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Introduction
This study investigates the impact increasing levels of high fructose corn syrup (HFCS) consumption has on cholesterol,
triglycerides, and weight in healthy, young men and women.

Conclusions

HFCS with normal diet, leading to likely weight gain, increases LDL, non-HDL cholesterol, and
triglycerides.

HFCS seems to negatively affect (increasing cholesterol, triglycerides) men more than women.

Amendments

Study Design & Additional Information

The researchers recruited 85 participants, roughly equal number of healthy, young (24-28
years) men and women, and purposefully put them into groups of equal health, weight,
etc. (so, this study was not randomized). They were then given one drink per meal, for 2
weeks, that contained 0% high fructose corn syrup (HFCS-55), so this group consumed
no HFCS; another group received drinks with 10% HFCS; another group received 17.5%
HFCS; and the final group received drinks with 25% HFCS. They were told to maintain
their diet, but cut out all other sugary drinks (juice, soda, etc.). Blood was taken in the first
three days of the study, as well as in the final three days of the study (with meals
controlled, supplied in those total 6 days, as determined by a calorie calculator). Blood
was taken before consuming food (fasted), as well as 30 and 60 minutes after eating food
(post prandial).
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ABSTRACT
Buckground: National Health and Nutrition Examination Survey
data show an increased risk of candiovascular disease (CVD) mar.
Lality with an incressed intake of sdded sugar,
bjective: We d A the poise effects of 2
beverages sweetened with high-fructose com syrup (HFCS) at zero.
low, mediuny, and high proportions of energy requirements (Ereg)
on cireulating lipsddlipoprodein sk factars far CVI and uric acid in
adults [age: 1840 y; body mass index {in kgim 'k 18-35],
Design: We conducied o parllel-arm, noarandomized, double-

blinded intervention study

Panticipants then consumed beverages swoetened with HECS an (6%
Gaspantanmse sweetened, m= 230, 105 On = 183, 17.3% (1 = 16), o 28%
i = 28 of Ereq during 13 ouspatient days and during
ddays of imervention testing ar the research cemer. We
serial blood collecsions during the baseline and intervension esting

periads,
Results: Consuming beverages containing 10%, 17.5%, ar 25%
Ereq from HFCS produced significant linear dose-response in-
creases of lipidlipapeatein risk factors foe OV and uric acid: past

&
=002 = DT 0%
159 = 0,08 mpidl., & < D)
Compared with heverages containing 0% HFCS, all 3 doses of
HFCS-containing heveruges increased concentrations of postprn-
diul triglyceride, and the 2 higher duses increased fasting andior
of non-HDL cholesterol, LOL choles
terol, spolipoprotein B, apolipoprotein CIL, and uric
Conclusions: Consaming beverages containing 106, | o 25%
Erey from HFCS produced dose-dependent increases in circulating
lipsdflipoprotein risk factors for CVD and wric ocid within 2 wk

INTRODUCTION

Considerable epidemisdogie evidence sugpests thal increased
intake of sdded sugars, sucrose andior high-fructose com syrup
(HFCS) or sugar-sweetenerd bevernges is ussocinted with dys-
lipidemin. cardiovascolar diseose (CVD), and metabolic syn-
drome {1k Recent evidence from Mational Health and Mutrition
Examination Survey 111 suggests that the higher the imake of
aikded sugar, the greater the risk (21, The adjusted HRs of CVD
murtality across quintiles of percentage of duily calories con
sumed from added s fquingile |2 (-9.59%; quintile 2: 9.6
13.09%; quintile 3: 13,1-16,69%; quintile 4: 16,7-21.29%;
quintile 1.3% of daily calories) wene |00 (reference) for
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These resulis provide mechanistic suppant for the ep e v
idence that the risk of cardiovascular martality is positively associ-
ated with consamption of incrensing amourts of added sugars, This
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quintilc 1. LO7 (95% CI: 1.02-1.12) for quintle 2, 1.18 (95%

© LO6-1.31) for quintile 3, 1. ! —1.70) for
qmnulc 4, and 203 (95% CL 126—32?] for quintile 5 (# =
OHM: no= 117330 (2) These data suggest that the averape
amwant of added sugar consumption in the United States, ~ 13-
14% of daily calories for adults 20-60 ¥ of uge (31 and 16% for
children and adolescents (4), is associated with an [8% increase
in CVD mormality risk (20 However, investigators of a recent
dose-response s(ud) in wh|c|| ad libitum diets of men and
WOINEN Were i BiE, 18%,
or MFE energy requirement {I-_mq) I‘mm sucrose or HRCS for
1wk (5, B), hive reporied that consumption of added sugar
does not increase fasting cholesternl and LDL cholesteral {5)
and that there were no lefertnces between the 3 doses ofmgx
in 24-h ci and uric acid L3N
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25% Ereg-HFCS. Five subjects withdrew or were dismissed from
the study before the sam of the intervention for reasons that
included scheduling problems, new job, dissatisfaction with
inpatient meals, Gamily emergency, and personal anxiety. OF the
7 subjects whe participated in intervention, one (% group)
withdrew due 1o job-related conflict, one {109 group) was st o
Follow-up due to koss of contact, one (17.5% grouph withdrew due
o a family emergency, and 4 {25% group) did not complete the
study for other reasons [one withdrew due o back pain {one
Fasting intervention sample was colbected from this subject), one
withdrew duse o personal ansery, one was dismissed for medical
issates not apparent during screening, and one was dismissed for
illness {e.g.. Au-like symploms)]. A sensitivity analysis was
conducted. which demonstrated that the higher number of

We have conducted a dose-response study in which the ad li-
B diets of young men and women were supplemented witl
HFCS-sweetened  beverages for 2wk Our objective was o
determine the dose-response effects of consuming of beveriges
providing 0%, 104, 17,5%, or 25% Freq from HFCS (Frog-
HFCS) on «i in risk
factars for CVID and uric acid.

