Men at Increased Risk of Coronary Heart Disease Are Not Different From Age-
and Weight-Matched Healthy Controls in Their Postprandial Triglyceride,
Nonesterified Fatty Acid, or Incretin Responses to Sucrose
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Short-term studies suggest that extreme sucrose consumption has a detrimental effect on triglycerides (TG) in hypertriglyc-
eridemic people. There is currently no consensus on the short-term inclusion of a moderate intake of sucrose in middle-aged
men at increased risk of coronary heart disease (CHD). It is also unknown whether gut hormones that are released in response
to carbohydrate ingestion modulate any of the effects of sucrose. The aim of this study was to further elucidate whether men
at increased risk of CHD have an exaggerated response to sucrose compared with age- and weight-matched controls over an
acute postprandial period. Twenty middle-aged men were recruited and separated into control (total cholesterol <
5.5mmol/L) and increased risk of CHD (> 5.5mmol/L) groups. We measured postprandial TG, nonesterified fatty acids (NEFA),
insulin, glucose, glucagon-like peptide-1 (GLP-1), and gastric inhibitory polypeptide (GIP) concentrations in response to a meal
containing 75 g glucose or 75 g sucrose with a moderate fat load. The increased risk group had significantly higher
Framingham risk assessment (12% v4%), TG (2.4 = 1.5 v1.1 = 0.4 mmol/L), low-density lipoprotein-cholesterol (LDL-C) (4.4 =
0.5 v2.7 = 0.4 mmol/L), and lower high-density lipoprotein-cholesterol (HDL-C) (1.2 = 0.2 v 1.5 = 0.2 mmol/L) (P < .05 for all).
There was no significant difference in the incremental area under the curve (IAUC, 0 to 360 minutes) for TG, NEFA, glucose,
GLP-1, or GIP in response to glucose or sucrose within or between the groups. Absolute total area under the curve (not IAUC)
for TG was significantly higher in the increased risk group for both glucose and sucrose, respectively (P = .01). A total of 75 g
of sucrose given as part of a single meal appears to make little difference in the postprandial TG and NEFA response in men
with or without risk of CHD compared with glucose. Although long-term data is needed, this begs the question whether a
moderate intake of sucrose has been overemphasized as a detrimental dietary message in middle-aged men.
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OME EVIDENCE SUGGESTS that diets containing atyp- insulin secretior®. Although controversial, Gama et!élhas

ically large intakes of sucrose increase fasting triglyc- suggested that GIP may have a role in the pathogenesis of the
erides (TG) and exaggerate postprandial lipetfid®educ-  hypertriglyceridemia observed in hyperinsulinemic hypertri-
tion of refined carbohydrate, particularly sucrose, is glyceridemic subjects.
traditionally a cornerstone of the dietetic management of One group that is vulnerable to coronary heart disease
hypertriglyceridemia. This is thought to be due to the fruc- (CHD) is middle-aged men with 1 or more cardiac risk
tose moiety of sucrose causing increased fatty acid synthesis in thgctors. In the clinical setting, most initial screening for
liver, increasing very—low-density lipoprotein (VLDL) synthesis, cHp focuses on traditional risk factors, such as the nonfast-
and possibly decreasing VLDL catabolignit.is also postulated ing measurement of plasma cholesterol or body weight. This
that_ certain groups of supjects, such as the el_derly, S("‘dent"’“aroup forms over 50% of the Western world middle-aged
subjects,'those with estab.hshe-d cor_onary_artery diseasejes; male population. There is conflicting evidence as to the
type 2 diabetes, or hyperlnsul!nemlc subjects may be more effect a moderate sucrose consumption has on cardiac risk
sensitive than others to very high intakes of sucrose and fructos?. . .

actors in this group.

