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Classification of carbohydrates Function @ o<

Classification of dietary carbohydrates

s sutgup Pl onpens o Your brain and nervous system utilize carboh
Sugars (1-2) Monosaccharides Glucose, fructose, galactose yd rates for energy
Disaccharides Sucrase, laclose, mallose, liehalose .
Polyols (sugar alcohol) Sorbitel, mannito, acttl, syl enythrto, somat, maitil o CarbOhydrateS are broken down into a molec
Freasges N atted ook cook, o corsne ule called glucose, which is either used for en
sugrs naturally present in honey, syrups, and It juices
Oligosaccharides (39)  Malto-digosaccharides (a glucans) Maltodextring ergy or Stored for Iater use.
Non-a glucan Raffinose, stachyose, fructo and galacto oligosaccharides, polydextrose, inulin (] S'mple Sugars are broken down qu'ckly, prod
Polysaccharides (»10)  Starch (a glucans) Amylose, amylopectin, modiied slarches UCIng a rapld Increase |n b|00d sugar |eve|S
Non-slarch polysaccharides Cellulase, hericellulose, pectin, arabinaxylans, B glucan, glucomannans, plan! guris and
clages ol o In contrast, complex carbohydrates take long
*Dagree of polymerisation or number of monomeric (single sugar) units in brackets. er to break down and process |n the body beC

Adapled from references 13 and 14,

ause of their structure.
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Sugar Intake and Health

* Lipogenesis

* Obesity

* Metabolic syndrome

* Diabetes

* Hypertension

* Cardiovascular disease
* Cavity

* Dementia

Fructose metabolism
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AcetyiCo-A
e AN
14 \
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Luc Tappy et al. Physiol Rev 2010;90:23-46

Lipogenesis

PKCe

o™

T - Ac-CoA—»> —= Acyl-CoA
-

TRENDS in Endocrinology & Motabotksm

Figure 1. Schematic of fructose induced hepatic lipogenesis. Fructose promotes
lipogenasis by inhibiting PDK and (b) stimulating
increases in SREBP1c transcription mediated by PGC1E and XBP1 s. SREBP1c can
increase its own transcription as _well as regulating _expression of enzymes
involved in lipogen FEn T D1
destaurates fatty acyl-CoA to produce monounstaturated fotty acids such as
Sleyl-Com, which might slso work to incresse SACOPic expression. fd) The
accumulation of DAGS activate PKCe, which then intersferes with ingulin signaling.

leading to hepatic insulin resistance.

(2) increasing PDH activity b

Varman T. Samuel et al. Trends in Met 2011,22(2):60-65

Dietary sugar and body weight

Dietary sugars and body weight: systematic review
and meta-analyses of randomised controlled trials and
cohort studies
Study Log Standard 0dds ratio Weight Odds ratio
(odds ratio)  eror (95% CI) (%) (95%C1)

Dubois 2007 ()™ 0.77 0.32
Lim2009 (2 031 0.12

—— 63 21611510407
—B— 5 137008t17e)
Ludwig 2001 (3% 0,39 0.44 L 35 148(0.6310347)
Weijs 2011 (4% 0.61 0.24 ———= 115 1.84(1.1610292)
Welsh 2005 (5" 0.26 0.25 —a—— 107 1.30(0.80t02.11)
Welsh 2005 6] 0.59 0.24 ——— == 112 1.80(1.12t02.89)
Welsh 2005 (71 0.59 0.23 —— %= 121 1.80(1.14102.84)
Total (95% CI) —— 1000 1,55 (13210 1.82)
Test for heterogeneity: t*=0.00, 05 07 1 1.5 )

3'=3.93, df=g, P=0.69, '=0% Lower S5B Higher S5B
Test for averall effect: z=5.42, P0.001