METHODS
Participants in this study are  subgroup from an NIH-funded
mvempuun in which a lmal od' 187 pnmclpumx wﬂlpwd o 8
groups
investigation was o compare the m:wbo]w :ﬁm o(oonsummg
beverages comaining fructose, glucose, or HRCS at 25% Ereq.
and the results from the Gest 48 subjects o complete the study
protocol in these experimental groups (r = [6/group) have been
n.-punad i) The current article Feparts the resulls from 85

heveriges e 0% (= 23), 105
EN- IS 17.5% (n = 16] and 25% IJI-HJqufmm HFCS.
Participants, who were recruited through an Internet listing

icraigslisteom) and local postings of flvers, underwent telephone
and n-person iterviews with medscal history, complete blood
count, and serum biochemisary panel o asess eligibaliny. In-
clusion criteria included age 15-40 y and BMI 18-35 kg/m” with
a selforepont of stable body weight during the prior & months.
Exchusion criteria inchuded diabetes (fasting glucose =125 mg/dL).
evidence of renal or hepatic disease, fasting plasma trighyceride
=400 mgfdL, hypenension (= 1400%0 mm Hgl. hemoglobin
SRS pidl, and surgery Tor weight loss. Individuals who
simoked, habitally ingested =2 aleobolic beveragesd, exer-
cised =35 hiwk o |=v=l muore ng!sniux Ihzm w.ﬂkmg ar mee\!
thyroicl, lipid-1

tldwruir-am or welgm Ioﬁs memmmﬁ were alao ex(]nded

10 the ETOUPS was nob

by d:slgn the experimental groups were malchcd for m{ BMIL

inthe 25% group did ot influence the results (see
Supplemental Figure 1). A wial of 85 subjects completed the
dose-response study. The data from one subject (17.5% group)
were included in the fasting analyses bl not posiprandial
analyses becanse a family emergensy prevented completion of
the 24-h serial hlood collection during the intervention period,
The sample size calculution, hased on the fasting apolipeprotein
B tapoB) results generated during a previous study (), indicated
that 23 subjects per group would be sufficient w detect differ-
ences between the 25% Eneq and 065 Ereq groups. This number
was nol achieved inoall groups due o imsafficsent funding. The
larger number of subjects in the 25% group is due o additional
Funding (RO HL 107256 being obtained o conduct mechanistic
studies in participants from this group. The 28 participants whe
consumed 25% Ereq-HFCS included 16 panticipants whose
results were previeusly repored (7). A comparison of these 16
subjects with the 12 additional subjects in the 23% group is
provided in Supplemental Table 1 and reveals no dilTerences
in huseline parumeters and oulcome responses.

This wits & narallel toubile-blinded sty
with 3 pluuae: 11 a 3.5-d inpatient baseline period during which
subjects resided at the University of Califomia Davis Clinical
and Translational Science Center’s Clinical Research Center
{CCRC), consumed a s\andardwcd baseline diet, and partici-
pated in i 2y a 124 ient in-
tervention peried during which suliects consumed their assigned
sweetened bevernges providing 0% (aspartame sweetened) or
10%, 17.5%, or 25% Ereq-HFCS along with their wsual ad 1i-
bitum diets; and ) a 3.5-d inpatient intervention period during
which subjects resided at the CCRC and consumed standardized
diets that ancluded the sweetened beverages, and all experi-
mental procedures were repeated.

Inpatient dicts
During days 2 and 3 of the bascline and intervention inparient
pmods_ ‘.uh,ccls consumed energy-halanced meals consisting of

[as.ung igl
mﬂm..-mL and insulin in plasma collecied llmqg the in-peran
interviews.

For the 5 wk before study, subjects who were scheduled for
participation were asked o limit daily consumption of sugar-
containing beverages 10 no more than one B-0z serving of fruit
Juice and to discomtinue consumption of any vitamin, mincral.
dictary, or herbal wpplmn:ms Ninery-seven subjects were en-
rurlled in i i L L0, 17.5%, or
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I foods. Draily energy requirements were cabeulated
by the Mifllin uqualmn (90, with asdjustment of 1.3 tn.r.nunlyon
the days of the 24-h serial blood i 1.5
for the other days, The baseline diet comnined 55% Ereq mainly
as low-fiber complex corbohydrate {i.e.. white bread, white rice,
regular pasta), 3% from fat. and 15% from protein. The meals
during the inpatient intervention period included the assigned
atudy beverages and were as sdentical as possible 1o baseline
meals, excepl for the substitution of the sugas-sweetened
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bheverage in place of isocaloric Feomplex

