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Abstract

Although, weight loss is associated with improved glycemic control in diabetic patients, the relationships between patient
weight, daily energy intake (EI), and glycemic or other control status have been poorly investigated. Baseline characteristics of the
Japan Diabetes Complications Study, a representative cohort of Japanese diabetic patients, were used for quartile analysis stratified
according to patient body mass index (BMI) and EI. Despite a 1.4-fold discrepancy in BMI between the highest and the lowest
quartiles, no significant linear trend in HbA ;c levels or EI between quartiles was seen, although, waist/hip ratio, blood pressure, total
cholesterol and triglycerides increased and HDL cholesterol decreased with the increase in BMI. Quartile analysis, according to EI,
revealed a 1.8-fold elevation in EI between the lowest and the highest quartile. Nevertheless, the differences in patient BMI between
the lowest and the highest quartile were no more than 3% and there were no significant linear trends among the four quartiles in most
parameters including HbA ¢, blood pressure, serum lipids. These results revealed only very limited cross-sectional correlations
among BMI, EI and other parameters suggesting that it is necessary to consider much wider variations in ideal weight and optimal
dietary prescription when making assessments of diabetic patients.
© 2007 Published by Elsevier Ireland Ltd.
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1. Introduction

Obesity increases morbidity and mortality in
patients with type 2 diabetes and short-term studies
have demonstrated that even moderate weight reduc-
tion through diet and/or exercise can improve patient
hyperglycemia [1-3]. However, the few long-term
cohort studies on the effects of weight loss on
glycemic control in diabetic patients produced incon-
sistent results [2-5]. It has been speculated that the
inconsistencies may have arisen from the confounding
effects of other influences on body weight, such as
the disease process itself or the medications used
[6,7]. Even the detailed cross-sectional relationships
between body weight and glycemic control indices in
type 2 diabetic patients have been poorly investigated
in large-scale settings, and the clinical utility of patient
body weight and energy intake data has yet to be
fully evaluated. To deepen our understanding of
obesity in diabetic patients, further analysis of patient
data obtained from the Japan Diabetes Complications
Study (JDCS) was performed to clarify the cross-
sectional relationships between obesity, energy intake
and diabetes control status within a single ethnic

group.

2. Patients and methods

The JDCS is a nationwide prospective study of the char-
acteristics of 2205 Japanese patients with type 2 diabetes
aged between 40 and 70 years old at registration [8-12]. All
patients had been previously diagnosed with type 2 diabetes,

having glycohaemoglobin A,c levels of more than 6.5%.

Patients with impaired glucose tolerance were not included in
this study. Other characteristics of the patients and details of
the protocol were described previously [8]. The protocol
received ethical approval from the committee of the Ministry
of Health and Welfare, Japan and written informed consent
was obtained from all patients enrolled. From the study
cohort, we analysed the baseline data from 1637 patients
who completed a baseline dietary survey, comprised of food
records and a food frequency questionnaire (FFQ). Daily
energy intake (EI) was adjusted for height and a height-
adjusted EI was calculated from the residuals (plus total
mean) of a simple regression model of EI on height [13].
Exercise amount (content and frequency) was determined by
questionnaire and expressed in kilocalories of energy expen-
diture per day. Glycohemoglobin A,c assays were standar-
dized with 5.8% as the upper normal limit. All other
laboratory tests were determined by standard methods in
each clinic. Statistical analyses of male and female data
were carried out separately using the SAS software package
version 8.0. A p value of less than 0.05 was considered
significant.

3. Results

The results, according to quartile of BMI, are shown
in Table 1. Despite a 1.4-fold discrepancy in BMI
between the highest (BMI-Q4) and the lowest (BMI-
Q1) quartiles, no significant linear trend in glycohe-
moglobin A,c levels between quartiles was seen in
either men or women. There was no clear tendency in
fasting plasma glucose in BMI-Q2, -Q3 and -Q4,
although, it was significantly lower in BMI-Q1. Thus,
BMI and glycemic control had only a very modest
cross-sectional correlation in these patients. The lack of
a significant linear trend in EI, as well as the very minor
differences in fat intake and exercise activity between
these four categories, indicated that these factors were
insufficient to explain the differences in patient BMI.
Furthermore, the highest BMI seen in BMI-Q4 was not
due to pharmacological treatment because the propor-
tion of patients on insulin therapy was markedly lower
than that of the patients in BMI-Q]1.