Jim Mann et al. BMJ 2012;345:67492

Changes in diet and lifestyle

& long-term weight gain: cohort
[l NHS [women) M
MO NHS Il (women) d Long-

B HPES ey pd Men

Foods

Potato chips

Potatoes or fries

Processed meats

oy

‘Weight Change Associated with Each Increased

Fruits Daily Serving, per 4-Vear Pericd (Ib]

Yogurt

Unprocessed red meats
Butter !
Sweets and desserts ages }
Refined grains Juice el
Cheese = L =
Vegetables = e L
Nuts I:-— [ d
Whale grains = 10 05 00 05 10 15 20 2§
z:
e

arian et al. N Engl J Med 2011;364:2392-404

Consuming fructose-sweetened, not
glucose-sweetened, beverages
increases visceral adiposity
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Kimber L. Stanhope et al. J. Clin. Invest. 2009;119:1322-1334
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Sugar-Sweetened Beverage Sugar-Sv;‘eetened Beverage
& Metabolic Syndrome Diabetes
B A
| Montanen, 2007 | : .
B ‘ . Paynter Men, 2006 ' -
Hletticton; 2009 == Paynter Women, 2006 =
Schulze, 2004 ™ o
Dhingra, 2007 '* . =
Palmer, 2008 "7
» Bazzana, 2008 *
Litkeyee003= Odegaard, 2010 ¢ =
Nettleton, 2009 "' " N
de Koning, 2010* E
1.20(1.02-1.42) e
Combined 2 — 1.26 (L.12-1.41)
- R Combined )
0.8 1 1.2 1.4 16 ombine .
RR 0.626039 1 2 3
RR
Vasanti S. Malik et al. DIABEET CARE. 2010;33(11):2477-2483) Vasanti S. Malik et al. Diabetes Care 2010;33(11):2477-2483

Sweetened beverage intake &
the risk of Cardiovascular Disease
in women

Total Fructose Intake & Hypertension

isks and 93% CIs for sugar-sweetened beverage consumption and risk of coronary heart discase by consumption level (n = 88,520)
1.04 -
Consumption kevel
RR|=1.02
1.02 1 95%CT: (0.9, 1.04)
| RR = 1.00 <l/mo I-4mo 2-6lwk o <21 2d P for trend
;’: i Median intake (servings/d) 0 0l 04 12 26
E 0.08 No. of cases 883 m 119 pit 8
2 RR-0.97 Person-years TS84 404831 5,176 134933 52455
=096 05%CT-(0.95, 100) RR = 0.96 Aeeadjused 1 094(085,103)  LOS(099, 118)  1SI(30.175)  193(154,243) <001
95%CI:(0.93, 0.98) Mulivarisie-adjusted’ 1 097(088,107) 106097, 116)  L27(109,147)  139(LIL175) <0.001
094 1 Mulivarigte-adjuted + diet” 1 096 (087, 106) 104095, L14)  L23(L06. 143) 135107, 169) <0.01
0.92 - 95%CT- (092, 0.95) IAd!'u»u?d for ag i .\mokil.ig.|nch,1'fo\[,orrlfr.rl-nv cigarel 'un.\l-lht/d,li—li/t_l >25M, or missing)], alcohol intake (0, <5, 5-15, or =15
/d), family istory (yes or no), physical activity (quintiles), aspirin use (<1, 1-2, 3-8, 7-14, or 2 15/wk), menopausal status and postmenopausal hormone use
09 0 ; N ; _'1 ‘S % (premenopausal, never, past, or cuent hormone we), and history of hypertension and high blood cholesterol. Relative risks were computed from 4 Cox
- . proportional hazard model.
Quintiles

? Additionally adjusted for the Aternate Healthy Eating Index (quinles),

Viranda H. Jayalath et al. J Am Coll Nutr 2014;0(0):1-12 Teresa T. Fung et al. Am J Clin Nutr 2009;89:1037-1042