The intervenion meals comained 19-20 g fiber/2000 keal fiber.
and the baselive meals contained 22 @ fiber 2000 keal, The
timing of inpatient meals and the energy distribution were as
Follows: break st (900 (25%); lunch, 13X (35% ) and dinner,
TR0 (40%:),

Study beverms and outpatient diet

HFCS beverages were ed with HECS-55
ilsosweet S50, 55% fructose, 45% glucose; Skidmone Sales and
Distributing), favored with an unsweetened drink mix (Kool
Aid; Kraft Ine.), A frait-flavored aspartame drink mix (Market
Pantry) was used to prepare the 0% Erexg-HFCS beverages and to
augment the sweemness of the 10% Ereq-HFCS bevernges, Par-
ticipants were blinded 10 their beverage assignment, as were all
CORC and sudy personnel who interacted with participants
or analveed samples. Visluntary feedback Trom pasticipants in-
dicated that they were unable 1o distinguish between beveruges
containing sspartame or HECS, The amount (grams) of beverage
provided was standordized among the 4 groups and based on
energy requirements [calculated with the Mifflin equation (%)
plus 1.3 sctivity adjustment]. Dusing the 12-d outpatient phase of
the sudy, pamicipants were instrected o drink one serving of
study beverage with each meal, 1o consisme their usual diet, and o
ot consume other sugar-sweetened beverages, inclading fruit
Juice, To moniter complionce of beverage consumption (10, 11}
the study beverages contained a biomarker (riboflaving that wos
mensured ffuorimerrically in urine samples collected an the times
of beverage pickup. Subjects were informed abour the biomarker
bt wiere oot provided information regarding its identiny. Fasting
wrinary ribollavin concentrations (Supplemental  Figare 2)
following 9 d and 13 d of unmenitored beverage consumplion
were nod different from those following one day of monitored
bevernge consumption at the CCRC, sugpesting good and
comparable compliance in all groups.

Procedures

STANHOFPE ET AL,

and uric acid concentrations were measured with a Polychem
Chemistry Analyzer (PolyMedCo Ine.) with reagents from
MedTest DX, The intra- and interassay CVs during the time
period when these measurements were conducted {2000-2014)
were as follows: triglyceride: 3.1%, T.6% (intra-ssy, inter-
alany] |UN| chalesteral; 2.3%, 4.4%; HDL du:llemml 305,

apoC[[I 2.0%. 6.5%: and wric acid: 1.9, 5.6%.

Ethics

The study was in with an
protecod that was approved by the UC Davis Institutional Review
Board, and participamts provided written informed consent,

Statistical analyses
The ahsolute change (4) at 2 wk of intervention compared
with the 0-wk baseline value for cach outcome was tested for
a dose-response trend in a general linear model (SAS 9.3; 5AS
Instinte), afjusted for sex, BMIL and cateome concentratsn
Jouteome| at baseline by using HECS dose (0%, 10%, 17.5%,
5% as @ contineous variable, Departures from linearity were
tested with polynomial ferms by using the same model, The
proportion of varianee explained by each covariate was calcu-
lated as follows: (type 111 sum of squaresicomected total sum of
sguares) #0100 (Supplemental Table 21 A secondary trend-
testing general lnear miodel that also incleded Abody weight as
a continuous covariste was conducted. The 4 for each cuteome
was alsn analyzed in o general linear model (SAS 9.3, adjusted
for sex. BMI and [outcome] at baseline. with HFCS-group (1, 2,
3. 4) n= a caregorical variable. This model allowed for testing of
outcomes that were significantly changed from baseline con-
centrations as least squares means of A different from zero and
identified significant differences between groups by Tukey's
multiple-comparisons test, The Anen-HDL cholesterol, LD
chodesterad, und apoll concentrations were further investigated
in the adjusted peneral linear maodel that included HFCS
dose (0%, IU% 17.5%, 25%) as a continvous variable and
lycerid TIL. and wric acid as coninuous

The 24-h serial blood (T were il 1 on the
third dary of the baseline (0 wk) and intervention {2 wk} inpatient
periods, Three fasting blood samples were collected at 0800,
OE30, and 0900 h. Twenty-nine postprandial blood samples were
collected at 30- 0 60-min intervals until 0800 the following
marming. Additienal G-ml blood samples were collected an e
fasting time points (U800, CE30, and (900 1) and also al the late-
evening time points (2200, 2300, and 2400 h). The additional
plasma from the 3 fasting samples was pooled, as was that from
the 3 late-cvening postprandial samples: multiple aliquots of each
posded sample were stored at —80°C. The plasma concentrations
of wiglyceride and uric acid were measured at all tme points

and caleulated for mean 24-h concentration and for 24-h
ALC by the adal method. The i ol non-
HDL apoli, o
tapaCI, and npnllpoprmem M were measured  during the
fasting and lox 2 posip period, These postpy

mensures were conducted on samples collected or pooled from
the 2200, 2300, and 2400 b tme pomu bcmsc this was the
period during which peak

covariates, singly and in combination. This model was also wsed
o test for rebations between Apostprandial tiglyceride, apoCIILL
and urie acid, Sixteen ouleomes were testied for nominal sig-
mificance (< (LO5) and notated when the effect of HFCSdose
did ot abtain a level of significance comected for 16 compar-
isons (P < 00031, Data presented in Tabbe 1 are means +
SDs: all ather data are means = SEs.