Waist circumference and waist/hip ratio increased in
parallel with BMI (Table 1). Blood pressure, total
cholesterol and triglycerides increased and HDL
cholesterol decreased with the increase in BMI despite
the increased frequency of antihypertensive and anti-
dyslipidemia medication use, and most of the cardio-
vascular risk factors that comprise the metabolic
syndrome were shown to be significantly elevated with
increased BMI.

Quartile analysis according to EI (height-adjusted)
(Table 2) revealed a 1.8-fold elevation in EI (i.e. nearly
1000 kcal/day) between the lowest (EI-Q1) and the
highest (EI-Q4) quartile, in parallel with a 2-fold
increase in fat intake. Nevertheless, the differences in
patient BMI between EI-Q1 and -Q4 were no more than
3% (i.e. approximately 2kg), which supports the
previously noted poor correlation between EI and
BMI. Furthermore, unlike the BMI categorization
(Table 1), there were no significant linear trends in
waist size, glycohemoglobin A,c, fasting plasma
insulin, blood pressure, serum lipids among the four
quartiles, nor any specific trends in exercise activity or
pharmacological therapeutic contents (Table 2).

4. Discussion

A common preconception is that patients with higher
energy intake are more obese. However, previous
population-based studies of mostly non-diabetic sub-
jects revealed a rather inverse correlation between
weight and energy intake [13,14], while among
European or East Asian patients with established type