Sugar consumption and Cavity

ry Sugars Intake and Cardiovascular Health

Table 3. Strength of relationships between sugar exposure and caries development in the 36 studies that scored 55
A Scientific Statement From the American Heart Association or higher in evidence tables.
Reference
Rachel K. ,\,h,m,\ PRD, MPH, RD, Chair; Lawrence J. Appel, MD, \wu FAHA: Number Dentition Studied Study Design Quality Score_ Suengds of Relationship™
chac| Brands. PhD. FAHLA: Barbara V. Howand. PR, FA 2 Permanent Cross Sectional 0 Moderate
Michael |,_rcm~ PhD, FAHA: Robert H. Lustig. MD: Frank Sacks, \u) FAHA: i permanent Cross-sectional 2 ek
Lyn M. Steffen, PhDD, MPH, RD. FAHA: Judith Wylie-Rosett. EdD, RD; 18 Permanent Cohort o wear
on behalf of the American Heat Association Nutrition Committee of the Council on Nuition. 20 Permanent Cross Sectional 77 Weak
Physical Activity, and Metabolism and the Council on Epidemiclogy and Prevention 3 e oy 1) [ vt e Moee
23 Primary Cohort ) Moderate
the witing of 2 weeldwide pandemic of chesity and 25 Permanent Cross-Sectional 74 Moderate
o 2% Primary Cross-Sectional 63 Weak
29 Primary C t 72 Weak:
30 Primary Cohort 70 Strong
= exfackded = 32 Permancnt rosz-Sectional 55
i oﬂ Jr k; and ather pugar-sweetened] beversgas are the primary sour 31 Primary Cross-Sectional 58 Weak
Exce: i of sugars bus been linked with metsholic sbnormaliti=s ..nd m:m heslth conditicns, 33 Primmary Cross-Sectional o Moderate
= well m xhnf.nl\s-nfm.vcnll.] rmisients. Allbough sl EH Permanent Cross-Sectional 7 Moderate
E 39 Permanent Cross-Sectional 63 Moderate
that a higher inta 40 rimary Cross-Sectional 67
se'\n.] nutrients. 46 Permanent hort 67 Moderate
a8 Permanent Cross-Sectional 68 Weak
49 Permanent Cross-Sectional 55 Weak
50 Permanent Cross-Sectional 72 Weak
- A pradest upper 51 Permanent Cross-Sectional 64 Jeal
i more than 100 52 Primary Cohort 70 Moderate
 day and for most American men is no more than 150 calosies per day from added sugars. (Cinralation. 2009; 53 Primary Cohort 60 Modecrate
m e 54 Primary Cross-Sectional 58 Moderate
56 Permanen (Robt Caries) Cross-sectional o moderate
" . . cardiovasculs carbl 60 Permanent Cross-Sectional 65 Strong
Key Wards: AHA Scientific huu:m:m: ;d:.hn-dmh lar dliei.u:‘i. !d.uh.h)nlms. dictary m dict w beverages o Privaary Cohort 23 Moderste
= e vemages - 65 Permanent Cohort 75 ‘Weak
66 Primary Cross-Sectional 60 Moderate
— 71 Primary Cross-Sectional se Moderate
AMASDBALS 9o 73 Permanent Cross-Sectional s9 Weak
SoiMe = . 74 Permanent ohort 66 Weak
=2 o 3 A= 78 Primary Cohort 71 Moderate
ul= o1& 2 sl 100 kcal A= % Frmay Eohon @ e
150kcal 0|2F M 5| 5HA| 012 HZGHC]. + Strong 1 OR (or RR)=2.5 or more; Moderate: OR (o RR)=1.5 — 2.4; Weak: OR (or RR) = 1.4 o less.
Rachel K. Johnson et al. Circulation 2009;120(11):1011-1020| Brian A. Burt et al. J Dent Educ_2001;65(10):1017-1023
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Fruit intake and risk of death:
England data

Table 4 Association between portions of fruit or of vegetables consumed and risk of death, from all causes unless specified