RESULTS

There were na significant differences between the 4 experi-
mental groups in ic or metabolic i}
bascline {Table 1)
Effect of HFCS-dose

The sutcome means at 0 wk and at the end of the 2-wk in-
tervention by group, as well as the P valses for the effects of
HFCS-dose, are presented in Table 2. The consumption of

tions weere observed in our previows study (8. Lipid, Bpoprotein,
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beverages %, 10%, 17.5%, and 253% Ereq-HFCS
produced positive dose-resporse effects thar did sl deviate
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TABLE 1

Discription af participants al baselime by HFCS content of heversge'

HFCS 0%

HFCS 1% HFCS 17.5% HFCS 25%

Menfwomen, &

i Hg

Fastisg insulin, pliml

Fastisg triglyceride. mgidl.
Fasting chrolesteral, mgidl
Fasting HIAL cholesteral,” mgidL.
HFCS provided in beverage, il

“Walucs are meass +
ZAN variables (eacep
AMOVA with HFCS-
"Energy regei
*iata fram menfaomen.

S HFCS, high-fructose com synp.

pegveiial vari
sculated by the Miflis eceatices with 1.5 adjustment Tor plysical activity.,

2 s al bepscline (peneral limar o]

significanly from linear in all oulcomses presented. All out-
conmes, except Abody weight, Tasting i erabe, and fasting
apoClll, retained significance afler comection for mulliple
comparisons (P < 0.0031), Supplemental Table 2 shows the
variance explained by HFCS-dose, sex, BMI, [outcome] at
haseline, and the complete model for each outcome. The 424-h
mean uric ackd concentration was the outcome most affected by
HFCS-dose {progortion of varance: 36%; P < (L001) and
Alasting riglyceride was the least aflected {proportion of vari-
ance: 6%; P = 0019). When tested in the general linear model
that inchuded adjustment for the Abady weight, the effect of
HFCS-dose remained significant for all sutcomes with the ex-
ception of fasting wriglyceride (Supplemental Table 3).

Effect of HFCS-group

The least squares means of each doutcome (2 wk minus 0 wk
with adjustment for sex, BMI, and [outcome] at haseline} are
presented in Figure 1A-D and labeled for significant effect of
HFCS-group and differences berween groups and from baseline
|significance notations in red indicae thet difference did not
retan afier fon for multiple
(< (L3 ). With the exception of Abody weight and fasting
triglyceride, all outcomes presented in Figure 1A-D were sig-
nificantly affected by HFCS-group, Compared with 0% Freq-
HFCS, consumption of bevernges containing 253% Ereq-HFCS
resulied in significamly higher concentrations of postprandial
pon-HDL chol A, LDL chaol L, and triglyceride, s well
as fasting and 24-h mean usic scid fall P < 00001, Tukey's
malliple-comparisons test); Tasting non-HDL-C and LDL and
postprandial apold and apoCH 2l P < 0001y fasting apol
(P < 0T and 24-h mean triglyeeride (P << 0.03), The changes
measured during consumption of 17% Ereq-HFCS were
significantly higher compared with those indvced by 0%
Ereq-HFCS for postprandial apoCIL (P < 0.001); postprandial
pon-HDL cholesterol and wighycerides, as well as 24-h mean
wrie acad Gall P 001 and fasting son-HDL cholestenol and
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uric acid, as well as postprandial LDL cholesterol and apoB {all
£ 00), Comsumption of the 105 Ereq-HFCS heverages,
which is comparhle to consuming slightly more than half of
2 12-0z (355 mL) can of soda (40 g sugaricany with each of the
3 major meals, increased concenrations of postprandial ri-
glyeeride compared with 0% Ereq-HFCS beverages (F < 0.03),
The increases of non—HDL choleserol, LDL cholesteral, apoB,
and 24-h mean ursc acid were larger in men than in women (# =
(25 — P = (U138, effect of sx; Supplemental Figure 34-0).
As shown in Figure 2A-D, consumption of HFCS nesubted in
increases. of wric acid concentrutions that were consistent
throughout the 24-h collection period within cach dose grosp,
The 24-h uric acid AUC was significamly increased in the 25%
group compared with both the 0% and 105 groups (Figure 2E).
The differential effects of HFCS compared with complex car-
bohydrae on 24-h circulating iriglycende concentrations (Fig-
wre 3 were most ced during the late-evening postprandial
period (Figure 100, HFCS consumption consistently resulied in
a third triglyeeride peak 4-6 h after dinner, wherens consump-
tion of 53% Ereq complex carbohydrate ar haseline or along
with aspartame-sweetened beverages did not (Figure 3a4-D).

Relutions between ouloomes

APostprandinl trighyceride, apoCIL and uric acid concentra-
tioms were tested in the adjusted general linear regression model
for their relation o each other (data not shown) and for their
potential contribations v Afasting and postprandial nen-HDL
chotesterel. LDL cholesterol, and apoB. The Auric scid was not
signilicantly relaed 1o dapeClL or pestpeandial trglyceride
fidata ot shown), The Apostprandial triglyceride and Afasting
or postprandial apoCT1 were highly comelated, especinlly
Apastprandial apoCI and A24-h mean triglyceride concentra-
tioms {data not shown ). The dpossprandial apaCIT was a highly
ficant covasiate {proportion of variance = 3%, P = 0.0001)
in the adjusted model westing the effects of HFCS dose on A24-h

mean trglyceride. and A24-h men triglyceride was an almost

Table 1

This is a table showing the baseline (pre-study beginning) values of the four groups being
compared. HFCS 0% is the group that consumed a beverage with aspartame, no high fructose
corn syrup (HFCS). HFCS 10% had a beverage with 10% HFCS. And so on...

