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Table 1. Cohort studies of dietary factors in relation to incidence of type 2 diabetes.
Authors Subjects Fall Dietary Ran, dj
Follow- Cases? Dietary factar ge or median | f
. e plor y Assocl-
No. Year (re l‘t;roe.)nce n Sex ’?’?," uply) () ﬂlmg)‘ examined gﬂ:ﬁﬂ&:ﬁ?&tﬁ‘: wend Factors used for adjustment ation
1 1983 Snowdon 22632 MWW 30-89 21 434 NVQ(1)
and 8295 M 143 <1 1-2 3-5 >6
] Age, deslrable welght, PA, freque
Ph(r;!;vs Maal (d/wk) 1 L6 16 3.6 —  of use (meat, cggs, milk, Flswesr ¥
Ref 0.8-2.9 0.8-3.0 1.9-7.1 desseels, candy, soft drinks)
14337 W 291 <[ -2 3-5 >6
Age, desirabla welght, PA, {requen:
Meat {dfwk) 10 1.3 1.2 0.6 - 0(8(‘-',.” {meat, cggi{'mllk (’%‘q \vg N
Ref 09-20 0718 0312 desserts, candy. soft delnks)
21992 Colditz 84360 W 3459 6 702 VEFQ(L)
°§5‘~ Wormen with BMI<29 —{Low) — — - ~—{High}
1.00 0, g R . Age. BMI, AL, FH. prior weight
Enevgy ot 10 109 1.0¢ 0 8’4‘_2;82 024 nge (1976-1980), tmo period. ¥
—{Low) — — - —{High) ge, BML AL BIL welgh
) (Y prioe t
*Proteln lﬂ.:o 1:4 1f3 lfs os(;fllzs 0.24 chsngc(lBTﬁ—lQED).llmnpel‘lcd N
—llow) = - ~—  —{High) Age, BMI, AL, BH, prior welght
‘Ammalft 100 093 1.06 e o®r - ct%gc (1976-1980). Hime perod. N
Ref — — —  0.60-142
~—{Low) - — - —{High} Age, BMI, AL, EIl, prior welght
*Vegetnble foL 100 Q.83 1.06 Q.78 0.62 _ clmn% (1976—1980) pu:n‘;: pc:(gt\h Y
Ref — - —  040-097
~flow 91 o P Age, BML AL, PH. prior welght
» 5 3 . 5 . prior
SFA 1;“:‘0 092 1.08 100 ortes O onge (1976-1980) tme voriag "+ N
—llow) » " o —ligh) BMI, AL, PH. prior welght
o prior wyl
MUPA 1;::’ 080 104 090 06‘;'_9]‘35 083 O o 57671980), P peg™ N
o) ™ o |5 —{igh) A, BMI AL U, prior weight
“BurA 1‘.‘(::) 084 08s 059 05?131917 007 e 1676-1980), hme pariol M
—{Low) —_ — e ~{High} g A dar welght
") pror w
Linolele ackd l,.{t:? 086 086 0.63 nsg'?: 14 006 A R o76rion), hraa poag™ N
—({Low) - —_ — —{High)
o Age. BMI. AL, FH, prior welght
/S 1..&0 105 0.99 092 04(;'-61703 007 e N 157a Toam, b pcrk:%h N
—{Law) — - - —{Hlgh}
Age, AL, UH, prioc welght
CHO ’;&0 129 108 1la ustﬁgx 042 changc(l9?6—|‘380).tlmcpcdod N
~ilaw) o " " —{ligh) Age. BMI. AL. CH, prior welght
*Dictery flber ';3? 0.89 0.82 119 05%_7:13 080 07 anions), hr g™t N
~~{Low) - — — —{High) Age. BMI, AL, FH, prior weight
* Cereal fiber 1.00 0.77 0.83 0.34 0.98 — ch'mﬁe (1976-1980), time peﬂod N
Rel — — —  0.62-155
“ALow) — - - ~{High} Age. BMI, AL, FH, prior welght
* Pruit fiber 100 0.90 0.82 0.73 095 —  chunge (1976—1980). time period, N
Ref — — — 0.60-1.50 IT (CF, VDF)
—{Low) - — - —High) ge. BML AL PH, prior welght
*Vegcloblofiber  1.00 107 0.82 135 106 — cham (1976-1980), time period, N
fef — — —  067-1.66 IT{CDF. YDF)
—{Low) — — - —{High)
. Age, BMI, AL, FH, prlor weight
Sucrase x:::) 118 0.9¢ 03 0717-1]676 078 e 11976-1980), Fine pert N
~—{low) -~ - =, ~—{High) Age, BMI, AL, FH, prior weight
*Polasslum 1.00 098 Lo4 0.85 0.76 =~ change (19761980}, time period, N
Ref — — —  0A44-1.30 1T {Mg. Ca)
~{Low) — — - —{High) Age, OMD. AL, BH, prior welght
“Magneslum 1,00 101 104 0.92 095 - change (1976—198()!. e pertod, N
Rel — — — 056161 1T (K. Ca)
~{low) - - - ~—{High) Age. BMI, AL, FH. prior welght
*Calclum 1.00 119 0.7t 0.77 0.85 - clmngn (1976-1980). time perod. N
Rel — — — 0.53-1.37 T (K. Mg)
Vegotable <12 - st BML AL, £ (E). prlor welght ch
ctal _ " {E). prior welght change
(servings/d) l}"‘e’r" - us%ff 6 021 (1576-1980) N
eral <vb - =3 BMI, A 1 (1), prioc welght chi
ralt 100 —_ 115 0.88 prior wely! nEe N
h 1976-1081
{seevingshl) Rel _ 0.72-1.84 (1976-1980)
Women with BM{ 229 —{Low} — - — ~(High)
5 Age. BMI. AL, TH, prior welght
Energy ‘Rg:‘? 103 10¢ Lo4 L u}f;sz 0.29 change(19/6—19803, time peri N
—{low) — —_ - —({High)
- Age, BMI, AL, FH. prior wcight
*Proteln ’ﬁ“? 0.95 Lt Me 6‘;‘9]225 088 Change(1976-1980) lime period
o — — — 681,
—{Low) — — — —{High}
. P Age. BMI. AL, prior weight
Anlmal fat 1;)? 178 0.90 L1 07(29]6 0.83 chmgn(mb_mo, fine per N
C| — — - J N
—{Low) — — —_ —{lligh)
wn GMiI, AL, PR, prior weight
*Vegotablo fat 1;::) 1.03 0.93 108 0.6?:1215 0.77 chmgc F1676-1980), B pert N
w{Law} — — — —{HIgh)
I, AL, FH, p Ight
*SEA 1}.&0 0.95 1.08 0.85 . 6!;.81824 0.se B DMl e gan, o SOt N
—{LOW} — — -— ~{High)
Ape. BML AL, PH. prior welght
*MUFA 1R.n? 0.94 127 124 . 713.0]1 o 0.2y O e (1676-1980), fime port N
i — — — of 3— 14
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Table 1. (Continued)
Autbors Subjects i ' Diclary Range or median
No, Year (refcrence A Jow: LA5T method Dielnryfnctor Multlvorlate relative risk blor Pactors used for adjustment Ao
No.} n Sex (ygle WPH) 1 pimeyy O3 95% confidence lnterval trend e used for adjustmea atlon
~{Low) — nd el -~{High}
*PUFA 100 107 1.08 L12 126 gyy Age BML AL BN Dror wegh
Ref — — —  D91-L73 change b time p
—{Low) - - — —{High)
Unoleleacid 100 110 107 1.05 l.oih 0.81 cha '3'{'1'972519‘2’3) prior welght
Rel — - — 673146 nE pord
—(law) — - - —{High)
s 1.00 L5 1.24 114 1.15;h 039 Age BMI AL i, frlor wdghl
Ref — — —  0.85-1.59 i mep
e o 2 o —{Hh) Age, BML, AL, EH, pder welght
*CHO 1.00 1.01 120 1.04 113 039 pror w N
Ref _ - o 0.84-1,55 change (1976-1980), time p(.riog
N - - " k) Age, BMI, AL, PH, pr Ight
*Dictary Rber 1.00 1.21 1.21 104 1,08 097 + F ¢ Brior Wl N
Ref o - = 0.78-1.48 change (1976~1980), Ume period
e ”» o o —an Age. BMI, AL TH, prl Ight
*Sucrose 100 121 0.99 0.90 090 020 s prior wel N
el . . _ 0.64.1.28 chnngo(l”b—l')sl)). {ime peried
—{Low) -~ — —_ —{High}
*Potassium 1.00 0.97 101 0.88 092 042 chm 3"('5'9725]9% ﬁﬂm";pc“‘-_'gghl N
Ref — — —  068-L23 &
—{Low) = — — —(High)
*Magnesium 100 1.25 103 0.81 0‘72; 0008 Ase. eusﬁx-"w?t‘n %fpc';gghl N
Ref - - —  ps3-Lu2 8
—{Low) — - - ~—{(High)
“Calcium 100 n9s 0.92 91 n.si 0.260 é\f‘f;' B“("l'é;g‘:m?(‘)-) prioe c“r}gghl
Rof — — —  059-L18 B Himep
2 1997 Salmerdn 68,173 W 40-65 6 915 VITQ (1) 4710 6100 7172 3374 10367
e(tgn)l. Energy ()/d) 1.00 124 110 112 1.24 0.16  Age. BMI, AL, SM, PA, FH N
Rel  1.00-1.51 096-149 090-1.39 1.00-1.53
. 15.8 20.8 246 28,6 353
(g’fgtﬂbh““ 1.00 092 0.97 0.89 0.85 0.12  Age. BML Al SM. PA.FH N
Ref  0.75-1J3 0.79-120 0.72-1.09 0.68-1.0¢
. 8 27.8 320 36.7 442
(é\,r‘li'imﬂ!fm 100 1.21 124 1.07 109 D76  Age BMI AL SM.PA,FH N
Ref  057-1,52 099-1.54 0.85-135 0.87-1.37
131 18.3 204 227 26.4
“SPA (g/d) 1.00 1.21 0.99 0.98 095 020 Age, BMI, AL SM. PA, BH N
Ref  098-1.50 0.79-1.24 0.79-122 0.76-1.18
76 9.3 10.6 121 14.5
*PUFA (g/d) 1.00 093 091 0.91 097 081 Aga BML AL SM, PA, FH N
Ref  076-115 074-1.12 0,74-L13 D.79-1.19
15.9 19.1 213 234 26.7
*MUPA (g/d) 100 0.98 099 0.99 051 0.42  Age. BMI, AL SM, PA,FH N
Ref  0.78-1.21 0.80-1.23 0.80-1.23 0.73-1.13
155 178 189 208 EX]
CHO (g/8) 1.00 0.4 L4 0.95 1.04  0.83 Age BMI AL SM,PA,FH N
R 076-117 092-141 0.76-1.19 0.83-1.30
118 147 17.0 19.6 241
;g,‘g;“f”b"-“ 1.00 101 0.90 09 078 002 Age,BMI AL SM.PA.FH v
Ref  0.83-124 0.73-1.11 0.74-113 0.62-0.98
. T4 26 37 31 76
(F;g)“f'w LOO 0.87 0.95 094 037 0.3 Age.BMI. AL SM, PA. FR N
g Ref  0.70-107 0.77-1.18 0.76-1.16 0.70-1.08
34 18 (X 72 9.6
;W“"“’“W 1.00 1.40 1.23 129 117 054 Age, BMIL AL M. PA. Y N
Ref  1.13-173 099-1.33 104161 093-146
. 2 29 37 49 75
(gfga‘ﬁb" 1.00 101 0.83 0.82 072 0001 Age, DML AL, SM, PA.TH ¥
Ref 083123 0.69-104 0.66-101 0.58-0.90
222 261 392 327 338
mw’mum 1.00 091 0.84 0.82 0.62  <0,001 Age, BMI, AL SM, PA, IH ¥
Refl  074-110 0.69-1.03 0.67-1.01 0.50-0.78
. 64 68 71 73 77
ﬁgm‘c 1.00 121 137 137 137 OUO5S Age, BMI, AL SM, PA.CH, IT(CDF) Y
Ref  096-152 1.10-1.72 1.09-1.71 1.09-1.71
i 11 144 157 178
“Clycemicloed 10D 1.24 122 125 147 0003 Age, BMI, AL SM. PA, FH, IT(CDF) ¥
Mef  099-1.55° 087-1.54 099-159 1.16-1.86
72000 Ln 75,521 W 38-63 9.6 1,879 VETQ (3] iaw) — —_ — —{High}
cz,nol. Total gealn 100 0.84 0.82 0.72 0.75 0005 Age BMI PA SM. AL FH.SRIT(E) Y
e RS 072-0.97 0.70-0.96 0.61-0.85 0.63-0.89 ’
0-0.26  0.27-0.56 0.57-1.06 1.07-1.76 1.77-15.93
:':’c'l{g}flg,a‘;;‘ 100 0.91 0.9¢ 0.74 073 <0.0001 Age, BMI, PA, SM, AL FHLSRIT () Y
Ref  0.79-1.05 0.82-1.08 0.64-0.86 0.63-0.85
oW = = - —(High)
Relined graln 100 1.09 1.01 1.09 111 0.26  Age, BML PA,SM. AL FH.SRIT(E) N
Rl 094-1.26 0.86-117 0.92-1.27 0.94-1.30
) —(low) — - - —{(High)
:}"::g];’c"r‘g]'f;d 1.00 1.09 115 127 126 001 Age BMIFASM, AL FH,SEIT(E) Y
¢ Ref  093-127 D99-133 1.09-147 1.08-146
AN <1 2-4 56 =7
(Dsgxlgfmk) 1.00 0.90 087 0.79 077 0002 Age BMIPA,SM, ALPH,SEIT(E) Y
B Ref  077-1.04 075-1.01 0.66-094 0.66-0.90
: AN <1 24 56 =7
ﬁgﬁﬁfﬁm 1.00 081 0.70 0.71 0.66  <0.001 Ago. BME, PA. SM. AL FH.SRITHE) Y
{servings/wk) Rel 0.71-0.93 0D.60-0.81 0.62-0.82 0,55-0.80
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Table 1. (Continued)
R
Authors Sublects Enll 1 Dictery Range of medfan
No. Year {reference ARE 1o (ol Cases! snethod Dietary factor Multivariate relative risk plhor Assodl-
No} " Sex '()g)n uply) ) fumesy  examined 95% confidence Interval “trend factors wsed for adusiencan. - CicT
e AN <1 24 56 =7
poom 1.00 0.89 1.00 0.84 0.88 047 A g '
o X : . g, BML PA,SM, AL FH.SBIT(E) N
BONNBK) Rl 081-099 085-L17 0.62.005 0590131
_ AN <1 2-4 36 =7
(C;ggbl?:‘l!:‘;‘l‘{;\;"' 1,00 0.97 0.84 0.61 0.73 0.08  Age. BML PA.SM. AL FILSBIT(E) N
Ref 0.88-1.7  0.69-1.03 0.32-1.15 0.35-1.54
AN <1 % . 56
g?xﬁfﬁm 1.00 0.77 0.64 047 <0.0001 Age. BMI, PA, 5M, AL FH, SB.IP () Y
0.09-0.86 0.44-091 0,15-145
when AN <1 24 6
oL BT 100 0.64 0.79 0.85 0.003 Age, BMI, PA, SM. AL FH. S 1Ty ¥
GG L 081-080 0514122 053137
. AN <1 4 56
an 1.00 0.66 0.63 0.54 <0.0001 Age. BMI, PA, SM. AL FH, SR IT(8) Y
fervingshld 0 056078 048083 041072