Portions of fruit consumed in the previous day HRs (95% CI)

Model 0-<1* 1-<22 -3 3-<4 4+
Number of participants 3248 17862 14727 9304 1103

Deaths 1574 g 767 452 165

Model 1+ 1 086 (0.7910093) 082(075100.89) 0.75(067100.83)  0.73 (06610 081)
Model 2¢ 1 091 (08410099) 090 (082100.98)  0.84(076100.93)  0.86 (07710 0.96)
Model 3§1: Model 2 Cancer deaths only 1 09908610114 098 (08410114 085070t 1.11) 093 (0.77to1.1)
Model 4: Model 2 CVD deaths only 1 090 (0.78101.03) 087076 101.01) 091 (07610 1.08)  0.82 (06810 0.98)
Model 5: Model 2, excluding deaths within a year 1 091 (08310099) 090 (082100.99) 083 (074100.93)  0.87 (07810097)
Model 6:5 Model 2, non-smokers only 1 0908410110  094(082101.09 078(06510.93) 0.6 (0.73t01.01)

*Reference category.

Model 1: Adused for ag, sx,socalclss, cigarette smoking and BMI

4Model 2: Adusied fo age sx, socialclss, cigarette smaking, BM, physicalactivity, eccaton, alcohol intake and mutually adjustd for portions of vegetablespotions of fit consumed.
ducation and lcohol inteke vere not significent an therefore not icluded in this moel

The number of portiors of fuit consumed was not significanty assocate with mortalty in this model.

VD, cadiovasculr isease.

Oyebode O. et al. J Epidemiol Commun H 2014;68:856-862|

Various fruit intake and risk of death:
England dataxerportion
adjusted for age,
sex, social
: class, cigarette
:{ilj{uz:g(f)gmn smoléing, BMI and
age, sex, social class, all gther
Type of fruit cigarette smoking and fruit and vegetable
or vegetable BMI pValue  variables p Value
Vegetables 0.84 (0.81 t0 0.88) <0.001 0.85(0.81 to0 0.89) <0.001
Salad 0.87 (0.82 t0 0.92) <0.001 0.87(0.82 t0 0.92) <0.001
Vegetables in composites  0.92 (0.82 to 1.02) 010 0.92(0.82101.02) 0.10
Pulses 0.95 (0.88 to 1.03) 020 0.95(0.88101.03) 0.20
Fresh Fruit 0.96 (0.95 t0 0.98) <0.001  0.96 (0.95 0 0.98) <0.001
Dried fruit 0.91 (0.84 t0 0.99) 0.03 0.91(0.84 10 0.99)  0.03
Fruit in composites 0.93 (0.84 to 1.03) 017 0.93(084101.03) 0.17
Fruit juice 0.97 (0.91 to 1.04) 040 0.97(091101.04) 0.40
Frozen/canned fruit 1.17 (1.07 to 1.28) 0.001 1.17(1.07 t0 1.28)  0.001

Oyebode O. etal . J Epidemiol Commun H 2014,68:856-863

Whole fruit intakes and type2 diabetes

| Pooled hazard ratios (95% confidence intervals) of type 2 diabetes for total whole fruit consumption in Nurses’ Health Study,
MNurses' Health Study I, and Health Professionals Follow-up Study

levels P values
< 56 For
Variables servingsiweek servingsiweek  1servingiday 2 servingsiday 3 servingsiday Lineartrend® Fortrend heterogeneity
Nurses' Health 47894121 523105022 1141237302 2068459062 2148498620
Studyt
Adjusted hazard 100 083(082t01.06) 0.85(0.77100.87) 0.81 (0.72100.91) 0.62(07210082) 097 (08510
ratiof 099)
Murses'Heallh 995958762 620287918 718368180 59872950904 222105347
Study it:
Adjusted hazard 100 086(077100.95) 0.84(0.76100.94) 0.88 (0.78100.98) 0.92(078101.08) 099 (096 to
ratiot 102)
Healn 21948762 23647865 ABZ107AT2 799189357 9511251047
Professionals
Follow-up Studyt
Adjusted hazard 100 140(091101.33) 1.07(0.90101.27) 0.98 (083101.17) 0.99 (08210 1.19) 098 (08510
ratiof 101)
Pooled resultst§ 100 091(085100.99) 0.83(0.82100.95) 0.87 (061100.94) 0.63(05110096) 098(09610  0.002 048

0.99)
“Estimated based on every three senvingsweek increment

fCasesiperson years of obsorvation.