Primary Results
- There are no significant differences between the four groups before the study begins.

: Before the study, all participants were even, which stands to reason as they
weren't randomized and were purposefully put into groups to be equal.
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TABLE 2

STANHOFPE ET AL,

Body weight and plassm concentrtions of risk factors before and 2 wk after consuming 0%, 10%, 17.5%, or 25% Ereq as

HIFCS-swewtoned beverages in young men sl women'

HFCS dose

Outcome O fp = 230 UM = 18} 1T5% fns 6] 25% (0= 25} Effect of dose’ (P value)

Body weight, kg
awk HEES S I (TR ana
2wk HE R T (TR

FST non-HIHL cholesterol. mgfdl
awk 10+ 5 118 + 6 <0l
2wk W75 126 +7

TF non-HIA cholesterod, mighdl.
awk 1 s IR LR <nol
2wk "o s 1 s 7 126 % 14+ 6

FST LI ehwdesteral, mptdl.
0wk L] L] xR xS <ol
Zwk LEE Y 6 £ nwr=an

PE LDL chalesteral, mgtdl.
awk S x4 =T x5 Ty
2wk B ] w7 105 + 6

FST apall, mgdl.
awk 45 04256 BRE L3 a0
2wk 5.1 T2 444 DD+ 4

PP sguib, mgdl.
0wk 620 = 16 653 F 30 ahil 49 653 * 34 =00l
2wk Hl5 =30 T E A TIT 24T T4+ 42

FST apolIl1, megrdl.
0wk 731 £ 052 463 * 065 HAE = 048 220+ .50 s’
2wk 725+ 047 BM 055 RSS 052 84082

PE ol mehdl.
awk 671+ 062 T 05K 748 =052 740 = 046 <0l
2wk 655+ 051 BI3 053 BAS =055 848 £ 055

FST wric acid, meklL
awh 4574027 427 £ 020 440403 4554022 <nol
2wk 451 T0M 442 =030 AW 0T S0 0

24-h Mean wric acid, mgidl.
0wk 455 2021 400 = 029 o 427 £ 4021 <O
Zwk = 424 £ 031 * 0 486 * .24

FST triglyceride, maidl
0wk [T TR EE R FIE 108 + 4 ams*
2wk U0 L= 99 1 = 1

2-h Mean trighyceride, mgill.
awh [T P E T 109 10 [ICET a4
2wk [T FR R ) IFEH 13012

PP triplyeseide, mghdl.

a4 1323 [LLUESN L] g = 11 =00l

2wk Lkl 147 £ 25 125 = 14 143 = 14

"alues are messs = SEs. sgoB, apolipoproein B; apodCLL

apolipapenicin CHL; Ereq, encrgy requiremens; FST, fastisg:

HFCS, high-frucsase com symup: PP, possprandiat; 4, absolute chaage.

*The ahsalute change 11 from

vk intervention with sweetened beverage compared with [ wk haseline} for each cutcome

was analyzed in a general lingar model (SAS 9.3) with doe af HFCS in heverage is a continuos variable (0, 1%, 17.5%, 25%
and adjustrment For sx. BMI, and [awcome] at baseline; departures from linearity wene tested with polynomial terms in the same
kel Al autcames exhibied trends thint did not significanily deviate from linear.

“Nomisally significant scone thal is nol significast (F < 00021} when comeeted for 16 comparisons.

equally signilbeant covariate (proportion of variance = 0, P <

Apostprandinl apoCIIT,

Diespite their strong pasip i igl i
whether indexed & the 24-h mean or the lae-evening post-
prandial peak (or mean of poameal peaksh, was not a signif

whereas AapoC I was highly related. In Table 3, we present the
propertion of variances and P values for 4 adjusted models that
tested the effects of HFCS dose. HFCS dose and duric acid,
HFCS dose and dapoCTL and HFCS dose with duric acid and
AapoCIH wgether on the Afasting and postprandial nen-HDL

covariate in the medels testing the effects of HFCS dose on
Anon-HDL cholesteral, LDL, or apoB idata not shown),
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ol | and apoB. Singly, duric acid and
AupoCT were significant covariates Tor all 6 cutcomes and
reduced the proportion of variance for the effect of HFCS dose
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Figure 1

These graphs show the health parameters like body weight [1A], cholesterol [1B], triglycerides
[1D], and body weight in a fasted state (FST) or after eating (PP), before and after the 2 weeks
of consumption of each HFCS dose drink (0-25%).

Primary Results

- Body weight did not increase in a statistically significant manner [1A].

- Highest (25%) HFCS conditions saw increases in non-HDL, LDL, and ApoB.
- Highest (25%) HFCS elevated triglycerides after eating only.