Other whole AN <1
gralns 4 0.77 002 Age. BMI PA.SM. AL FHLSRIT(E) ¥
servingstwk) Rel 0.63-0.94
2.20m Hu' 84,941 W 34-39 153 3,300 YEFQ (4) —{Law) -— — — —(High) @
etal. - PIS. IT (11}, GL. nge, time, FH, MS,
Cerenl fiber 1.00 0.97# 0.79% Q.76# 0.608 <0001 Y
1
un Rl 0.87-1.07# 0.69-0.89% 0.66-0.86# 0.50-0.70% HRT.3M. DML, LA, AL
—Ilow) = = = —{High} -
PIS 100 0.92#% 0.83#% 0.81# 0.808 <0001 Eagl@sgk‘&ifnﬁzfﬁ“m FH.MS. y
Ref  D.82-002% 0,73-0.93# 0.71-0.91# 0,70-0.90% T
—{low) — - - ~—{High) ’ i
Transfottyacld 100 1.05# 1.19% 1194 1408 <0.001 !‘}R!l?gi}- Puﬁi%\aﬁ%. time. FH, WS,y
Rel  0.95-115# 1.09-L29% 1.09-1.29% 1.30-1.50% il
~{Low} - — — ~—{High)
Glycemiciond 100 1004 1128 LLB#  l40r,  <opor [TICORTE P/S oge timo, FH. M5,y
Ref  0.87-1.130% 0.98-1.26# 1.02-1.34# 1.22-1,58# PR
(Law) 2 3 4 S(tigh) )
Dietaty score® 100 0.36 0.7 0.67 049 28" me. FH. MS. HRT, PA. BMI, y
Rel  0.78-0.95 0.68-0.86 0.60-0.74 0.42-056 '
2 2001 Solmerin 84.204 W 34-30 14 2.507 VTG (3] 289 133 372 40.6 461
f‘,g‘; Totalfot (%) 1.00 0.87 101 0.97 097 096 ggfh&‘("g ;_;“;d'“M'- SM.PHL AL
Rel 077100 0388-L15 0.85-1.10 0.85-1.11 Rt
17.3 FI) 25.0 29.2 364 gt e period. EML SM1. P AL
Antinal fat (%8)  L.UD 0.88 1.00 102 097  o71 Afe lime peclod BML SM. FH, N
Ref 0.76~).02  0.86-1.15 0.88-1.19 0.82-1.15 FALTT (R £ CL VR T
Vegeloble fo 53 57 ' 135 172 Age, 1 iod, BM, SM, FH, AL
egetobic fat 1.00 0.85 0.67 0,65 0.60  <0,0001A8¢ e period. BMI, SM, FH, Y
() Ref  0.75-096 0.59-0.77 0.56-0.76 0.51-0.71 AT E. CL AR'TE)
10.7 123 143 16.0 1838 g time period, TV S, 0 A
SUA (%E) 1.00 0.97 0.96 1.03 0.99 098 fge tne perlod, M1, SM, PH, N
Rel  083-112 081-L14 086124 0.80-121 4. 1T (R E. CL. MUPA, PURA, TH)
10.9 131 4.6 16.3 193 e, time petod, BM, S, FEL AL
MUFA (RE) 1.00 1.07 105 1.02 106 051 time period. BM(, SM, FH, N
Ref 0.91-135  (,88-1.26 0.83-1.25 0.841.33 Pf.ei'rmna.sm.vum.m
29 14 4.1 38 6.2 g i perod, BML, Sh, P, AL
PUPA [%E) 108 0.86 0.77 0.75 075  0.0002 £g° time perod. BMI, SM, FH, 4
Rel 0.76~0.97 0.67-0,88 0.65-0.86 0.65-0.88 PA.TT (R E. CL SEA, MURA, )
Trans oty ncd o " >0 4 2 A od, BMI, SM, BH, AL,
| ans fally @ 1.00 L12 118 L34 131 poy Age time pedod, BML SM. EH. ALy
B Bef  097-129 102137 087-134 L10-156 FA. IT{R R CL SFA. MUPA. PUF)
“Cholestera 131 163 188 27 273 oo o, B SN FHL A
plostera 00 .02 116 123 36 <0.0001 Q% time o v, o, B
fimg/d) o omtis LOGA Lobads Limrsy o TGRS O, Pl 1) Y
2 2002 flang 83818 W 14-39 16 3.206 VFFQ (5) NVIAN <1 1-4 =5 Age, OMI, EH, PA, SM, AL, GL. S, 1
g‘,f;‘)- ::";‘;;,m 1.00 091 0.81 0.71 (L. PUFA, SPA, 1% CDR, Mp. VG, FT. Y
Ref  0.84-0.99 0.74-0.90 0.57-0.87 WG, fish}
AN <1 1-4 =5 <0001 \ge mr. Fif, P, SM, AL Gl SP.IT
feamitbatier 1.0 0.98 0.91 081 0002 (& BURA, SH. T COB Mg, V0. PR ¥
Ref  0.90-1.07 0.84-1.00 0.63-0.94 WG, fish)
22004 Lopcw 85060 W 3455 18 4085 VPFQ ()agpgnsuum 112 261 290 321 373 Y1, BME, A, S, AL, HPTS, HPCL.
c'l‘:g“;“fg, (diet & SP) 1.00 0.92 0.83 0.76 0.3 <0001 GL.IT (£ CDR. PUFA, TF, processed Y
) {mg/d) Rel  0.84-1.01 0.80-098 0.69-0.85 0.65-1.82 meat)
2 2004 Sﬂkﬁm’- 84,276 W 34-359 18 4,085 VEEQ {3) (33 <} -3 4-5 >6 N P, AL SM. CL IT (5. TR
nrifmez Age, 0 5 )
Colfee (cups/d) 100 L6 0.99 0.70 071 <0.00} ) F oy
Yy Ref  1.05-1.29 0.90-1.08 0.60-082 0.36-0.89 BB cor g .. . i
¢ <1 -3 e Age, PH, AL SM, GL, IT (E "I,
fea {cups/d) 1.00 105 101 091 >0.20 986 0L ¢ Ha N
Rl 097-115 0.52-Li1 0.72-116 PUFA. CDE Mg), BML. BA, MS. HRY
Decuffeinntud p - 1 = Age. FH, AL SM. GL. IT (B T
eeu Teinate = ge. FH, / 5 .
olfectcupsid) 00 M‘;'f']"us 0 5%?397 nrﬁf;w 0008 piEa, COE Mg, BYIL, A, Ms HRT
9 193 328 432 708 Fh, AL SM. GL, F (& R
Caffelne (mg/d) ~ 1.00 102 090 0.85 070 <0001 35'{3\. 08 M, b1, s orn ¥
Ref  093-L11 0.82-099 0.77-0.94 0.63-0.79
3 1997 Salwron 42.759 M 4075 6 523 VEFQID 1249 1606 1902 3345 3831
f’,g‘)- Laergy (keal/d) 1,00 1.00 1.24 112 122 0.13  Age, BMI AL, SM. PA. FH N
Ref  0.75-13) 0.94-1.64 0.84-149 092-1.61
18.5 4.5 2%.1 34.0 42.6
;“(;}f‘ﬂ“”’“‘ ] 0.95 0.95 0.99 0.83  0.28 Age BMI, AL SM. PA.FH N
Rl 0.73-124  072-1.35 0.75-130 0.62-1.11
263 315 9.3 47.0 573
'Q?,‘;""'P-'l 1.00 0.89 118 119 LN 0.26  Age BMI, AL SM. PA,TH N
\ Ref  0.64-1.25 0.87-1.62 0.88-1.62 0.82-1.50
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Table 1. (Continued)
Authors Subjects £l s Dietary Range or median
No. Year (refecence oy Follow- Cases’ g Dietary factor Multivarlate relative risk plor p sed Assock
No.} Sex b%f uply) fm ity exemined ol adio trend Faclors used for ndjustment o
6.7 203 223 273 32.1
*SEA (g/d) 1.00 120 131 117 103 075 Age BMI AL SM. PA. 0l N
Ref  0.87-1.65 0.96-1,78 0.85-1.59 0.75-1.41
(¥ 113 12.8 145 174
“PUTA tg/d) 1.00 1.00 1.00 116 101 070 Ape BML AL SM. PA, FfI N
Ref  D.76-1,34  0.76-134 0.89-1.54 0.77-13%
195 242 273 302 36.6
*MUEA (g/d) 1.00 1.04 1.26 116 101 096 Age BMI AL, SM. PA.FH N
Ref  0.76-142 093169 0.85-1.56 0.74-1,37
182 213 134 155 288
*CHO (g/d) LU0 0.88 093 0.8 085 033 AgeBMIL, AL SM, A, FH N
Ref  0.67-114 071-1.22 066-1.17 0.62-1.15
o b 134 17.1 200 235 29.7
i yl;;m iber 100 0.98 1.08 0.87 0.98 0.70  Age. BMF, AL, SM, PA, FH N
Rl  0.75-1.29 083-142 0.65-1.17 0.73-1.33
el 25 3.8 50 6.8 102
(2‘;5;3 Tber 1.00 114 0.95 0.91 070 0007 Age BM), AL, SN, PA,FH ¥
RS 0.89-1.46 073125 0.69-1.20 0.51-096
i 1.2 78 X 53 3.3
(gg,""bﬁ 1.00 1.03 0.89 114 1.01 0.68  Age, BMI. AL SM. PA.FR N
Ret 0.76-1.34 0.67-1.19 0.536~1.51 0.76-1.35
R 35 19 6.3 7.9 3
‘;I;&)mhlc fiber 00 112 1.22 1.10 L12 0.65  Age BML AL SM. PA, FH N
Rel 0.85-149 093-1.61 0.83-146 0.84-1.49
) 262 307 343 383 261
(rh‘/::/g;)cslum LOo 092 0.83 0,66 072 0.0D4 Age. BMI AL SM. PA.FH Y
Ref  0.72-119 0.64-108 0.49-0.88 0.54-0.96
: 65 70 73 75 79
Iggﬁ;ﬂm'c 1.00 116 IRT) 120 137 003 Ago BML AL SM.PA.FH, IT(COM ¥
Rel 0.88-1.50 0.89-1.58 ©.90-1.60 1.02-1.83 .
119 144 160 177 203
*Glycemie lond 1.00 107 1.4 113 1.28 0.17  Age. BMI, AL SM, PAFH, TT(CDT) N
Ref  0.82-L14 0.78-139 0.83-154 0.50-173
2007 Pung  42B9F M 075 103 Llo7veO) 0.4 us 13 19 32 . b, B misdng FFQ. S
ola graln 1.00 0.88 077 0.79 070  0.0006 8™ p Bk missing FEQ, SM. -y
7 fsorvings/d) Ref  074-104 065-092 0.66-095 0.57-0.85 L, AL T (2 ¥1, V). Bhaf
0.8 13 19 26 41
follpedgrn o0 107 1.08 1.00 108 069 Age porled, Py misding (0. SM.
seviogsld) Rf  0.89-129 090-1.30 0.82-1.22 0.37-133 FH. AL T4 I VG).
32002 vanDum 42303 M 4073 12 13210 PRIOL Tilow) 3 3 1 StRigh) PR
cta ruden 1.00 0.77 0.96 0.89 084 020 AEeBMLITIE) UL SM. AL ances- g
{1
an PRlERSCOTE  pf 0.65-092 08I-L14 075106 0.70-1,00 - HPCL HFES. FH
ULlaww) 2 3 4 5{High}
Westen oret g.on 122 134 13 1.;g9h <0.001 Aschl;,@[';"l_{(%"r\-&%"“»"m- v
patiern scor Ref  LOO-148 110-1.63 1.10-163 132193 1. PIS. B
372002 venDom 42301 M 4075 12 LIV 24 19 32 15 39 e, time celod. B SN AL HPCI
ctal, “Totn) [31 {%E) 1.00 .99 1.14 1.00 097 0.63 Me pariod, Fa, -~ N
s R 081-121 054-1.39 032-1.22 0.79-1.18 s BRI ot g o
7.6 9.6 11 12 4