S25

H. Sone et al./Diabetes Research and Clinical Practice 77S (2007) $23-529

PaApNIIX? 319m Adwraq) ulnsut Yitm sjuaneg

‘pUDIY IE3UL] S0} 1S3 ISRIIUOD Y1M DURLILA [O SISA[RUY

159} [T
P
(@’'S 1) UToW SLOW03

(4O umpan

v
(@'S) urowr arm sanfep

9000°0 T8¢ 12 81T 6Ll $EE 510000> 9'sE ¥6T 661 I's1 91 (95) erwapidipsadAy Joy woneapay
51000°0> 6'¢E 97¢ Lot 82 §0E 21000 91 £'37 (474 6Ll €T (%) uotsuauadAy 1oj uoneapay
SLLI00 991 | §174 9 T 91T ,T0000 ST Sel SLl Y4 TLL (%) 3sn (VHO moyiim Jo yium) unnsu(
() asn (uipnsut Inoyiim)
85590 v'6§ €65 8'5Y ¥'65 019 ,0TS00 679 619 819 v'ES 009 VHO swadeas sideak(Sod4y (riQ
£890°0 Lyt '90) 61€ SO (65T '0S) (£€T '6€) (95T 'v€)  POLO0 (56€ 've) (€6€ '$9) i€ 'Ts) (C0E '65) (pSE *SS) (Kepyjmay) Auanae astaraxg
(Y41 oyl 161 €11 Lt Ll 6L1 951 0Ll £91
8L20°0 (602 1's§ ©61) €S @8 sis L sis @8IV TES  06L°0 (€91 Ly T80 058 6'L1) €S (191 v'es LD £ps (Kep/3) ayeaut ing
(vp/iray) pasnipe-ydiay
¥6£5°0 (€9) 6£91 (19) 6£91 95) 691 09) 0191 ©9) T¥91  vTYlo (£p) 081 (6t) L181 (Sp) §181 (s) v181 (Sp) LISI ‘et K3raua Aieq
1000°0> (€p1 '95) TS €S (6Y1'S) @I "vS) as1'ze)  10000> Ul ‘bS) (pS1 °T9) (8P1 bS) (or1 °LS) (0s1 *¢9) (Tioww) s3pudk S wnisg
611 LIt 96 8L 101 el 91 01 06 601
1000°0> @) €s (20K 4y [(ASK: 19 07) 59 @y Ls  10000> 1) Ly (1) 16 [(43X%3 61) 8¢ wn ¢¢ (1A0ww) [013153j0Yd JAH W3S
01000 (XA XN ¥ 99 ziT (€9) 802 (1¢) €07 ) 60T 0000 €) b6l @Le) 10z () v61 (re) ¥81 (SE) €61 (J/10wus) [0s3152404D {01 WIS
10000>  (OZ°S®06 @108 WI'SO§y ©0T'S0Ly OT'SO0L  10000> @1°'S0T6 (81°S0T9  @1'S00S ©T'SOEY (0T 'S0 09 p(110wd) uipnsur euiserd Funsey
61000 (981 *LE1) #81 "SED) (z81 ‘€E) (SL1 'vz1) (Z81'7€E1) 88000 (161 '8T1) (SL10g) (281 ¢E1) (891 *1Z1) (|L1 '0ED) (vtoww) asoom3 ewseid Junsey
L1 LSl LS1 vl 99} 081 a1 2] opi 8wl
96890 S T0'8 O S6'L (€51 s1'8 61’ 68'L 6£1)008 70190 @ ssL O ¥S'L 6oL Or'D LS'L (€D 65°L (%) 2'v uiqoj3owsryoaf|n
10000> 1) 8L (6) 8L on sc . e €6)9L  10000> (1) 08 (6) 8L o1 9L 1) s oD LL (8Hunw) amssaid poojq amseiq
1000°0> 91 pel [C198 291 91 el D 9zI ©n zel 10000> (S1) g€l (S1) €€l (98N 14] (g1) 821 [CIDN Y| (FHww) amssasd poolq JNaISAS
1000°0> (LO0) 88°0 (50°0) v8°0 (LOO) £8°0 (LO'0) 6L°0 (L0'0) €80 1000°0> (90°0) £6°0 (90°0) 68°0 (50°0) 88°0 (90°0) $8°0 (50°0) 68°0 ourz dignsiepg
1000°0> (L) 298 (1'9) v'8L (L9 THL (§'9) 919 (5°6) 99L 1000°0> (6'S) 006 #'S) 9es (v'v) 86L (§6) 'L (6°L) 1'T8 (WI3) IDUMYWIRIND IS
1000°0> 66) 98 896 ®9) it won wo ol 0000 L) 66 [CHARAT €0 611 (AR &4 Wwoen (samak) voneinp s2)3qe1q
80040 6L €8s (L) 68s 'y v'es (T'L) 885 (€L 88 €0000 o TLs (€'L) 185 (89) 065 ©L) §'6§ (€°L) p'8S (samaf) 53y
10000> @9 vy 6'¢) 29 [CXSE SIS o) L'y (S8 €YS  10000> a9 LiL €9 ey Sv) €65 9 oes w Ty (3%) wyHom
6L Lo vt 90) 0t €N el (£€) €°€T WD 19 (5°0) §°€Z CoLic a-nvel [Cxaiesd (u/8%) INg
(L81=N) (681 =N) 061 =N) 081 =N) (TET=N) S1z=N) (€22 =N) (1Izz=N)
sanjea 4, YO-1INg £O-1INg 0 1Ing 101N Mo sanpeA 4, O-INg o 1 28:¢ 0 Ing 10- 1N [eiog,
(991 = N) UIWOA (168 = N) U3

159m0] 38 {O-1AG 91 LINE 419y1 01 Fuipaodae sajienb ojut paynens (SHQr) Apms suoneadwo)) sataqerq uedeg sy ur ( LE91 =

(saydiy 12 pO-1Ng pur

N) $913qeIp 7 3dA1 yum siuaned asaueder jo sansualormyd suipaseg

| 2Iq8L



‘papn[oxa a1am Aderay) urnsul ylim syuaned

"puai) JB3UL} 10J 1531 ISRIUOD Ylim SIUBLIRA JO SISA[RUY

150} [IUBy PapuldXy ,

p
("@’S]) uesw SUBWO3D
(40D ueipay

"