Body weight would have likely become significantly increased with more time,
but as it stands, HFCS did not have an effect (after 2 weeks), but high levels of HFCS did
increase cholesterol and triglycerides.

FIGURE 1 Effects of commaming beveriges contalnisg 19, 100, 17.5%,

waed 24% Ereq HECS, The least squares means {adjusted for sex, BMI, and

[ontcoee] at baseling) + SEs of (A} Abody wekghe; () AFSTand P plasma non-HUL cholesterol, LI cholesterol, and spolt concentratians; (€3 AFST and

PP plasma apoCil] concenirations and AFST and 24-h mean plasma uric ocid concesira
comcentrations in yousg men and womes after conssming beverages providing (% {n

HFCS for 2 wh. *F < 005, **P < 001, **4F < 0001, *#***F < Q0001 effect

Far BMI and [outcome] at baseline. *A different from "3 or =4 and **4 different f

(L, P =< (L0001, bearst squares mean difforent from zero.
Far multiphe (P < (HI31 ). apol, apoli

anificance no

wnd (D) AF
25 |IP’+ (n = 18}, 17
of HFCS group: 2-factor (HFCS group, sex) ANCO?

i

h me triglyceride
= 16}, or 25% {n = 28) of Ereq from
ik of A with adjusiment
05, 7P = 01,

in red imdscane that difference did ot retain significance after comection

in CIIL Ereq, energy FST. fastimg: HFCS. high-fruckose

com syrup. PP, pestprandial; 3, absolute change.

by 33-T7%. In cambination. both duric acid and AapoCl

The |ru:vm-. of Lu:-mpu postprandial trighyceride concentra-

mained significant covariates and reduced the proy
variance estimates for the effect of HFCS dose b} T6-95%.

DISCUSSION
Thas sudy demonstrates for the first time that established sk

L P all 3 deses of HFCS compared with 0%
E.mq—HFCS support our previens work (7, &) but do not suppan
a meta-analysis concluding thar freciese in mu..nlnm cxrhansc fior
other carbolydrate does nod increase e (13)
{see .‘aumjemeuml Discussion for details and abo Supplemental
Figure 44,0} Consumption of Frisctose-containing sugars increises

fctors for CVID, plasma of non-HDL chol l.
LDL choleserod, and apoB (12), increase in & dose-dependent
manner in young odults consuming beverages providing 0%,
17.5%. or 23% Ereq from HFCS for 2wk The dose-dependent
imereases of these fsk factors for CVD, which were shown 1o be
stutistically indeperslent of body weight gain, provide mechanistic
support far the recent epideminlogic fndings that there is incresed
risk of CWT mortality with incrensed imtuke of added sugar acmoss
quintiles (20 The significant and independent comelations of both
AapoCH and aric ackd with Anon-HDL cholesterol, LDL choles-
temol. and apoB isce Supplemental Discussbon for more details)
suggest the potential for 2 separste pathways by which consumption
o HECS mereases these sk factors for CVD,

New Section 3 2 Page 6

circulating trigl hecise i which cutalyzees the
initial phospharylation of distary fructose, is not regulated by he-
patic energy status {141 This resulis in unregulated hepatic froctose
uptake (13-17), with mest of the ingested froctose being metabo-
lized i the liver and links reaching the svstemic circulstion (18).
The excess subsirate leads 1o increased de nove lipegenesis (8],
which may increase the intrbepatic Hpsd supply directly (19, 200,
via, synihesis of futty acids, and indirectly, by inhibiting fatty acid
omidation {21, 220, Increased intrahepatic lipid content promotes.
VLDL pn:dumon and urcunn 123, 24, Ieadmg o increased

of ide (25, Postprandial hy-
perrighyeeridemia Im been recendly reviewed as an imponant risk
factor for CVID (26) (see Supplemental Discussion).
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-
- 2Wh - 17.3% WrCS

ﬂGlllE 2 The 24-h circulating eric acid soms di

Uric Acid fmgidL}

of sweetened

during o ofchengy-bakanced beeeias dets

g e
233, (B) 10% Ereq-HFCS (v = 18), (C) 17.5% Ereq-HFCS (n

jets containing isocakn:
15\ or (D) 25%
= 0wk quantified for cach group as .‘IN-h !l'lt wid

from "3, Tukey's multgle<onmparisans (st - < 0.08, P < 0000I, leas aquares mean differest from acro. Significance ootstions is red indicate et

difference did ect retain significsece afier camection for multiple compasisons (F < (31). Data are means = SEs. CHO, carbohydase: e, encrgy

requicement, HECS, high-tractose cors syrap; 4, ahsolute chasge.