SPA (%5} 1.00 120 132 L2 097 047 ﬁgglf;,‘ﬁpgl&“«g&;ﬁy-)ﬂm‘PCL N
Rel 098-1.46 0.92-1,38 1.00-149 (1,79-1,20 - PSR SO0 ME)-
[] 0 [ 12 11
Oldcacld (kE)  1.00 102 1.09 109 0.93 0,53 Age time perlod, PA, SM. AL HICL.
Rl 084124 050-132 090-133 076-L14 HPTS. FH, IT'(E, COR. Me). BM1
15 43 43 56 6.8
Lirgkleacd .00 099 1.03 1.06 089 027 {gadimeperlod Pa, S AL HECL.
(bl Ref  0.83-103  0.86-1.23 0.89-1.26 0.74-1.06 » PHLTT (B, COF. Mg
0.7 1.0 1.3 15 20
anstalyadd 095 093 (J‘;l 090 033 Afeimeporlod PA SM. AL HECL.
A Rel 079-1.15 0.57-1.12 075-1.11 0.74-1,10 - CH.I7 (5. CDF Mgl BM
321 39 438 513 71
olindlenle 1,00 103 1.10 1.00 093 027 {iedmeparod DA SM. AL WPCL
ackd ime/d) Hef  086-1.23 092-131 084110 0.78-111 - FH. TV (£, COR Mg). B
80 135 230 350 570
*Lang-chaln
adloiyac 100 101 0.95 103 01 08 ;‘ig‘;«s"'pﬁpﬁf*fg-cpgﬁsﬁbﬂgh‘{PCL- N
{mg/d} Rel 0.85-1,19 079113 0.88-1.35 0.84-1.21 T T
wal s <l/mo 1=3/ma 1wk 2—4Nvk &25/wk A . iod, PA. SM. AL HPCL.
“otal proces 1.00 113 1.04 135 146 <0.0001 78S tme period, PA, SM, -y
ment Ref  090-141 082-130 108-1.68 (1.14-1.86 HETS, FH, I (€, COF, Mg). DML
<i/mo 1-3/mo Hwk 22wk At Ao P, SM, AL HICL
Bacon 100 096 119 133 0,0002 A lime period. PA, M, AL, HPCL. -y
TS, BH, T (&, CDF. Mg, BM!
Ref  0.83-1.10 101-140 1,11-L58 " b el
<limo ~3/mo Uwk =2/wk Aot tod. PA. SM. AL, HPCL
Hot dogs 1.00 Li4 127 1.26 003 hee time porto, P i N
R  1.00-130 107-1.51 1.00-L60 HETS. FH.IT (L, COF. Mg).
Sousage. salami, <1/ma t=3/mo Hwk =2hwk
balogna.other 100 095 112 RE Ul e e S N
procesedanests gl 0.81-112 0.94-1.3¢ 0.99-1.41
38.394 4075 12 1.16B VITQ(3 5] 131 152 197 342
32004 Jinn Mo o, 7 DML EH, PA, SM, AL, IT (L, TR, COR
520)' (dlet & SP} 1,00 110 1.36 $.23 116 0.67 Mg, WG, VG, T, PAS. Gl 0 N
(me/d) Ref  091-1.33 L1)-166 0.99-1,53 0.92-147
*Heme Iron 0.80 1.05 1.27 1,50 150 e
{diet anly) 100 109 1.28 122 128 0oss BRI B B A e Bt O Y
(mg/d) Ref 0.87-1.36 103-1,58 1.22-1.53 1.28-161]
0.20 045 0.63 0.90 130
“Home Iron , FH. PA, SM, AL, IT (£ "1, CDI.
fromrdmest  1.00 1.24 126 143 163 <nom RO U S A S ¥
{mgld) Ref  098-1.55# 1.00-1.60# 1,15-1.50# 1.26-2,10
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Table 1. (Continued)
Authors Sublerts it 1 Dietary Runge or medlan
' How- Casey Dietary factor g2 I .
No, Year (reference ™ method ¥4 Multivariste relative risk Pl Fuctorsused for adjustment 4SS0
No) " Sex (yg'c uel) m (imes) ~ ©xamined 95% confidence Interval trend i ation
;Hcmclron 021 0.40 0.55 0.70 100
ramsouress 100 098 092 0.9 008 Qg7 BML FRL PA.SM, AL IT BT COR
h
Seermani®  Ref  0.80-120K 0.75-110% 0801154 0.801.21 Me. WG. VG. FT). PIs. L.
32004 Lopee- 42872 M 4075 12 1333 ViRQ(dlay 270 314 3465 788 157
agnesium 1, PA, SM. AL, HPTS. H
lugaura. (dict & SF) 100 0.83 0.89 0.66 072 <000l b Iy (& COF FURA, 5, provessed ¥
{mg/d} Kel  D.J0-0.98 0.75-1.05 0.55-0.80 0.58-0.89 maal)
32004 Swlme 41934 M 4075 12 1333 WRQ0) 0 <1 153 P 3 | ot
urtines Age, [, AL, § IT (& TR
Coffee (cups/d) Loo 0.98 093 .71 0406 0.007 Y
ctal {13} Ret N84-1L15 0.80-1.08 0.53-0.84 0.26-0.82 PUFA. COR. Mg). BMI. A
p <; = = Age. FH, AL, SM. GL.
‘Tea (cups/d) 1.00 092 0.97 1.02 >0.20 A8 W Th y
Ref  081-104 0.82-1.14 0.59-1.78 PUFA, CDE. Mg). BMI, 21
Decalfelnntod ¢ - 1 oy oL IT (B
eina 1.00 0.95 091 0.74 0.048 HoN
cofleeleups) 1 084108 076-103 048112 Pl b N B
13 73 172 323 366 o, AL S, L
Colfelne (mg/d) 100 1.06 101 0.94 080 ogoz A o TE
Rl 0.89-126 085120 078-112 0.66-0.97 PO, e b, B i
4 1995 Kap 11896 M/W 45-63 6 1.106 VFRL[L]
7‘2',",- Black (1=2.548} _— <012 012-0.34 014017 = 017 N ——
agnesium . . 5 K y BE, S&X, FA, AL
{me/d.2 k) 05‘2_91574 07‘2 _119% 071_1’1 - lng? 047 et use, TV (Ca, K1, FLFGL -~ N
White (1=9.348) ot <014 014016 016019  >0.19 N A
agnesium ¢, 5¢X, .
(mp/4.2 K)) 052'?14 07‘(’:{‘ a ~07‘;'ffzg “&“ 049 Guretiouse, IT(Ca. K), FIL FOL ~ N
4 3002 Stevens 12251 MIW 45-64 9 1447 VEFI(D) .
(22' White —(Low) — - - —(High)
! Cercalllber 100 - — - Q75 —  fge ML sex Beld conter ED. SM.
. Ref — — —  osb0m
Alriean-Amercan —{Low) — - — —{High)
Cereal fiber 1.00 —_ — _ 0.86 —  Age. BML sox, fleld center, £D. M.
Ref — — -_— 0,65-1.15
5 2000 Mcyee 35,988 W 5569 6  Li141 VIFQ (L) <1921 192.1-210.6 210,7-225.6225.7-143.8 >2438
7‘2‘_‘,’)- *CHO (g/3) 100 105 098 0.90 093 022 AgeIT@BMLWH.D.SMAL
Ref  OB7-126 0.81-119 0.74-1.09 0.76-1.13
<305 50.5-39.3  39.4.67.0 G67.1-768  S768
*Starch (g/d) 1,00 0.79 0.86 0.82 083 012 AseTTIEL DML WH. ED. 5M. AL, o
R 0.65-0.96 0.71-103 0.68-1.00 0.69-1.00 :
<139  139-17.6 17.7-1L1 21.3-258  >254
*Clucosc(gid) 10O 0.95 L1 118 L30 00007 AR 1T (E), ML W/H.ED.SM. ALy
Rl 0.78-117 091135 037-144 1.08-1.57
<312 31.2-380 38.1-43.6 43.7-51.0 >51.0 ) -
*Sucrose{gfd) 10D 0.98 0.96 093 081 0027 {ige 1T (EL DML W/ ED.SM. ALy
Ref  082-L19 0.79-116 0.76-1.13 0.67-0.99
<159 159-20.3  20.4-245 24.6-30.0 >30.0
*Fructose{g/d)  1.00 095 117 118 127 00015 $8¢ 77 (5). BML WAL ED. M, AL,y
RS 077-116  0.96-142 097-143 106-1.54
<119 115167 16.8-295 29.6-101.8  >101.8
‘Lactose (g/d) 10O 116 1.02 1.09 094 024 Ao TT)BMLWALED.SM.AL
Rl 096-141 0.84-1.24 090-1.32 077-1,14
<092 0.92-1.19  1,20-1.43 1.46-1.85 >1.85 N .
*Maliose (g/d) 100 086 [RH 107 096 a0 A8 O BMLWIH ED.SM. AL
Ref  0.71-105 092-1.34 088-130 081-1.19
<58 50-85 66~71 72-80 >80
Gipoemitc 100 119 1.26 096 089 0.0507 4ge,LT U DF). DML W/H. ED. M.
Index Ref  098-143 1L05-1.5) 078-117 072-1.10 g
<103 1od-114 115124 125-136 5136 —
*Giycomiclond  1.00 0.96 a8 092 095 053 A IU( DR BML W/H.ED, SM,
Rl 0.79-115  071-105 075112 0.78-L16
<153 15.3-17.8  17.9-20.3 204336  513.6
‘Dlglnry"bcr 1.0 109 1.00 0.94 0.78 0.005 ;}XL' IT{E). BMI, W/H, ED. SM. AL,y
) Rl 031-131 083121 078-115 0.64-096
<48  48-53  5.663  63-7.0 573
‘Soluble fber | oo Loo Yoz 0.9% 089 023 A ITE)DMLWH.ED.SM. ALy
) Rl 083-121 0.84-123 0.82-120 0.73-1.08
<14 114134 13.5415.2 15.3-17.7  >17.7
‘!n;olub!cﬁbcr 100 0.96 0.92 0.81 0.75 0.0012 ;}fu. IT {£). BML W/H, ED, SM, AL, ¢
) Ref  080-L15 0.77-111 0.67-059 0.61-0.91
<34 3443 3453 5673 o795 -
(il fber 100 0.93 0.90 080 071 0gor7 Qg6 T WG. Mg BMIL WALED. v
Ref 0.78-1.12 0.74-1,09 0.65-0.89 0.56-0.8% !
<235  255-3.85 3.86-5.19 5.20-7.02  57.02
'l’;;l)ltﬁbcr 1.00 0.98 1,14 1.06 147 0.08} i',\fﬁ, 1T (B), BMI, W/H, ED, SM, Al N
& Rl 081-120 0.94-1.38 087-1.29 D96-).42
<575 5.5-7.11 7.12-8.38 B39-1014  >10.14
PVogotablefiber 1 oo 1.07 12 LI2 097 077 ASeITE).BMLWHLEDSM AL y
i Ref 088130 092-1.35 0.92-L.36 0.80-1.18
<031 031-0.36 0.37-0A3 084121 >SL21 i !
egumelber 1 00 0.97 093 104 110 017 fE ITENBML WL, ED SM, AL
) Ref  080-LI8 078-L16 0.85-1.27 0,91-1.33
<243 242-270 271-397  298-332 333
Magnestum .00 0.82 0.86 0.88 076 op4s AgcIU(RWG.COP) DML W/ EO.
{me/d) Ref 0.69-0.99 071-1.03 0.73-1.06 0.62-0.95 s
<136 13-18.5  15-34.5  33-33 >33
Joud groln 1.00 0.90 096 0.8¢ 073 0022 Age ITE COR Me). BML WIHLED.
GerVRESR) b 074110 079-L17 0.67-104 0.56-0.96 i
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Table 1. (Contlnued)