("@'S) ueaun are sanjep

Q .18eL0 91g €TE 8'6¢ §'6E  LEISLO 9Ll Lyl 081 TSt (9) vrwapidipiadAy 1oy uourdipa|y
H 509210 LT 08 1€ €€ 508950 ¥'eT LAt 192 T (%) uorsuapadAy 10§ uonearpapy
>IN AT Al 'Ll L€t (x4 0T 59910 91 vl 081 TOT (%) 9sn (VHO moynm 1o yiim) uinsuj
f (95) ssn (uinsut oylim)
S L£E€90 0'z9 0'Ls 029 679 LLTESO 895 919 9 965 swafear onwseafFodAy wiQ
o PSLLO (stty)  (ogT ‘s (682 ‘61 (65T ‘vE)  89¥0'0 (I8¢ ‘9p) (pst ‘89) (£9¢ *L9) (£0€ “tb) (Kepyjeoy) Ananoe astosaxy
R ozl €€l 24 €Tl 091 £61 6L1 8€1
8 s6sT0 (081 '€9) 6v1 ‘vS) 951'16) (€61 °29)  S190 (SS1'19) (151 ‘€S) (Sp1 'S9) ©S1 ‘¥S) (11oww) sapuad(3 wusg
g SOl 001 £01 L6 111 Y01 ol 48! _
& pLIEo (91) 95 (S1)9S (1) 8s 81 LS  ¥#I¥SO 1) 28 (91) €6 81 ¥§ oD 1¢ ("I/lowur) [0IASIAOYD TAH Wirudg
T cese0 (z€) 80T ) L0z (€6) 112 (S€) 01T 92090 (9¢) s61 (Lg) 161 (1g) sl (s€) 261 (/jowur) [0INSI[OYD [eI0) WINISG
E ziyo  ©z'e0 €L (0T'S089 ®I'SOTL OT'SOLI €090 (TT'S009 ©T'S009 ©T'S0S9 B1'SOLS p(T1owd) Juinsut ewseld Sunsey
O 91L0 (081 ‘veI) (081 ‘621> (L81 ‘pED) (€81 ‘621)  6970°0 (681 'ZED (181 '1¢0) (081 “LT1) (CTARYNA)) (11oww) ssoon(d vwise(d Sunsey
m ¥S1 4y oS 091 491 6v1 6vl &bl
= 96890 (6v'1) S0'8 (TS 118 (SenN o008  (LI'DS8L 6670 wenwe @Wowe  GrDsyL W est (%) 2'v wiqo[Soweyod4lD
m 8vS0°0 on L oD LL (o sL (onsc  evzLo ® LL (oD LL (oD 8L (oD LL (8Hwuw) amnssaid poojq drjoseiq
M 919L0 9D zel Qn 11 o) €¢I WD 1€l 29680 (o1) z¢e1 (SI1) og1 Wy iet (S1) zgt (8Hww) 2nssaad poolq d1joIshg
n  SIS80 @00 80 L0 €80 (Lo0Yeg o  (LOO) P8O SLEYD 900 680 (900 680  (LOO 680  (90°0) 68°0 A ones diyastem
S 50610 (8°6) 1'8L #'6) 9°SL (8'6) €£9L (0'6) S9L  6£01°0 (0'8) T'e8 woLis (#8) €18 (€L) 18 (WId) DULDJWINIID ISIEA,
M £9100 (19 v'6 #9) L6 (A NAT (rg)9or 11940 (8'L) 601 (AR (AR aw (1224) uoneinp sAaqeiq
S 60810 Ly 6'Ls () ies 90 ¥'6$ (8L) 885 THIYO (S'L) 9'8S (89) 7’86 L) 685 L ogs (Jeak) a3y
T 059000 %) 6'SS 6L tes 98) v¥S (L) 8€S  €6¥0°0 ('e) ¥'€9 w8 619 9%) 819 @) L'19 (B%) wSom
m ¥€20'0 (T 6€T ¢ 0€e o) vz WeE) 67T $9100 ((YAREY/ €L L9 s (;w/3%) INg
g 10000> (€6 0sL (6'8) 7SS 6L) SV %) Lse  10000>  (8SD LT 66)L'LS  (on o6t (L8) 6'LE (Aep/3) oxewur 1eg
“ . (Kep/eoy) parsnipe-1ySray
= (6£€) S91T L) 9iLl (09) 981 (091) 6611 (957) €v€T (98) 0z61 (€L) 8591 (6€£1) 9veEl ‘aymur A310ua Apeq
(L81=N) 981 =N (81 =N) (981 =N) (TTT=N) WTzc=N) (TTT=N) (€TT=N)
SaN[PA o, vO- 14 £0- 14 0- 14 1013 soneA 4, ¥O-1d €013 013 10-13
(9vL = N) uswom (168 = N) U3y