Adiusted for age (years), ehricily (white, Arcan-American, Hispanic, or Asian), body mass index (<23, 23.0.249, 25.0.26.5, 270285, 20.0.30.9, 31,032,
32.0349,35.0.36.9, 37.0-36.9, 39.0-40.8,41.0-42.9, 43.0-44.9, 245.0, or missing), smoking status (never, lormer, current (1-14, 15-24, or 225 cigarettes/day),
or missing), multitamin use (yes o o), physical activty (<3, 3.0.8.9, 9.0-17.9, 18.0-26.9, 227.0 MET (metabolic equivalent of task) hoursiwask, or missing).

use), or missing,for women), oal conlraceptive use (4es, 10, o missing, for Nurses' Health Study I total energy intake (kcaliday), i juics consumption (<1, 1,

sstdy

JoAnn E Manson et al. BMJ 2013,347:f5001|

Relative risk of type 2 diobetes

Pooled multivariate adjusted hazard ratios and 95% confidence intervals (error
bars) of type 2 diabetes for substituting three servings/week of total or specific f
ruit for the same amount of fruit juice
JoAnn E Manson et al. BMJ 2013;347:75001]

Sugar-Sweetened Beverages, Weight Gain,
and Incidence of Type 2 Diabetes
in Young and Middle-Aged Women

Table 3. Relative Risk of Type 2 Diabetes According to Frequencies of Sugar-Sweetened Beverage C in 91243 Women
Sugar-Sweetened Soft Drink Intake
T | P Value
<t/mo 1-4imo 2:8hk =tid for Trend
Al -sweetaned soft drirks
s 68 & % 5
Person-years 1275 1
sted AR [95% C) 1.00 0.3 {0.78-1.12) a2 ) 2.44)
ustedt AR (5% CI] 1.00 105 D87 128 140 (116 1.81) 183 [1.42 2.36)
ened oda
408 142 %5 100
mars 420508 166656 53267
sted R [95% CI] 100 0.82 D.76-1.12) A8 (1 16-1.81] 214 [1.12-267)
ustedt AR 95 1.00 0.0 080123 166121 2.02) 187
&8
124002
0.8 0.73-124)
000 068 1.18)

Schulze MB, et al. JAMA 2004: 292:297-934

WHO Guideline

ﬂ WHO current recommendation from 2002 : sugars \
should make up less than 10% of total energy intake per
day

+ The new draft guideline : sugars should be less than 10%
of total energy intake per day. It further suggests that a
reduction to below 5% of total energy intake per day
would have additional benefits.

* Guidance on sugars intake is expected to be published in

\_ late 2014. /
\ oo /
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Sugar intake status in Korea >

Food categories contributing to sugar
consumption through processed foods
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People who intake more than 10% of total
energy by WHO guideline
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childhood and adolescence obesity
by sex in Korea

(%) 2ol P2 H[ul Fo]
20
B 137
134
108 1 107
o sy it
-=-%{%}
s % 86 83 83
73 75 72
5
(o]
o1 ‘05 ‘07 et} ‘09 10 m 2

2012 FUHGFGSEN LG Y YL FH (2~ 184])

Conclusion
v B JtZAZEc 2 HE M2 XF

<
=

2 224 E : Good, but not too much

v UUETAIHI & ME SN JMEH!

g@@
KY

26