Authors Subjecls Fall 1 Dietory o Rangs ar medlan .
No. Y e Follot SC5 thod Dictary [actor i phr " ‘Assacl-
car (reN::’nce " sx A mply) () r(nl;" hs) exatined gl;%g;xg‘}emmr?&\g:ﬁ Veend Foctors used for adjustment alion
whole are <30 30-5.5 6080  85-175 >175
hole grain 100 1.03 1.03 0.97 082  0e9 Ao IT(E COR Mg) BMLW/H.BD.
Gorvingshvid o 086124 087-1.27 0.86-129 0.7E-1a1 SM. AL TA
tetned sca <60 6095 IN-135 1422 22 W 1S
galn - g 0.96 0.81 0.98 087 036 Ase IT(E) BML W/H. B, SM. AL
rvingsh - . 3
ferdogshkl - pr 075-116  0.66-099 081119 0.70-1.08 i
TR <3 33°30 31-39 40-51 =51 e 1T (E1, BAL Wi 53, M
vegetablos 1.00 1.00 112 L.21 105 041 fg- (E) BML W/R, I, SM, AL,

{eorvings/wk) gl  0.82-1.32 092-1.36 0.99-149 0.34-1.31
<625 63-10  10.-135 136-19  >18

Frult Lo0 105 100 1.08 114 020 Ape T DML W/H ED, SM. AL
{scrvings/wk} PA
Ref  087-1.26 082-122 0.88-1.32 093-1.39
Veseaai <14 14-194 193525 25.1-33.3 >335 g 1T (51 G WIH, ED. SV, AL
egelanic 1.00 1.03 099 1,09 1.07 0.45 Ao IT (EL BMI W/H, ED, SM. N
(sorvinBsMkl e 085-124 0.82-1.21 090134 D.86-1,32 "
o <13 1.5-2 2253 3.5-45  S45 Age 1T (5. OML, WIH, ED, S, ALs
Maturcbeans 4 g 1.01 L0k 110 096  0gs Ase ITIE). BMI W/H, ED, SM. ALy
fervingsvk) b pg2-123 085-1.31 089-136 0.76-1.20 il
3 2001 Meyer 33988 W 5569 11 1890 VIEQ(L) 55.7 36.1 60.1 6.8 866 Age. WiNL, BML. Uh. M. AL D,
?tz% *Toiol fat (gid) 100 100 0.95 0.93 0.89 0.1 marltal stotus, residentlal aren, HRT. N
Ref  085-1.17 0.81-111 0.79-110 0.75-1.05 TP {E Mg, CDF)
193 192 0.4 232 E1ES Agu.' ‘1"”' B BA. SML. AL ED
*SEA (g/id) 1.00 1.06 1.07 1 095 071 Marhalstatus, cesidential area, HRY.
Refl  089-1.27 D89-129 091-136 0.76-1.19 [ﬁ’M:a Ry UBA MUEA T
89 3.2 0.4 12,2 6.6 :\go.l $t‘IH. m"'xa gg. ls:;A ALH%
*PURA (gid} . 100 094 0.91 0.88 090 019 Mattelsiolus, adential are HRL -
RS 081-L09 0.79-108 0.74-1.03 0.75-1.07 i Me. CO% R SEA. MUTA. TR 113
204 20,9 22.7 25.7 338 Age.[ “l”H BMI. ]gf\ usa]u, M.Hﬁ
"MUFA (g/d) 1.00 0.99 1.03 0.93 1.02 0,93 Mmacltalstatus, coslden Slpea ML N
RS DBI-L19 0.84-127 0.74-LI8 0.78-1.34 f&f;“,’fm CDI R SYA. PURA.TF n-3
“Long-chaln 003 0.09 013 0.20 0.39 g ‘:IIH. oHL dPA.uSI:‘I. ALHI‘I‘I%
13 100 097 0.99 0.94 iR} 0.14 marital statys, residentlaj area, HRT, -y
: B, PURA, :
acid (el Ref  083-112 084-1.15 0.80-1.10 094-1.30 o ,"z' Mg, CDE T, PURA, MUTA. T8
N 232 24 2.8 35 51 .\%e.WIH UM’[ Lo us'hl’l.ﬂlnl%“,l -y
“Trans fatly 1.00 101 0.94 0.88 0.92 0.20 ol status.residentlal arce, N
oeld (g/d) Ref  D86-119 0.79-112 0.73-1.06 0.75-1.11 oy | TA MURA. TH
1 185 201 237 281 382 Age, vlwu. uMl, A sr’.q AL ED,
“*Choleslerol 1.00 0.84 1.02 1.03 1.1 o7 maritalstatus, residentinl area, HRT,
mg/d) Rl 071-100 086-122 0.87-123 092-1.33 e B P MU
29.1 29.8 17 40.4 56.8 Age, W/H, BMI1, PA, SM, AL, ED,
;é\;a‘)mﬂ' fut 1.00 104 0.97 0,99 0.8%9  0.48  morital steius, residential arce, HRT. N
Ref 0.88-1.22 0.82-1,15 0.83-1.18 0.73-1.07 TT{E& Mg. CDE. B VF)
18,6 30.2 237 29.2 417 Age. W, BMI, PA, S8, AL, ED,
;l\;’;glﬂbhfa‘ 100 0.0 0.87 0.84 0.82 002 marital status, residential arca, HRE Y
Ref  0.78-1.04 0.75-1.01 0.72-0.98 0.62-0.97 VT(E Mg, CDF, P, AF)

572004 iec 35498 W 5569 11 1921 VFFQ (Wugor peme 6.5 8.9 111 14.1 208 Age. WAH. BMI, PA, SM. Al ED.
cs*;‘l- fron (diet only) .00 0.96 099 030 080  OL8 f%f‘ﬂ'i“'h‘p‘“b‘&"&“’&“;“éfé‘?ﬁ% N
t (mg/d) Ref — — — 0610 Py i

05 0.8 1.2 LS 2.2 Age, WiH, BMI. PA. SM, AL E
“Heme lron mariolstaius rskdentiol rea iR
{diet anly) 1.00 107 112 114 1.28 0.02 " e Y
(me/d) Ref - — — 104188 Fe gy VB ODE Mg non-heme fe.