This is the first report to our ge that ion of
HFCS, or any sugar, increases plasma concentrations of apoClll
in humans. We have, however, reported that plasma apoCIll
increased in rhesus monkeys provided with fructose-sweetened
beverages for 6 mo (27). The cusrent increases of apoCIHll may
simply reflect the effect of HFCS 1o increase VDL production,
because most VLDL particles are secreted as apoCl-containing
VLDL (28). However, glucose induces apoCIIT

factor, response  element-binding
protein (29). This mechanism could be relevant to consumption
of HFCS because a significant proportion of a large fructose dose
is converted into glucose (30) and because HFCS conunns
elucose. [n addition, fy fed rats treated with i
resporse element-binding profein antisense exhibited a decreased
rate of hepatic triglyceride secretion (31). suggesting a role for

in rat and human hepatocytes via a mechanism involving the

New Section 3 2 Page 7

response ek hinding protein in the lipogenic
effects of fructose feeding. Plasma apoCIHI strongly predicts
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FIGURE 3 The 24 circulating Irighyoeri

2340 Tegyearide AUC:
Tk 0w (mQUL'24 K

o during

of commples of sweetenal

during
beverapes containing 0%, 105, 17.5%. and 25% v Eroq HFCS, Cralaing 24 igyocide pln concirutions dureg Comsumtion of cocgy-habnosd
baseline

et coatainisg SS% Ereq complex cabolydrate at 0 w and during consumplion of en

0 diets contining isocakn:

erpy-tatanced smerventian
amounts of carbohydrate as comples carbobydrase and (AHF} I':oq-HK 'S (n = 23), (B) [0% F,NQ-HR,‘ In - 18, (C) 17.5% Elw«NR‘\ (0= 15), 00 (D)

28% Ereq HFCS (n = 28) a6 2 wh. () The chassge |

acid AUC. *P < 008, effect of HFCS group:

A24-h un

foe
2-facsar lHF('Synu[l kxi AN(‘CV\A «[J with Mjllilllenl fol IIMI and Ilvll:cue]ul bascline, *d diffesent from

"5, Tukey's -mulupk-mqunmnmq P < D01, least

ot retain

sigaficance sflce corecion for multipl comparisont (P < 001N Data re mcamm = SE. CHO. mmnydm rm, energy requirement; HFCS, hagh-

fructose com syru: J. absolute change.

CVD (32) and loss-of-function mutations in the apoCII geve are
i with lower trigly and reduced
risk of ischemic CVD (33).

The unregulated phosphorylation of fructose 1o fructose- |-
phosphate by fructokinase, which results in coaversion of ATP to
AMP and a depletion of inorganic phosphate. leads to uric acid
production via the purine degradation pall\\\u) (17). It has also
bem mpmtd that a high-fructose diet increases dc novo punnc

d this als d uric

New Section 3 2 Page 8

acid production (34). Our results regarding the proportion of
variation explained by HFCS-dose suggest that these pathways
are highly sensitive to the dose of fructose. These results do not
support the conclusion from a meta-analysis that isocaloric ex-
change of fructose for other carbohydrate does not affect serum
uric acid concentrations in nondiabetic subjects (35) (see Sup-
plemental Di; ioa for details and Figure 5A,
€). Uric acid is also a potential mediator of metabolic disease,
with most recent studies, but not all (36), showing that it is
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TABLE 3
I'beluliuﬂ of duric acid wnd apoCTI with the HFCS-induced increases in non-HDL cholesterol, LDL cholesterol. and
apal
Model 2 Model 3 Model 4
Risk factorfindex Model I": dose Dase  dunc acid®  Dose  dapoCll Dose Suric ocd” dapoCill
AFST nan-HOL cholesernl
% Varance”: covariate 15 4 5 1% 2 & I
#ralue (L0001 0033 00017 00016 <0001 001 [ETE TS I T
% Variance: model b 43 45
APP non-HDL cholestersd
% Varanoe: covariale M4 Ll 7 L] i 2 L] "
Falue <A BT 00036 00010 <0001 0083 00022 <0001
% Varianee: model ” 43 L 55
AFST LIH. cholestencd
T Ve ol 1% 4 [ ™ z Ll L
# value SN B3 OO00E 0000 Ol 006 000 [
% Varance: madel b El “
APP LD cholesteral
% Variance: covariate 20 7 12 & 4 5 L
Falue <0001 D051 00066 0002 00006 0018 00043 a011
% Variance: model 35 k] » R
AFST apali
 Varsanes: vl 14 El 7 ot 1 7 &
vl IRKIZ OIS 00T 000 0006 006 02s (0Ke
% Varkanes: midel k] a7 38 45
APE apelt
% Vanance: covanale E El T £ 1 9
# value SO GMOT 006 003 Ome 009 00 s
% Variance: model 3 37 I8 47
[— in B apoC 1L 11; FST, Fasting; HFCS, high-Fructose carm syrup; PP, pastprandial;

A, ahsalute change.
P

Model |: peneral Tinear model with dose (076, 109, 17.5%, 25% ) as a contimuous covariate wed adpestment for sex,

BMI, and [osstcome] o baseline.

Mudel 2 el 1 ples S acind s 0 continuos snasate,

“Moded 3 model 1 plus SapodTIl as & continmous covariste,

*Model 4: model 1 plus Suric ncid e JapoC1ll s coatinuous covaristes.

"AFST and A24-h mean wsic ackd yielded nearly identical resalis in models 2 and 2. Only FST uric scid results are

presenied.

