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Table 2. Hazard Ratios for the Risk of Diabetes According to Tertile of Branched-chain Amino Acid Intake® Among Men and Women, Takayama Study, Japan, 1992-2002

BCAA and Tertile - Men — Women
s el s Judl w swo v o w bud ghe. oW o e e
Total BCAAs
1 16.74 106 1,962 1.00 1.00 16.86 64 2,547 1.00 1.00
2 17.22 76 1,962 0.71 053,096 075 0.55,1.03 17.31 58 2,547 087 061,124 075 051,110
3 17.69 84 1,961 0.77 0.58,1.04 078 0.54,1.13 17.76 50 2,546 0.71 049,103 057 0.36,0.90
P-trend 0.07 0.17 0.07 0.02
Leucine
1 7.56 1086 1,962 1.00 1.00 7.60 65 2,547 1.00 1.00
2 7.77 82 1,962 0.77 0.58,1.03 079 0.58,1.09 7.80 56 2,547 0.84 0.59,1.20 075 0.51,1.10
3 7.98 78 1,961 0.71 053,096 070 0.48,1.02 7.99 51 2,546 0.72 0.50,1.04 062 0.39,0.97
P-trend 0.02 0.06 0.08 0.04
Isoleucine
1 417 N 1,962 1.00 1.00 4.21 55 2,547 1.00 1.00
2 4.31 86 1,962 0.94 070,127 0.94 0.68,1.30 4.33 54 2,547 0.93 0.64,1.36 078 0.51,1.17
3 4.44 89 1,961 0.98 0.72,1.31 0.93 0.63,1.39 4.59 63 2,546 1.05 0.73,151 077 046,125
P-trend 0.87 0.73 0.78 0.31
Valine
1 5.00 108 1,962 1.00 1.00 5.03 65 2,547 1.00 1.00
2 5.15 74 1,962 0.68 051,092 075 0.54,1.03 5.18 62 2,547 0.90 064,128 087 058,125
3 5.30 84 1,961 076 0.57,1.01 0.87 0.58,1.24 5.33 45 2,546 062 042,991 061 0.39,094
Prend 0.05 0.42 0.01 0.03

Abbreviations: BCAA, branched-chain amino acid; Cl, confidence interval; HR, hazard ratio.
2 Total branched-chain amino acid intake {(sum of leucine, isoleucine, and valine intakes) is expressed as a percentage of total protein intake.
b Adjusted for age.

¢ Additionally adjusted for years of education, body mass index, physical activity, smoking status, history of hypertension, glycemic load, menopausal status (women only), and intakes of

total energy, total protein, saturated fat, dietary fiber, alcohol, and coffee.

10T “p K312 U0 ALISYIAINS NAID I8 F10sjeuanolpioyxosafeyz:diy woy papeojumoq

— 437 —

‘leje elebeN 0€zl



Branched-chain Amino Acids and Diabetes 1231

plasma BCAA levels in obese or diabetic subjects are caused,
in part, by reduced BCAA catabolism (29). Although stimu-
lation of insulin secretion by BCAA is expected to prevent
hyperglycemia, this process might not sufficiently compen-
sate for impaired insulin secretion. In this context, it is possi-
ble that BCAAs play different roles in glucose metabolism
among persons with insulin-resistant and non-insulin-
resistant conditions. We did not include the measurement of
blood glucose or insulin level. However, body mass index,
which is generally correlated with insulin resistance, did not
greatly modify the association between dietary BCAA intake
and the risk of diabetes. Although it is not known whether cir-
culating BCAAs are causes/mediators of insulin resistance or
by-products of the associated metabolic dysfunction, the
present study highlights the need for researchers to consider
dietary intake of BCAAs.

Among the individual BCA As, leucine shows great potency
in stimulating the secretion of insulin (30). We observed that
leucine, as well as total BCAAs, was significantly inversely
associated with the risk of diabetes in women. Although these
associations were not significant in men, inverse associa-
tions were suggested. Obayashi et al. (31) reported that estra-
diol increased the activity of the BCAA catabolism enzyme
in ovariectomized rats, suggesting control of BCAA catabo-
lism by estrogen. Hormonal status in women may favor the
potentially beneficial effect of dietary BCAAs on the risk of
diabetes.

Strengths of our study include the prospective design, val-
idation of the dietary questionnaire, representation of the general
population, and information on potential confounders. Several
limitations should also be considered. The identification of cases
of diabetes was based on self-reports. In a previous study con-
ducted in Japan, relatively high sensitivity and specificity were
reported for self-reported diabetes relative to physician-reported
diabetes; the sensitivity and specificity were 80.8% and 99.3%,
respectively (32). However, no screening for undiagnosed dia-
betes was done. The sensitivity of self-reported diabetes as com-
pared with the criterion defined by hemoglobin A level was
low in our subsample, and low sensitivity of self-reported
diabetes in comparison with biomarkers has been reported
from other studies (33, 34). If subjects who had diabetes but
were misclassified as nondiabetic were more likely to have
had a higher intake of BCAAs than those who were correctly
classified as diabetic, the results found in the present study
would have been affected. Considering that the rate of response
to the follow-up questionnaire was not high, the possibility
that subjects who had diabetes participated in the study only
when they had a low intake of BCAAs or that those who had
no diabetes participated in the study only when they had a
high intake of BCAAs should also be considered. However,
BCAAs are present in various foods, and their intake was
expressed as a percentage of total protein intake. In addition,
baseline BCAA intakes were similar between respondents
and nonrespondents to the follow-up questionnaire. There-
fore, it is not likely that BCAA intake was dependent on the
diagnosis of diabetes or participation in the study. Despite
the use of a validated FFQ, some degree of misclassification
of dietary intake is to be expected, just as in other nutritional
epidemiologic studies. However, it is unlikely that incident
diabetes cases would be systematically underestimated in our

Am J Epidemiol. 2013;178(8):1226-1232

FFQ at baseline. Underlying diseases or preclinical signs at
baseline may have affected diet, but it is unlikely that such
conditions induced lower consumption of BCAAs without
affecting total protein or total energy intake. In addition,
exclusion of the first 3 years of follow-up did not substan-
tially change the results. Adjustment for numerous lifestyle
and dietary factors did not appreciably affect the results. How-
ever, we could not fully establish whether the observed reduc-
tion in the risk of diabetes was attributable to other nutrient
parameters. We could not obtain information on family history
of diabetes.

In conclusion, our findings suggest that dietary leucine or
BCAA intake might be associated with the risk of diabetes in
adults. Studies focusing on the relationship between dietary
intake of BCAAs, especially long-term intake, and diabetes
are needed. Because this is, to our knowledge, the first study
to have examined the association between BCAA intake and
risk of diabetes, replication of these results is required.
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