0 1-29 =30 Aze. &'vm Biil, B “srld. ALH}:&
*1ron {SP only) 1.00 0.94 116 0.79 maritol status, residential aren, "N

. - N ¥ IT (B, AF. VE CDI Mg, non-heme e,
mg/d) Ref —  09-146 T o8 &

6 2001 l’org 9.665 MW 25-74 20 1.018 24HR (1)
okduy 3874 M 416 Vrult & o 14 =3 Age. SM. SBP. CL concentration, use

Mf_;‘g,“" v;:elablcs 100 1.23 L4 - antihypertensive medication, PA. N
(scrvings/d} Ref  0F6-199 0.67-1.93 Al.. BMI. ED
5.79) w 602 Frult & 0 1-4 =5 Agr. SM, SBP, CLcancentration, use
vepetables 1.00 085 a.61 —  of amihypertensive medication, PA, ¥
{servingstd) Ref  0.62-1.16  042-0.88 AL BMI, HO
7 2002 Muye- 895 M/W 40-69 5 146 VFEL(1)
Davls 5377  VUE SP nonusers 87 S— 149 5-9.9 10-19.9 =20 gc‘;'ﬂ‘ *e:g\n};:&);c:m!é‘ scc:réglel&cr:c?
elal tamin 1.00 1.00 0.61 0.80 >3 M. BT B b e e, N
@n (me/d) Rl 043231 021-1.84 0.13-5.06 ence. SM. . 1. 2. VC).
318 VIESPusers 59 o 1-23.7  ¥3.7-37.1 3212783 =1783 T, nge. cthaleity, clinle, sex, general
T 100 094 L34 0.70 5,05 healh, T, DML wald cereumfer-
{mg/d) Ref  0.22-3.96 0.29-619 0.17-351 AL o

8 2002 vonDam 17111 M/W 30-60 7.4 306 VQ(1) =1 -4 5-6 =7 Age. sex, town, DML, 8D, DA, AL SM,
an Caffec {cupsfd)  1.00 0.79 0.73 0.50 0.0002 history of cordlovasculor diseose. Y
"ﬁ}‘g,“’ Ref  0.57-1.10 0.53-1.01 0.35-0.72 known HPTS, known HPCL

52003 Junket 38480 W =45 5.8 918 VFFQ(I}, —{Taw} — - — —{High) Age, SM. DML, vigoraus PA. AL, HRT,
cLal (7‘2;‘1 sugur 1.00 0.94 0.88 092 086 0.7 $P history of HPTS, history of high N
29 ¥/ R Q77-L15 0.72-1.08 0.74-114 0.69-1.06 CLre

' 258 336 39.3 458 57.2 Age, SM, BM1. vigorous PA. AL HET,
*Swcrose (wd) 1,00 1,00 0,98 1.00 0,84 0.6 P, history of HUTS, history of high N
Ref  081-1.23 079122 081-1.24 0.67-1.04 Cl FR
—{Low) - - — ~{High) Age. SM, BML, vigorous PA, AL, HRT,
¢
*Fructose (g/d) 100 0.99 104 1.03 0.96 0.56 SP hlsluryof HPIS, hidory of high N
Ref  0.81-122 085129 083127 0.78-1.19 Cl.
llowy — — - ~~{High) Age, SM. BML, vigorous PA. AL, HRY,
*Glucose (p/d) 1o 1.08 1.02 0.96 1.04 0.91  SP. history of HIFTS, histary of high N
Ref  0.88-133 0.82-1.26 0.77-1.19° 0.85-1.28 CL.FH
—{law] — - — ~{High Age, SM. UML vigorous PA. AL HRT,
Lactose (g/d) 100 1.08 1.03 0.86 099 033 SP hlstory of HIFIS. histery of high N
Ref  0.88-1.32 083-1.26 0.69-L07 0.50-1.22 Cl

84~
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Table 1. (Continued)
Authors Sublects con 1 Dictary Ronge or median
No. Year (releren Follaw- Cases Detary faclor 2 1 for Assocl
o “Nop "~ m Sex 4B iy metod " exanined Sptlvartale selalfvo risk bong  Foclors used for udjusimeny ASSoc
—ow)  — - = mgh
- SM,BML 2
*Starch (p/d) .00 0.95 105 1.06 088 041 é‘x%%,.m?tr c'i'%"?ﬁsl'o\ryl%‘rﬁl}g N
Ref  0.77-117 0.85-1.28 0.86-130 0.71-1.09 €L FH
9 2004 Song 38015 W =45 59 918 VAQMapgego e 255 296 328 165 CH)
£l
130) {dieL & sP) Loo 1.06 081 0.86 089 005 Ape SM,BMLUA AL FH,IT(E N
(mg/d) Rof  0.88-1.28 0.66-1.00 070-106 0.71-1,10
*Magnestum 152 291 319 349 399
(dlelonly] 1.00 100 0.96 0.84 088 009 Age SM.DMLPA AL FH.IP(E) N
(mp/d) Ref 083122 0.79-1.18 0.68-1,04 0.71-1.10
10 2003 Monlonen 4,316 MAY 40-69 10 136 DAL —_— 10-181  182-248  249-339 3401535
eal, al grain 1.00 0.80 0.48 0.38 0, Age. sex, resldentlo! arca, SM, BMI,
31 7d 2 X .. .001 ¥
B g Rl 054120 0.28-081 0.19-0,77 IR FT & B1.VG)
=109 110-162 163237 238-1321
VSB‘;‘N““ 1.00 1.05 052 0.65 0.02 g‘&s#&mldmunl area. SM, BMI,
Rel  0.71-1.55 031-0.88 0.36-1.18
0-58  59-112  113-181 182-1026 ;
Rye {g/d) 100 099 .00 G.65 0.30 A8t sox. resdential arca. SM, BML
Ref  U66-148 0.65-154 0.36-1.18 IT(E.FT4BR. VG)
Othee whole 0-3 6-13 475 76-632 -
Bf W0
1.00 1.20 112 1.14 0.69 Age. sex. residentiul arco, SM, BMI, N
[ d, " N
graln (g/d) Rf  0.77-188 071-1.79 0.69-1.67 TR, Vo
013 46-73 74-110 111-567
;{:.;%wd gnin 1.00 .70 D.68 0.62 005 4 c&slc_:_rx. éznsldcnllnl uren. SM ML
Rl 0.47-107 043-106 0.36-1.06 ! B, val
Refined wrate 0=33 1438 59-90  91-189 -
from whoat 1.00 0.81 0.70 0.69 o1l lg&ﬁg*"g’;ﬂ‘,‘” arca, SM, ML
te/d} Ref 0.53-1.22  045-1.10 041-1.34 i
Doty e 2102 193253 254330 33.2-118 . "
ary 1.00 0.70 0.67 0.51 o4 X, geopraphic arce, SM, BMI,
(wly Ref  0.46-LU7 0.A40-111 026-100 WY
Sohiblempey 03 4638 5573 7y Ags e " A~
uble ber 1,00 0.50 0.74 0.57 0.21 S Jeogrophic wea, SMLBMIL -
G/ Rel 031081 044-1.25 029112 1T FE&BR. va)
LI-8.7 88-120 12.1-16.5 16.6-69.3
INCP (/d) 1.00 0.75 072 047 003 "?f:f;,;vg*%m%‘,“ orea, SM.BMIL,
Rel  0.50-L12 045-117 0.25-0.9]
048-3.2 3.3-42  43-53  54-151 " —
Collulose (g/d} 100 0.53 067 060 0.9 8 sex, geopraphie area. S| N
Ref  032-0.85 0.39-1.14 029-1.21 e Vo)
048-2.3  24-3.) 3241 4.2-145 ke aren. S, o0t
Lignin (g/d) 1.00 0.79 0.69 0.68 0.16 g, sex. geographic ares, SM. BML, o
Ref  052-120 042-1.15 0,36-1.30 e FU&BR.VO)
047-120 12.1-17.3 17.4-244 24.5-111
&%ﬂ;ﬂ fiber 1.00 0.81 0.74 0.39 001 N mﬁmmpmn area, SM, BMIL y
Ref  054-121 046-113 0.20-0.77 Y
0-099 1020  21-33  34-368 " P
Fruft fiber (g/d) 1,00 0.68 0.79 0.92 u.g7 {1ge. sex. geonraphic aren, SM, N
Rel  0.39-1.20 0.39-160 0.40-2.13 1B FT& BR, VG)
Ve Ble fib 0.11-3.7 3.8-5.0 5.1-6.7 6.8-26.5 A " SMLBML
cgitableliber 4y Loz 0.89 119 0.86 8% 36X, Beopraphic area, N
(g/%) Ref 0.58-1,79 0.43-1.85 0.406-3.04 TP Fr& oA ‘r
103004 Montonen 4,304 M/W 40-69 23 383 DH{II s <551 5.51-626  6,27-7.31  >7.31
o tdict only) 1.00 079 0,78 0.69 0.02 ;}g;gg'mynf”c ared, occupa
g/ Ref 0.60-1.0¢ 0.58-1.06 0,5]-0.94 T
T <466  4.66-530 5.31-6,20 >620
(el on )wml 1.00 0.72 0.80 0,66 0.02 '}Sh;g-]ggzﬂg;ﬂ‘l‘% Jeen oocupa- y
(og/d) Hef 054096 0.59-1.08 0.49-0.90 Hon, LT
*3Tocopherel  <0.38  O.38-049 0.300.68  >0.64
(gmonr;)m 100 0.97 1.08 0.76 v1g Ase s feoscaphic dpen oecupu-
(mg/d) Rel 0.73-1.29 0.82-143 0.56-1.03 o
herol <0.79 0.79-1.23  1.24-2,06 >2.006 A "
(dict only) 1.00 091 0.75 077 004 8% seX. googrmpnlc Ares, ocoupn-
{mefd} Ref  0.60-120 0.56-1.01 0.57-1.03 ton, SM, BMl, PH. 1T (8)
+8Toca <0.09 009-0.15 0.16-0.28  >0.28
(diet only) 1.00 0.85 0.81 0.69 o0z Ao o gmsm*# (res. pccapa- g
(mgfd) Rel 064113 0.60-1.08 0.51-0.93 : ' ’
. e Tocotrienol <1.07 1.07-1.34 1,55-2.05 >2.05
dict gy} L.oo 0.95 0.91 031 047 ggs‘s’;;-m&;;"r'g‘g;@ occupa-
(mg/d) Hef 0.72-1.25 0.68-1.21 0.67-1.2} )
Blocoirionsy <169 L69-215  216-2.67  >1.67
(cﬁ.cloégly) e 1.00 0357 0.77 0.76 0.03 Ggg Ssﬁt Bnms'l;t:{pl‘??&r’m. oocupas
(mg/d) Ref  0.74-1.28 0.58-103 0.56-1,03 . y
<0.04 004007 0080121 >012
“focotrienol
(fm nnly)m 1.00 0.95 0.98 0.79 0.1 ﬂm = mc;;ﬂg,l’hr'f. {pen. ocupa-
mghd) Ref 0.72-1.26  0,65-1.18 Q.59-1,07 o
“&Tocotmionol | <0002 0.002-D.006 0.007-001 SO0
(dict anly) 100 101 0.69 084 0.06 mm ex. g thl*; (irco. occupa:
{mg/d) Ref  0.77-132 0.51-093 0.63-1.13 ’
Viamin G <497 49.7-6b.3  66.3-87.9  >87.9
{dlet oniy) 180 097 091 097 077 % ter seouruphlc ara. occupa:
(mg/d) Ref  0.73-129 0.68-1.22 072-1.32 b
*lotal ds <1862 18631-2865 2867-43)9 >45}9 hic areo, occupa
casolenal 1.00 0.71 097 071 007 Ase sex. geogruphic nrea, -y
! - . SM. DML, FH, 1T {B
el poly) Ref  051-096 0.71-127 052096 tan. SH, B, F2L 1T 8
<9.4  9.4-344 I45-103 5103
arotent L s .
G w0 102 094 055 A son wmmrphi orea, cccupa: y
(pgfd) Ref  0.83-149 075-138 0.69-1.28 '
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Table 1. (Continued)

Authors Sublects

Folow- Cases' DI91F oy pacior Rane or modian
No, Year {reference method ¥ Multivariate relatt plor o Associ-
NoJ n Sex ?yg)c wp) ) [y  examined QS%Wné‘dmmam‘{zrﬁ eend Factors used for adjustment /B0

*pCarotene <698  698-1104 1105-2121 >2121

gdlelmly) 100 0.83 L.14 074 .25 Age sex. geographic srea. occupa-
ug/d) Ref  062-111  087-151 0.5¢-101 thon, S, BM1, FH. 1T €8)

*nCarotenz <6.3 6.4-28.5 28,6603  >60.3

(dict only) 1.00 0.78 0.88 0.82 029 Aem sox. geographic area, occupa-
(ug/d) Rel  059-1.04 0.67-118 0.61-110 tlon. SM. BMI. Fr. IT ()