S26

(159431 18 Q-1 pue 153mo] 18 Q-1 3D (parsnlpe-ysiay)
(13) eIt A313ua A[rep 19y 01 Surpodar sajnsenb out paynens (§OAf) Apms suonesrydwo)) saraqeiq ueder sy) ut (L9 = N) $313qeip 7 ad) ynm siuaned assueder Jo sonsusioeseyd suljaseg

z 21qeL



H. Sone et al./Diabetes Research and Clinical Practice 775 (2007) §23-529 S27

2 diabetes, almost no correlation between BMI and non-
fasting blood glucose levels was found [15]. Fasting
blood glucose, glycohemoglobin, EI and oral medica-
tion use were not determined simultaneously in these
studies. Our analyses, while revealing that the
differences in BMI or EI did not reflect the averaged
glycemic control status of patients, also support the
earlier studies and provide evidence of relationships
between BMI and EI and parameters such as serum
lipids and blood pressure. It is also clear from our
analyses that it is impossible to ascertain the glycemic
control status of an individual patient from a single
assessment of their BMI or EI. The lack of significant
differences in EI and the relatively small differences in
physical activity in the face of a large discrepancy in
BMI seen in our patients (Table 1) suggested that
lifestyle-related factors play relatively limited roles in
determining the current BMI of the patients.
Glycemic control was poorly correlated with BMI

while blood pressure and serum lipids showed
significant step-wise elevations with increased BMI .

(Table 1), despite all three parameters reportedly
improving with weight loss in intervention studies of
diabetic patients [1]. This suggests that the relationship
between obesity and hyperglycemia is quite complex.
The higher proportion of insulin therapy, and also the
longer diabetes duration and the lower fasting plasma
insulin levels, seen in patients in the lower BMI
categories (Table 1) suggest that Japanese diabetic

patients have quite limited insulin secretory capacity -

and are becoming obese only during the early stages of
the disease. This supports previous speculation that the
disease process profoundly influences the BMI of
patients [4] and could also explain the much lower
average BMI in Japanese patients than in white patients
[9,10].

Several potential sources of bias need to be
considered in interpreting our data. One is BMI-
dependent underreporting of energy intake, which has
been observed mainly in 24 h dietary recalls [16-18],
but also in food frequency questionnaires [18].
However, we combined food recording with FFQ in
our dietary survey and observed differences in energy
intake (Table 2) that were much broader than the
reported BMI-dependent effect (20-25% over the BMI
range of approximately 10kg/m?) [18). Another
limitation of this study is that we only included patients
who had completed a dietary survey for analysis.
Neither could we discuss the role of ethnicity because
comparable analyses of other ethnic groups could not be
found. Such a comparison would have aided our
understanding of the underlying pathophysiological

relationship between energy intake and obesity in
patients with type 2 diabetes and the influence of
genetic background on the pathophysiology of the
disease.
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JDCS MGH
(%438%)  Revere Health Care Center

HER [BlEOHES] 2,205 [55] 128 [39]
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&, NCEP HEDMEHIZ DV TId, HAMREYA ORLHE (R 1b) 1 SRz TR L 7,
TG: FY 7)€Y F, HDL-C:HDL 3L A Fa— .
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