"6 Variance: peapartian of varimsce explained by variable ar model = fiype 11 ssm of squarcsicormzcted total sum of

squares) % 100,
*Results shuwn for AFST apoCIIL
“Results shown for APP apoCTIl.

strongly associnted and predictive of metabolic syndrome, faity
liver, and CVD (37-39). In one study, an HR of 114 for coro-
nary beart disease events was documented for every 0.5-mgidl
bncrease of urke acld coneentrations (400, The samilar increases
induced by the 253% Ereq-HFCS dose i just 2 wh [+0.5 * 00
ifasting), +0.6 = 0.1 mygidl. (24<h mean)] suggest that con-
sumption of HFCS can have clinically relevan effects 1o in-
crense circulating uric acid,

Our results do not support the recent repons that adulis
comsuming beverages containing 8%, 18%, or 306 Ereq as su-
crose of HRECS for 10 whk exhibiied no differences of 1ol
cholesterol or LDL cholesterol (5) and 24-h wric acid amd -
glyceride AU responses (6] between doses, The nesults from
these studies (6) and the present stody are starkly contrasting. For
example, although Yu et al, (6) reported no differences in the 24-h
wric ackd AUC “response o the 6 different intervemtions at
haseling or post-testing,” we report that consumgption of the 23%
Ereq-HFCS dose increased 24-h uric acid AUC over baseline
(Figure 2E: 140 = 2.2 mgfdl % 24 b, P 00001, least sguares
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mean significantly different from zero, ANCOVA) and com-
pared with 10% Ereq-HFCS i+12.8 mgfdL % 24 h. Pfﬂml.
Tukey's multiple test). Possible I

the contrasting l!slllh include tse use of milk asa uelllc]efonhe
sugars, lack of a control group, the statistical analyses em-
ployed, and Tack of an ohjective measure of compliance (see
Supplemental Discussion) (6],

A strength of the current stady was the presence of a hiomarker in
dle:\ldywmhhlchpmm”objwuvemd
of the bio-
marker Iukcly contributed 10 |h: excellent degree of compliance, &
evidenced by the highly signilicamt dose-response elfects obtained
for most of the oulcomes The 3540 inpatient periods during
baseline ancd a1 the end of intervention. which ensured that the sdy
results wene not confounded by & 0F voriations in diet
or physical activity during the days immediately preceding the
oo eollection procedures, ane an additional sirength.

A Iummuon of the study was that it was not randemized, thus

hias in the assi; of subjects W the
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experimental groups. Another limitation is that that the panici-
pants consumed ad libinm dicts with the stsdy beverages during
the 12-d cutpstient period, which precludes cur drawing con-
clusaons concerning the effects of preciae amounts of sugar
consumption, Also, in inerventions studies lasting 3-10 wk,
subjects consumed slgmﬁcanlly mare L‘lu:rgy Md gmnﬂl mwe
weight when
compared with artificially swcclcncd beveragestsnacks (4143}
Therefore, variations in oulpatient energy intake likely explan
the nominally significant dose-response effect of HFCS cone
sumption on body weight gain, This dose-dependent body
weight goin coubd have mediated the dose-dependent increases
in the other owtcomes. However, the highly significant effects of
HFCS-dose in the statistical models adjusted for body weight
gain suggest thal the dose-dependent effects of HFCS on risk
factars were largely independent of body weight gain, This
suggestion is supported by reports of increases of sk factors in
subjects who consumed high-sugar diets as pan of energy-halanced
diet protocols and. thenefore, did not gain weight (44-47).

The added sugar componsent of the typscal US diet consises of
at least as misch sucrose as HFCS (4R); therelore, o limitation of
this study is that we did not alse investigate the dose-response
effecis of sucrose consumption. However. older and recent
studies suggest that consumption of sucrose beverages also in-
creases risk factors for CVD (19, 47, 49, 50). The duration of the
Zowk intervention could be considered a potential limitaion. It
alser, however, indicates bow quickly excess sugar consumption
cam initiate metubolic dysregulation, Cenainly, the results from
suCrose intervention studies mngmg From 6wk to 6 mo (19, 4—1.
47, 51) and the numerous ic studies d
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Supplemental Figure 3
This is the same as Figure 1, except split between women and men, [1A] Non-HDL cholesterol
(after eating); [1B] LDL-cholesterol (after eating)

Primary Results
- Non-HDL and LDL cholesterols increase significantly for men.
- Non-HDL and LDL cholesterols do not increase significantly.

_ Men experience greater increases in cholesterol from 25% HFCS than women.

Supplemental Figure 3: Sex-specific effects of consuming aspartame- or HFCS-
sweetened beverages on non-HDL-C, LDL-C, apoB and uric acid. The sex-specific
least squares (LS) mean (adjusted for sex, BMI and outcome at baseline) + SE of A PP
non-HDL-C (A), PP LDL-C (B), FST apoB (C) and 24-h mean uric acid (D) plasma
concentrations in women and in men after consuming beverages providing 0% (n = 12
women/11 men), 10% (n = 9 women/9 men), 17.5% (n = 9 women/7 men) or 25% (n = 13

women/15 men) of Ereq from HFCS for 2 weeks.
HFCS-group; #P < 0.05, #P < 0.01, effect of sex,

***P < 0.001, ****P < 0.0001, effect of
2-factor (HFCS group, sex) analysis of

covariance of A with adjustment for BMI and outcome at baseline. Within sex comparison:
aA different from A; within HFCS-group comparison: ¢A different from dA, Tukey’s.
*+P<0.05, +*P<0.01, ++*P<0.001, +**+P<0.0001, LS mean different from zero. Significance
notations in red indicate that difference did not retain significance after correction for

multiple comparisons (P < 0.0031).
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