Ly <Nz 113494 495-1064  >1064

pene

(diet only) w0 079 086 081 023 Age tox. gcopraphle area, ectupa-
(ug/d) Rel  0.59-1.05  065-1.t4 0.60-1.09 ton. M. BML FHLIT ()
Cvoonm.  <0Z% 024336 137418 418

thin {dletonly) 1,00 0,54 0.57 .58 <0001 ABe sex, geographle ares, occupa- ¢
(ugd) R  040-073 043076 0440.78 ton, SM, BMI, FE.TT ()
atdn & <749 749935 936-1156  >1136
zeaxanifin 1,00 091 095 0.74 0,03 A8 Fex, geographlc ared. occupx N
et onir) Ret 069121 071-126 0.55-101 ton, SM, B, PH. T (E)
11 2003 Reunnen 19518 MW 2098 15.6 855 NVQ(D) =1 34 (>3 =7
e(ti 1 Coffee {eups/d) 10D 1.01 0.98 0.92 —  Age sex, BMEL SM. kdsuretime PA N
R 081-127 079-121 073-L16
122003 Saromi  2.680 M/W =15 11§28 WVO(1) NV <1 =2 =3 ol
etal, Coffes {cups/d) 1,00 109 092 1.01 0.8l  0.80 Age sex. BMI N
8
(39) Ref  0.89-134 0.74-113 082-1.26 0.55-1.03
13 2003 Schubke 91246 W 2646 28 741 VEFQ [+ 700 processed <l 1 2-4 =5 Aga, BMI, AL. PA, TH, SM, history of
ctal. meal (servings! 100 109 131 172 <0001 high blood pressure, history of high y
(35) wk) Ref  030-132 1L02-168 1.26-2.36 S oty a1t Ma. CF
<1 1 =2 Age. BMI, Al.. PA. TH, SM, History of
MO g WO 1B L <oon sl sy o
. HRT, OC, GI, IT{
Ref  1.03-1.39 1.20-227 CDE CLSE\.MUFA.PUI’A.TF)S‘ ’
R A to B O
K K p 3 ressure, histor:
et Ny ogila uoian el
<Thwk Thwk =2hwk Age. BV, AL. B FH, SM. hltory of
Sausag:'. o:?t'c‘rm‘. 1.00 1.08 1.30 u.o19 high blood pressurc, history of high 4
md mels Rl 0.89-1.30 1.04-1.62 OB A AT
<1 1 24 =5 A :IIMI.AL. M, F}II.SM..hIstor f
Totalredmeat 400 i 119 1.26 0269 high blood pressure, history of Hgh N
Gervingiwk)  pr 072-170 076-185 0.78-204 B s 2oy [T (B Me. CF.
<1 T =2 Age. BMI, AL, PA, TH, SM, Ristory of
Deef o lamb a5 o N hlieh blood pressure, history of ﬁgh
MD 10 03 11 041 Ctood CL. HRT: OC. GLIT (b Mg, OF
(serviogsiwk) Rl 0.86-1.24 0.87-1.42 COV CL. SFA. MUFA. FUA. TFL
ok ae 1D <1 1 =1 Ag, BN AL P, P, W, ms:mug
28 100 0.95 1.01 051 hisl fessure, history of N
(servingsiwk} Blbod CL. HRT, OC, I, It (5, M
Bef  OBU-L11  0.69-1.48 CDB CL SEA, MUBA, pup/{,mg'
Homburgers 1o b = Eh Do preepires htory of B
1.00 132 1.34 0,026 hig prossure, history o ¥
{servingsiwk) blood CL, HRT. OC. Gi, IT (E, Mg. CTI,
Rel  0.894-1.3¢ 1.05-1.70 CDE, €L, SFA, MUFA, PUEA, TF)
Beef, pork, <i 1 =2 Age. BMI, Al PA, FH, SM, bistery of
g;&am%ﬂ 1.00 0.97 0.89 0.31 high blood p'r‘tssurc. history of h"lrxh N
Gervingsiwy  Rel  081-115  0.71-L11 i g?cﬁ”s?ﬂf%%fé&f#)& *
14 2004 Roscn%rcn T361 W 39-65 18 74 NvQ(D =1 4 36 =7 I
ctal. Age. . FA. . serum Cle
Coffec {cupsfd) 1.0 0.56 0.45 0.57 — A "
36) Bl 032098 023090 0.26-1.29 serum riglyrerldos
15 2004 'l\lomll;:hm 14629 M/W 35-64 12 381 NvQ
ctak 3 7-
(37) 6974 M 203 =2 3-4 56 9 219 Age, study yoor, BML, SBP, ED, occu-
Coffce {eupsr/dy 1,00 0.73 Q.70 0.67 043 0.12  pailonal PA, commuting P, lelsure- ¥
Ref  047-113 045105 040-112 025-0.81 Ume PA. SM, AL tea drinking
7655 W 178 =2 3-4 -6 7-3 =10 Age. study yeor, BML, SDP, ED, occu-
Colfee (cupsfd) .00 0.1 0.39 039 0.2} <0003 pational PA, commuting PA, lelsure- Y
Rel 048-1.05  0.25-0.60 0.20-0.74 0.06-0.69 Ure FA, SM. AL, tea drinking

1 Ascertainment of cases was carried out using the following procedures:

Study 1: death certificates which mentioned disbetes as a countributing or underlying cause of death reviewed by a medically trained clerk;

Studles 2, 3, and 13: the definition of diabetes by the National Dlabetes Data Group (38) and/or the World Heslth Organization (WHO) (39) [1) 1 ox more classic
symptoms (thirst, polyurta, welght loss, pruritus), plus a fasting plasma glucose concentration of 7.8 mmol/L (140 mg/dL) or a random plasima glucose con-
centration of =11.1 mmol/L (200 mg/dL): 2} at least 2 elevated plasma glucose concentrations on different occasions (fasting 27.8 mmol/L (140 mg/dL) and/
or random 211.1 mmol/L (200 mg/dL) and/or 11,1 mmol/L {200 mg/dL) after 2 h or more on oral glucose tolerance testing) In the absence of symptoms; or
3) treatment with hypoglycemic medication (insulin or oral hypoglycemic agents)]. which was confirmed by a velidated questionnaire that was mailed every 2 y.
In a study by Lopez-Ridaura ct al.(14), however, the new guideline from the American Diabetes Assoclation (ADA) (40) (fasting plasma glucose =7.0 mmol/L
{126 mg/dL)) was incorporated in 1997;

Study 4: presence of any of the followlng: 1) fasting glucose level of 27.0 mmol/L (126 mg/dL); 2) nonfasting glucose level of =11.1 mmol/L (200 mg/dL): 3)
current use of dlabetic medication (sell-report); or 4) a positive response to the question: Has a doctor aver told you that you had diabetes (sugar in the blood)?:

Study 5: afficmative response to the following question on one of the follow-up surveys: Since baseline (or respective follow-up), were you diagnosed for the first
time by a doctor as having sugar diabetes?; N

Study 6: at least one or more following criterla met: 1) he or she confirmed that he or she had been told by a doctor that he or she had diabetes during any of the
four follow-up contacts; 2) a hospitalization record listed the International Classification of Diseases-9-Clinlcal modification (ICD-9-CM) code 230 on any one of
10 diagnoses on the hospital discharge sheet: or 3) death certificate included the [CD-9 code 250;

Studies 7 and 12: 2-h 75 g oral glucose tolerance test using the WHO criteria (211.1 mmol/L (200 mg/dL})) (39):

Study 8: presence of dlabetes, use of drugs for diabetes, or use of insulin injections assessed using a self-administered questionnaite:

Study 9: the definition of diabetes by ADA (40) confirmed by n validated questionnalre that was mailed annually:

Studles 10, 11, and 15: a nationwide register of patients recelving drug reimbursement (in Finland, all diabetic persons needing drug therapy are eatitled to
relmbursement of drug costs.);

Study 14: at least one or more following criterin met: 1) a doctor's diagnosis of diabetes according to a questionnaire: 2) fasting plasma glucose level = 7.0 mmol/
L (126 mg/dL: or 3) having been hospitalized at least once with a principal or secondary diagnosis of diabetes.

2The mtakes of trans fat and cereal fiber, the glycemic load, and the ratio of polyunsaturated fat intake to saturated fat intake were eategorlzed in quintlles. Bach
woman was assigned a scors for each variable on the bests of her guintile of intake (a higher score represented a lower risk), then the four scores were summed,
and the totnl score was categorized into quintiles.
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3 A dietary pattern characterized by high consumption of vegetables, legumes, feuit, whole graing, fish. and poultry.
* A dietary pattern characterized by high consumption of red meat, processed meat, refined grains, French fries, high-fat dairy products, sweets and desserts,

high-sugar drinks, and eggs.
Abbreviations:

[Study No.] 1, Study among White Seventh-Day Adventists (1960-, USA);

2, Nurses' Health Study (1976~ USA); 3, Health Professional Follow-up Study

(1986-, USA): 4, Atherosclerosis Risk in Communities Study (1987-, USA}: 5, lowa Women’s Health Study (1986-, USA): 6, Pirst Natlonal Health and Nutri-
tlon Exemination Survey (1971, USA); 7, Insulin Resistance and Atherosclerosis Study (1992-, USA); 8, Study among randomly selected adults from the civi!
tesister (1987-, Netherlands): 9, Women's Health Study (1993, USA): 10, Finnish Mobile Clinic Health Bxamination Survey {1966-): 11, Mobtle Clinic Health
Examination Survey (1973~, Finland); 12, Study among the Pima Indians (1978, USA); 13. Nurse's Health Study If (1989-, USA); 14, Study among ran-
domly selected women in Goteborg {1979~ Sweden); 15, Study In 2 eastern provinces and a southwestern reglon in Finland (1982~),

[Subjects} M, men; W, women; BMI. body mass tndex; VitE, vitamin E; SP, dietery supplement.

[Dietary method] NVQ, not-validated questlonoaire; VFFQ, validated food frequency questionnaire; VEET, validated food frequency interview; 24HR, & single

24-h dietery recall: VQ, validated questionnaire: DH, diet history Interview.

[Dietary factor examined] », cnergy-adjusted intake: SFA, saturated fatty aclds; MUFA, monounsaturated {atty aclds; PURA. polyunsaturated fatty acids; P/S,
ratio of polyunsaturated to saturated fatty acld; CHO. carbohydrate; %E, percentage of encrgy jutake; SP. dletary supplement; INCP, insoluble noneelialose

polysaccharides; MD, main dish; SW, sandwich: XD, mixed dish.

{Range or median}—, not available; NV, never: AN, almost never: OH, occasionally heavy.

[Multivariate relative risk}—, not available; #, value estimated from figure.

[95% confidence Interval] Rel, refecent;—, not avatlable; #, value estimated from figure,

[p for trend}—, not available,

[Pactors used for adjustment] PA. physieal activity: FT, fruit: BMI, body mass index; Ai.. alcohol consumption: FH, family history of diabetes; [T, Intake; VF, veg-
etable {at: AR, animal fat; PDF, fruit fiber; VDR, vegetable fiber; CDY, cereal fiber; Mg, magnesium; Ca, caleium: X, potassium: B, energy: SM, smoking; SP. dletary

spplement; P/S, ratio of polyunsaiurated to saturated fatty acid; TF. trans fatty

acld; GL. glycernic load; MS, menstrual status; HRT, hormane replacement ther-

apy; P, protetn: CL, cholesterol: MUFA, monounsaturated fatty acld: PUFA, palyunsaturated fatty acld; SEA, saturated fatty acld; VG, vegetable; WG, whole grain;
HPTS, hypertension: HPCL, hypercholesterolemia; FEQ, food frequency questionnaire; ED, education; W/H, ratio of waist to hip; FIL, [asting insulin level; PGL,

fasting glucose level; DF. dietary fiber; Fe, lron; SBP, systollc blood pressure;

traceptive use: GI, glycernic index: CF, caffelne.
{Assoclation] Y, yes: N. no.

study. Another study investigating the effects of antioxi-
dant vitamins indicated the decreased risk of type 2 dia-
betes by vitamin B, a-tocopherol, y-tocopherol, &-to-
copherel, B-tocotrienol, carotenoid, and B-cryptoxan-
thin. The decreased risk of type 2 diabetes was also
observed in both studies examining the effect of caf-
feine.

