4

04 -

03 -

0.2 -

0.1 -

Probability of incident retinopathy

0 - ; : - T T 7 1
0 12 3 4 5 6 71 8
Time from registration (year)
Ql 239 235 203 188 178 170 162 157 79
Q2 250 246 224 208 198 192 185 176 77
Q3 243 235 215 198 193 186 181 178 96
Q4 246 239 228 220 209 199 190 187 97

FIGURE 2. Kaplan-Meier curves of incident diabetic retinopa-
thy according to quartiles of fruit intake.
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TABLE 2. Cox Regression Analysis of Incident Diabetic Retinopathy and Quartiles of Fruit Intake and of Fruit and Vegetable

Intake
Q1= Q2 Q3 Q4 Test for Trend
HR HR (95% CI) HR (95% CI) HR (95% CI)
Fruit intake
Median intake (min—max) (g/day): 21.5(0-53.2) 82.2 (53.6-114.0) 138.5 (114.3-172.9) 225.4 (173.2-657.5)
No. events/no. person-years: 83/1,552.5 74/1,711.1 69/1,674.5 59/1,768.7
FFQ
Adjusted for risk factors® 1.00 1.06 (0.77-1.48) 0.84 (0.60-1.18) 0.61 (0.42-0.89) P <001
Further adjusted for nutrients® 1.00 1.05 (0.74-1.48) 0.83 (0.57-1.22) 0.63 (0.41-0.97) P=0.02
FFQ and 24-hour dietary recall
Adjusted for risk factors®¢ 1.00 0.68 (0.49-0.94) 0.64 (0.46-0.90) 0.50 (0.35-0.72) P<0.01
Further adjusted for nutrients>¢ 1.00 0.66 (0.46-0.92) 0.59 (0.41-0.85) 0.48 (0.32-0.71) P <0.01
Fruit and vegetable intake
Median intake (min—max) (g/day): 232.6 (38.5-310.7) 378.0 (310.7-428.2) 485.5 (428.6-561.5) 670.7 (561.8-1,269.0)
No. events/no. person-years: 75/1,642.0 80/1,618.1 67/1,703.0 63/1,743.7
FFQ
Adjusted for risk factors® 1.00 1.11 (0.80-1.55) 0.97 (0.69-1.37) 0.72 (0.49-1.04) P=10.06
Further adjusted for nutrients® 1.00 1.02 (0.72-1.45) 0.92 (0.61-1.37) 0.66 (0.40-1.10) P=0.12
FFQ and 24-hour dietary recall
Adjusted for risk factors®d 1.00 0.98 (0.70-1.36) 0.76 (0.53-1.07) 0.68 (0.47-0.98) P=0.02
Further adjusted for nutrients®¢ 1.00 0.89 (0.63-1.25) 0.67 (0.46-0.98) 0.59 (0.37-0.92) P=0.01

#Reference category.

®Adjusted for age, sex, body mass index, HbA ., diabetes duration, treatment by insulin or oral hypoglycemic agents, systolic blood pressure, LDL-cholesterol, HDL-cholesterol,
triglycerides, current smoker, alcohol intake, and physical activity.
Further adjusted for total energy intake, proportions of carbohydrate, saturated fatty acids, n-6 polyunsaturated fatty acids and n-3 polyunsaturated fatty acids, cholesterol, and

sodium.

dDietary intakes were estimated by the average of FFQ and 24-hour diabetic retinopathy.

If we alternatively used fruit and vegetable intake, the
associations were weakened and remained significant only
in the analysis of averages of the FFQ and 24-hour dietary
records (Table 2). If we treated incident diabetic retinopathy
in the first 2 years as censored, nutrient-adjusted HRs of quar-
tiles of fruit intake were 0.69 (0.44-1.07), 0.58 (0.36-0.92),
and 0.46 (0.28-0.76), respectively, for Q2, Q3, and Q4 com-
pared with Q1 (test trend for P <0.01). Figure 3 shows results
of subgroup analysis according to risk factors for diabetic
retinopathy.

Table 3 shows incidence of diabetic retinopathy in rela-
tion to quartiles of antioxidants, dietary fiber, and potassium.
Decreasing trends were observed for vitamin C and carotene.
Nutrient-adjusted HRs between the fourth and first quartiles
were 0.61 (95% CI = 0.39-0.96) for vitamin C, 0.84 (0.51—
1.40) for vitamin E, 0.52 (0.33-0.81) for carotene, 0.68 (0.44—
1.05) for retinol equivalent, 0.63 (0.38-1.03) for dietary fiber,
and 0.82 (0.49-1.38) for potassium.

DISCUSSION
Medical nutritional treatment is essential in second-
ary prevention of diabetes complications, but the preventive
effect of nutrition on diabetic retinopathy is generally not well
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Interaction test
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FIGURE 3. Subgroup analysis of the effect of fruit intake on
incident diabetic retinopathy according to risk factors for dia-
betic retinopathy. The preventive effect of fruit intake was not
modified by age (test for interaction, P = 0.56), sex (P = 0.60),
HbA,. (P = 0.18), diabetes duration (P = 0.84), overweight
(P=0.40), smoking status (P =0.16), or hypertension (P=0.10).
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