Table 3 summarizes the results of association of
intakes of foods and food groups with the risk of type 2
diabetes. Three studies assessed the effect of grain on
the incidence of type 2 diabetes. All three indicated a
favorable effect of grain consumption. A beneficial effect
of whole grain was also observed in several studies, Fur-
thermore, the risk of type 2 diabetes was positively asso-
ciated with the ratio of refined to whole grain and
inversely associated with several types of whole grain
products such as dark bread, whole-grain breakfast
cereal, brown rice, wheat germ, bran, and other whole
grains in one study. Although the association between
meat and type 2 diabetes was investigated in only a few
studies, the results appeared to be consistent, Not only
did several studies show an increased risk of type 2 dia-
betes by higher consumption of processed meat, bacon,
and hot dogs, but one study shliowed an increased risk
from higher consumption of meat, hamburger, sausage,
salami, bologna, and other processed meats. The effects
of vegetables, fruits, and beans were also investigated in
only a small number of studies, but one study indicated
an inverse association of vegetable and fruit consump-
tion to the risk of type 2 diabetes. Additionally, one
study investigated the association of nut and peanut
butter consumption with the incidence of type 2 diabe-
tes. The beneficial effects of both nuts and peanut butter
were observed.

An inverse relation of coffee to the incidence of type 2
diabetes was shown in five out of eight analyses, A ben-
eficial effect of decaffeinated coffee was also observed in
several studies. On the other hand, no significant asso-

GT. ghicose tolerance: F. fat; VItC, vitamin C; FT & BR, frult and berry; OC, oral con-

ciation between tea consumption and type 2 diabetes
was indicated in any study. Finally, for dietary pattern,
an inverse association between the risk of type 2 diabe-
tes and dietary score (characterized by low intake of
trans fatty acid, high intake of cereal fiber, high ratio of
polyunsaturated to saturated fatty acid, and low glyce-
mic load) was observed in one study, whereas another
indicated a positive assoctation between the risk of type
2 diabetes and the Western pattern score (characterized
by high consumption of red meat, processed meat,
French fries, high-fat dairy products, refined grains,
sweets and desserts, high-sugar drinks, and eggs).

Discussion

In the present paper, we systematically reviewed 15
individual cohort studies (31 articles) on the associa-
tion between dietary factors and the risk of type 2 dia-
betes. Because there fs no publication of systematic
review of cohort studies on diet and type 2 diabetes, this
paper may be useful for future research on this area.

It is important to note that the interpretation and
application of the findings should be conducted with
great caution not only because the results are not nec-
essarily consistent, but also because only a relatively
small number of cohort studies are available at present,
However, the following findings may be considered as
low-to-medium level evidence: for nutrients, decreased
risk by vegetable fat, polyunsaturated fatty acid, dietary
fiber (particularly cereal fiber), magnesium and caf-
feine, and increased risk by trans fatty acid, heme iron,
glycemic index, and glycemic load; for foods and food
groups, decreased risk by grain (particularly whole
grain) and coffee, and increased risk by processed meat.
In addition, antioxidant vitamins and nuts might re-
duce the risk of type 2 diabetes. However, all 15 studies
reviewed in the present paper were conducted in West-
ern countries; thus, given the large differences of
dietary habits among countries and/or societies, it may
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Table 2. Summary of association betweep dietary factors and incidence of type 2 diabetes: energy and nutrients.

Dietary factors examined

Study (n)

Significant posltive associatlon (n)

Significant inverse association {n)

Highest vs. ’lowest Trend
categories

Highest vs. lowest

. Trend
categories

Energy
Protein
Fat
Vegetable fat
Animal fat
Saturated fatty acid
Monounsaturated fatty acid
Polyunsaturated fatty acid
P/S
Trans fatty acid
Linoleic acid
Oleic acid
a-Linolenic acid
Long-chain n-3 fatty acid
Carbohydrate
Sugar
Starch
Glucose
Sucrose
Pructose
Lactose
Maltose
Glycemic index
Glycemic load
Dietary fiber
Fruit fiber
Vegetable fiber
Cereal fiber
Legume fiber
Soluble fiber
Insoluble fiber
INCP
Cellulose
Lignin
Cholesterol
Magnesivum (diet only)
Magnesium (diet and supplement)
Potassium
Calclum
Iron
Heme iron
Heme iron from red meat
Heme iron from other soutces
Non-heme iron
Iron from supplement
Vitamin B
Tocopherol
a-Tocopherol
B-Tocopherol
y-Tocopherol
&Tocopherol
Tocotrienol
a-Tocotrienol
B-Tocotrienol
y-Tocotrienol
8-Tocotrienol
Vitamin C
Carotenoid
a-Carotene
B-Carotene
y-Carotene
Lycopene
B-Cryptoxanthin
Lutein and zeaxanthin
Caffeine

Ot P el S N R R R W OO R I s R N H O U VTR B WHMNMNWNMN AR S HWIBR WO RN OWN L

[ el ]

D P bt el b ol ot o o ek el e e

1 1
2 L2

Abbreviations: P/8, ratio of polyunsaturated to saturated fatty acld; INCE. insoluble noncellulose polysaccharides.
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Table 3. Summary of association between dietary factors and incidence of type 2 dlabetes: food and foed group.

Significant positive association {n)

Significant inverse association (n)

Dietary factors examined Study ()

Highest vs, lowest
categories

Highest vs. lowest

Trend .
categories

Trend

Grain
Whole grain
Rye
Dark bread
Whole-grain breakfast cereal
Popcorn
Cooked oatmeal
Brown rice
.Wheat germ
Bran
Other whole grain
Refined grain
Refined grain from wheat
Refined/whole grain
Meat
Processed meat
Bacon
Hot dogs
Sausage etc.?
Red meat
Beef or lamb as MD
Pork as MD
Hamburgers
Beef, pork, or lamb as SW or XD
Pruit and vegetables
Vegetables
Fruit
Mature beans
Nuts
Peanut butter
Coffee
Decalleinated coffee
Tea
Dietary score?
Prudent pattern score®
Western pattern score?

== NN

HHHNNWHHHNNWHHHHHNNNNNHHDP‘NF—'!—'I—'HM)—IHH;DU»)

3
2 3

w

1 1
1

Pk

o e e

N~ NN

w»
[N

! Sausage, salami, bologna, other processed meats.

2The intakes of trans fat and cereal fber, the glycemic load, and the ratio of polyunsaturated fat lntake to saturated fat
intake were categorized into quintiles, Bach woman was assigned a score for each variable on the basis of her quintile of
intake (a higher score represented a lower risk), then the four scores were summed, and the total score was categorized into

quintiles,

® A dietary pattern characterized by high consumption of vegetables, legumes, fruit, whole grains, fish, and poultry,

A dietary pattern characterized by high consumption of red meat, processed meat, refined grains, French fries, high-fat
dalry products, sweets and desserts, high-sugar drinks, and eges.

Abbreviatlons: MD, main dish; SW, sandwich; XD, mixed dish.

be inappropriate to extrapolate these findings to people
in non-Western countries.

Specific types of dietary fat rather than total fat
appeared to play an important role in the development
of type 2 diabetes. While no appreciable association
between total fat and the risk of type 2 diabetes was
observed in any study, several studies found decreased
risk with vegetable fat and polyunsaturated fatty acid
and increased risk with trans fatty acid. As vegetable fat
consists of fats comroonly found in non-animal foods

including fruit, vegetable, grains, and nuts, it can be
considered that vegetable fat represents a combination
of several potentially healthful fat subtypes including
polyunsaturated and monounsaturated fatty acids (24).
An Inverse association between the ratio of polyunsatu-
rated to saturated fatty acid and the risk of type 2 diabe-
tes was also found in one study. Thus, consuming a diet
high in unsaturated fats (such as those in natural vege-
table oils, nuts, and seeds) and low in saturated fat
(such as those in animal products) and trans fat (such
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as those in vegetable shortening and hard margarine)
could have substantial benefits for type 2 diabetes (4).
Because there are some studies neither supporting nor
denying this possibility, however, more research must
be done on the relation between fat and type 2 diabetes.

Soluble fiber causes the slow absorption and diges-
tion of carbohydrates that leads to a reduced demand
for insulin (41), and insoluble fiber shortens the intesti-
nal transit, allowing less time for carbohydrates to be
absorbed (42); thus, dietary fiber is one nufrient that
may provide protection against type 2 diabetes. A bene-
ficial effect of dietary fiber was found in several studies.
In particular, cereal fiber appeared to be more effective
for the prevention of type 2 diabetes thaun fibers derived
from other foods. Therefore, it may be recommended to
increase the intake of dietary fiber, especially that
derived from cereal products, for the prevention of the
disease. R

Magnesium is' an important component of many
unprocessed foods including whole grains and nuts
(43),-and is a cofactor for several enzymes critical for
glucose metabolism (44). Several studies found an
inverse association between magnesium and type 2 dia-
betes, while no report indicated an increased risk fcom
magnesium intake, A particularly beneficial effect of
magnesium was observed in two large cohort studies
where diet was assessed multiple times during follow-up
{(14); therefore, further research should be undertaken
to gather stronger evidence.

The relation between caffeine, which is abundant in
coffee, and the risk of type 2 diabetes was investigated in
only two studies where a beneficial effect of caffeine was
indicated. Caffeine is a strong stimulant of pancreatic
beta cells (45), which may be beneficial for people at
risk of type 2 diabetes who usually have impaired insu-
lin secretion (46). Additionally, the thermogenic effect
of caffeine may increase energy expenditure, which
may facilitate weight reduction and maintenance (47).
As only a limited number of studies are available at
present, further investigation is needed before drawing
a firm conclusion.

Type 2 diabetes is a common manifestation of hemo-
chromatosis, a disease of massive iron overload (48); it
can be speculated that excessive iron stores may pro-
mote insulin resistance and lead to the development of
type 2 diabetes (20). Only two studies examined the
association between iron and risk of type 2 diabetes,
both of which showed that heme iron increased the risk
(no association was found between intakes of total irom,
non-heme iron. or iron from supplements and the inci-
dence of type 2 diabetes). In one study, however, heme
iron intake from red meat was positively associated with
the risk of type 2 diabetes while heme iron intake from
sources other than red meat was not associated with
the risk of the disease: therefore, the association be-
tween heme iron and type 2 diabetes may have been
confounded by other components of red meat intake
(20). Thus, more research is needed to identify heme
iron as a risk factor for type 2 diabetes. Moreover, even
after establishing heme iron as a risk factor for the dis-
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ease, applicatton of this finding to the prevention of type
2 diabetes should be carried out with caution, because
msufficient intake of iron (particularly heme iron) is a
risk factor for iron deficiency anemia (49).

Oxidative stress may contribute to the pathogenesis
of type 2 diabetes by increasing insulin resistance or
impairing insulin secretion (50); thus, dietary antioxi-
dants may have a protective effect against the develop-
ment of the disease by inhibiting the peroxidation chain
reactions (32). The relation between antioxidant vita-
mins and the risk of type 2 diabetes was investigated in
only two studies where beneficial effects of several
nutrients examined (vitamin B, a-tocopherol, y-taco-
pherol, B-tocotrienol, total carotenoid, and B-cryptox-
anthin) were found. Unfortunately, the number of sub-
jects examined in these two studies was relatively small
(n=895, 4,304); therefore, more research is required
before drawing a firm conclusion.

Dietary carbohydrate may be associated with the
development of type 2 diabetes by affecting blood glu-
cose and insulin concentration (23). However, no study
investigating the association between total carbohy-
drate and the risk of type 2 diabetes found a clear asso-
ciation, while both glycemic index and glycemic load
were positively related to the risk of type 2 diabetes in
several studies. Additionally, while beliels that added
sugar, primarily sucrose, should be avoided and that
naturally 6ccurring sugars should be restricted in the
diabetic diet are prevalent (29), the results of two stud-
ies on sugar and type 2 diabetes were not consistent,
and in fact, only one of the two studies showed that glu-
cose and fructose were positively related and sucrose
was inversely related to the risk of type 2 diabetes.
Although a firm conclusion should be drawn after the
accumulation of more findings, it is suggested that
dietary sugar, if consumed within a normal range of
quantity, may not be associated with the risk of type 2
diabetes. However, it should be emphasized that only
moderate sugar intake should be incorporated within
the boundaries of acceptable energy intake in a well-
balanced diet because excesslve sugar may not only
cause an excessive energy intake, but also adversely
affect the entire dietary balance (for instance, by reduc-
ing frult consumption and main meals) (29).

Although several studies assessed the effect of energy
intake on the risk of type 2 diabetes, no study indicated
a clear association. These results may be partly
accounted for by the fact that accurate assessment of
energy intake is quite challenging in dietary surveys
(51). In fact, many studies have indicated that over-
weight and obesity are the most important risk factor
for type 2 diabetes (52, 53); therefore, an excess of
energy intake, which may cause a positive lmbalance of
energy metabolism, can be considered a risk factor of
type 2 diabetes.

An inverse association between consumption of grain
(particularly whole grain) and the development of type
2 diabetes was observed in several studies (no study
found a positive association). Whole-grain products are
a good source of several vitamins, minerals, and fiber,
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which may contribute to the inverse assoclation be-
tween whole-grain intake and the disease (17). Pur-
thermore, one study indicated a positive correlation
between the ratio of refined grain to whole grain and
the risk of type 2 diabetes. Thus, it can be considered
that substituting whole grain for refined grain may
reduce the risk of type 2 diabetes.

Five out of eight analyses supported a beneficial effect
of coffee on the development of type 2 diabetes, while no
analysis found an adverse effect. However, higher con-
sumption of coffee may adversely affect health in other
aspects. For instance, some cohort studies have shown
an increased risk of coronary heart disease in heavy
coffee drinkers (54-56), although in others no increase
in risk has been found (57-59). Additionally, the bio-
logical mechanism behind the inverse association
between coffee and the risk of the disease is unknown
(37). Thus, even if a beneficial effect of coffee against
type 2 diabetes is established, increased coffee intake
should be recommended only with caution.

While' findings regarding total meat and red meat
were not consistent, higher consumption of processed
meat consistently increased the risk of type 2 diabetes in
two studies that explored this issue. This positive associ-
ation,was largely independent of not only the intake of
nuirients associated with processed meat, but also the
Western pattern, which was characterized by high
intakes of red and processed meat and which has been
associated with diabetes risk. The increased risk by pro-
cessed meat, therefore, may be due to the components
of processed meat such as nitrites and advanced glyca-
tion end-products typically administered or developed
in processing and preparation (35). However, as only a
few studles have investigated this issue, confirmation
from other studies is needed.

Nuts are high in nutrients that may decrease the risk
of type 2 diabetes such as polyunsaturated fatty acid,
dietary fiber, and magnesium, and may be beneficial for
glucose and insulin homeostasis (13). Only one study
investigated the assoclation between nut consumption
and the risk of type 2 diabetes where a beneficial effect
of nuts was found. Higher nut consumption may lead to
more weight gain because of high fat content, but no
association between nut consumption and weight
change was found in this study (13). Additionally,
although one may speculate that frequent nut con-
sumption results in increased risk of coronary heart dis-
ease because of its high fat content, several cohort stud-
ies have consistently indicated an inverse association
between nuts and the risk of the disease (60-62). The
establishment of the beneficial effect of nuts may make
it possible to recornmend regular nut consumption as a
replacement for refined grain products or red or pro-
cessed meats that may increase the risk of chronic dis-
ease (13). Thus, further investigation is warranted.

Fruits, vegetables, and beans are good sources of
dietary fiber, minerals such as magnesium, and antioxi-
dant nutrients such as carotenoids, which may lower
the risk of developing diabetes (26). Only a small num-
ber of studies examined the relation of these foods to
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type 2 diabetes, and only one of eight analyses showed a
beneficial effect (fruits and vegetables). Since an ade-
quate intake of fruits and vegetables appears to lower
the risks of mortality from cancer (63) and cardiovascu-
lar disease (64), the relation of fruits and vegetables
with type 2 diabetes should be further investigated,

Although many studies have focused on the role of
single nutrients, foods, or food groups in disease preven-
tion or promotion, recent evidence suggests that there
are health benefits from food patterns that include mix-
tures of food containing multiple nutrients and nonnu-
trients (65), While this approach makes it difficult to
elucidate the mechanisms through which the diet com-
position affects a particular health outcome, it does rep-
resent a practical approach to making realistic nutri-
tion recommendations for improving health (65). For
type 2 diabetes, a diet low in trans fatty acid intake and
glycemic load and high in cereal fiber intake and the
ratio of polyunsaturated to saturated fatty acid appear-
ed to decrease the risk of type 2 diabetes (in one study),
while a diet high in consumption of red meat, processed
meat, refined grain, French fries, high-fat dairy prod-
ucts, sweets and desserts, high-sugar drinks, and eggs
appeared to increase the risk (in one study).

In the present paper, as the literature search was lim-
ited to only one database MEDLINE (PubMed) with a
manual check of the reference lists of included papers,
articles appearing in the journals that were not in-
cluded in the MEDLINE and/or written in languages
other than English have not been identified. Addition-
ally, research with a negative result may likely be
unpublished (publication bias). Furthermore, we exam-
ined only 15 individual cohort studies since we consid-
ered as research appropriate for the present study only
highly reliable studies that included, for example, quan-
titative dietary assessment, clear definition of the inci-
dence of diabetes, and adjustment using known factors
associated with diabetes. Thus, one may speculate that
it would have been better to examine a greater number
of studies by broadening the inclusion criteria. Given
the difficulties of dietary assessment, however, it may
not be worth referring to studies in which ag insuffi-
ciently accurate dietary assessment method is used.
From this point of view, the findings from the studies
examined here may be as reliable as possible,

It may be interesting to conduct a meta-analysis.
However, our review showed that there are relatively a
limited number of cohort studies (one to eight studies
for each dietary factor). Additionally, a reliable meta-
analysis requires the homogeneity of subjects examined
and methods used, which has not necessarily been met
in the existing research. Thus, we consider that it is too
early to conduct a meta-analysis of cohort studies on
diet and diabetes,

When comparing and/or summarizing the results of
several studies, the differences among studies of sub-
jects examined and methods used should be taken into
account. As diabetes is a disease the incldence of which
is difficult to define, various methods were used to
define the incidence of type 2 diabetes in the 15 studies
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examined in the present paper. While oral glucose toler-
ance testing (=11.1 mmol/L (200 mg/dL)) (study 7) or
fasting blood glucose level (=7,0 mmol/L (126 mg/dL))
(studies 4 and 14} was used in the several relatively
small studies, three studies in Finland (studies 10, 11,
and 15) used a nationwide register because in Finland
all diabetic persons needing drug therapy are entitled to
reimbursement of drug costs. Other studies used docu-
ments such as death certificate (studies 1 and 6) or
questionnaire (the definition of NDDG (38) and WHO
(39) (=7.8 mmol/L (140 mg/dL)) (studies 2, 3, and
13), the definition of ADA (40) (7.0 mmol/L (126
mg/dL)) (study 9), or self-reports of symptom and use of
drugs (studies 5 and 8)). The questionnaire used in
studies 2, 3, and 13 and that used in study 9 showed
good validity (97-98% of the self-reported diabetes
cases using a questionnaire were confirmed by medical
record review), while diabetes tended to be overreported
by the questionnaire used in study 5 (only 64% of sub-
jects who reported diabetes in the guestionnaire were
confirmed as being diabetic by their physician) and the
validity of the questionnaire for diabetes was not indi-
cated in study 8. Such differences in the definition and
the method used to identify a case of diabetes may have
influenced the results on the association between
dietary factors and the risk of type 2 diabetes.

Dietary assessment methods also varied among stud-
ies. In most of the studies examined, relatively accurate
methods such as validated self-administered question-
naire (studies 2, 3, 5, 8, 9, and 13), validated food fre-
quency interview {studies 4 and 7), and diet history
interview (study 10) were applied. However, several
studies used less accurate methods such as non-vali-
dated questionnaire (studies 1, 11, 12, 14, and 15) and
one 24-h recall (study 6). The difference in the dietary
assessment method used may also have some impact on
the results of diet and diabetes association.

As mentioned previously, relatively accurate dietary
assessment instruments were applied in many studies
exarined in the present paper. Unfortunately, the
underestimation of energy intake is a serious problem
in dietary surveys. In particular, evidence suggests that
obese subjects are likely to underestimate energy intake
to a large extent (66). If all foods and nutrients were
underestimated to the same degree when energy intake
was underestimated, however, the solution would be
relatively simple because techniques such as energy
adjustment should improve food and nutrition intake
estimates (67-69). If, on the other hand, certain types
of foods and nuirients are selectively underestimated,
the methods of energy adjustment cannot solve all the
problems (67-69). Actually, several studies where the
accuracy of reported energy intale was assessed against
the total energy expenditure measured by the doubly
labeled water method (the gold standard for measuring
energy intake) have found that the percentage of energy
intake from fat decreased and the percentage of energy
intake from protein increased as energy intake underes-
timation increased, suggesting selective underestima-
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tion of fat intake and selective overestimation of protein
intake (70, 71). Additionally, in some studies using not
only the total energy expenditure measured by the dou-
bly labeled water method but also using the 24-h uri-
nary nitrogen excretton (the gold standard for protein
intake), the magnitude of underestimation of energy
intake was greater than that of protein intake, indicat-
ing selective underestimation of other energy-yielding
nutrients (fat, carbohydrate, and alcohol) (72, 73).
Moreover, a similar finding was observed in a study
using total energy expenditure estimated by body com-
position and self-reported physical activity and 24-h
urinary nitrogen excretion (74). Although this problem
has not been given sufficient attention in nutritional
epidemiology (69), selective underestimation of dietary
intake may generate misleading conclusions with
regard to diet and health relationships. Therefore,
although differential underestimation of specific foods
and nutrients is quite difficult to investigate, further
research on this issue is needed.

Very recently, the associations of diet and nutrition to
the risk of type 2 diabetes have been reviewed and sum-
marized (75). In that review, non-starch polysaccharide
(which is identical with dietary fiber in practice) was
considered to ‘probably’ decrease the risk of the disease,
which was consistent with the finding obtained in the
present paper. An apparently different conclusion from
ours, however, was drawn regarding saturated fats,
which were regarded as a ‘probable’ risk factor in that
review. In the present paper, however, several studies
found an increased risk from processed meat, which
was not only high in saturated fat but also frequently
consumed in normal life. Thus, although it may be diffi-
cult to draw a firm conclusion as to whether saturated
fat directly influences the development of type 2 diabe-
tes, our finding is similar to the summary of the review
in terms of an increased risk from foods high in satu-
rated fat. Although beneficlal or adverse effects of sev-
eral other nutrients/foods are indicated at lower levels
of evidence (‘possible’ or ‘insufficient’), some of which
are consistent with the findings in the present paper,
further research is needed to corroborate the data.

As a result of systematically reviewing relatively reli-
able cohort studies on the association between dietary
factors and the risk of type 2 diabetes, the following
findings may be considered as low-to-medium level evi-
dence: for nutrients, decreased risk with vegetable fat,
polyunsaturated fatty acid, dietary fiber (particularly
cereal fiber), magnesium, and caffeine, and increased
risk with trans fatty acid and heme iron; for foods and
food groups, decreased risk with grain (particularly
whole grain) and coffee, and increased risk with pro-
cessed meat, However, these conclusions depend on the
findings of studies conducted in Western countries, sug-
gesting that the application of the findings to people in
other countries may not be appropriate. Additionally, as
findings from only a limited number of cohort studies
are available, more research with a prospective design is
needed particularly from other than Western countries.
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