The incretin glucagon-like peptide-1 [7-36] amide (GLP-1) 4 . . d if . d risk of CHD
is the most potent known endogenous gut hormone stimulant of .ere .we mvestlgate. It men at increase r',s N ’
insulin secretion in maf.In addition to its insulin-stimulating initially isolated by fasting cholesterol concentrations, had an

effects, GLP-1 also suppresses glucagon secretion, delays gaex@dgerated postprandial TG and NEFA response to sucrose
tric emptying, and is postulated to increase peripheral insuliffompared with glucose and to age- and weight-matched con-
sensitivity9-11 It is thus being investigated as a new treatmenttrols. We also tested for possible differences in GLP-1 and GIP
for type 2 diabete& There is recent evidence that blocking responses to account for any shift in postprandial TG and
endogenous GLP-1 with exendin 9-39, the specific antagonisfNEFA.
causes deterioration in glycemic cont®l.

It has been suggested that nonesterified fatty acids
(NEFA) regulate postprandial GLP-1 secretion, for example,
obese subjects with high fasting NEFA have low fasting From the Nutrition and Dietetic Research Group, Hammersmith
GLP-1 concentration*15 This is interesting, because over Hospital, London; and the Endocrine Unit, Imperial College School of
30 years ago, Randiesuggested that elevated NEFA con- Medicine, Hammersmith Hospital, London, UK.
centrations competitively inhibit glucose oxidation and lead ~Submitted April 2, 2001; accepted July 12, 2001.
to impaired glucose tolerance. Ranganath &t aent on to UKStlJ?pgorEed by the:ugar Bl'l]JrFeallIL London, UK. C.M.E. is a Diabetes
.demonstrate that manipulatipn of NE.FA concentrations did Addre.ssig;?i:(t:ereqii?srio Gzr;/)vsv: Frost, SRD, PhD, Department of
influence GLP-1 concentrations, which could therefore beN

. . . . o utrition and Dietetics, Hammersmith Hospital, Du Cane Rd, London
responsible for the insulin resistance seen in circumstanceg;1» ons UK.

of high NEFAs. Copyright® 2002 by W.B. Saunders Company
Gastric inhibitory polypeptide (GIP) is another incretin gut  0026-0495/02/5102-0035$35.00/0
hormone released in response to carbohydrate that stimulatesdoi:10.1053/meta.2002.29029
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Table 1. Demographic Details of Men at Increased Risk of CHD and Matched Controls

Cholesterol*

(mmol/L) Age (yr) BMI (kg/m?) Waist (cm) HDL (mmol/L) TG (mmol/L)
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Control (n = 10) 4.6 0.5 47.3 6.4 26.6 3.2 88 8 1.5 0.2 1.12 0.4
(3.4-5.5) (41-58) (22.2-30.4) (79-102) (1.03-1.77) (0.47-1.93)
At risk (n = 10) 6.6 0.7 51.3 5.1 27.4 2.8 100 9.2 1.2 0.2 2.4 1.5
(5.7-7.7) (41-59) (22.6-32.7) (92-108) (0.73-1.66) (0.89-5.88)
P value 14 .60 .01 .03 .02

NOTE. Range (in parentheses).
*Groups formed on the basis of fasting cholesterol level, which was measured along with TG and HDL in hospital laboratory.

MATERIALS AND METHODS control for fasting lipid concentrations, identical meals were provided
on the evenings before the test meals, plus written information on the
abstinence of exercise and alcohol for 24 hours before the tests. After

Twenty male volunteers were recruited using posters displayed inan overnight fast, blood samples were taken from an indwelling ante-

local general practice clinics and around the hospital. Imperial Collegeybetal fossa venous cannula at -15, 0, 5, 15, 30, 45, 60, 90, 120, 150

School of Medicine Hammersmith campus Research and Ethics Comminutes, 3, 4, 5, and 6 hours following the start of the meal.

mittee granted ethical approval. All volunteers gave written consent.

Exclusion criteria included a history of diabetes, hypertension, or

lipid-lowering medication. Initial screening included electrocardiogram Nutrient Composition of Test Meals

(ECG), medical examination, and complete blood count. The test meals contained 38 g cornflakes, 200 mL decaffeinated
The men were separated into a control group (fasting plasma chogoffee, 100 g double cream (which was diluted with 100 mL water to
lesterol < 5.5 mmol/L) (n= 10) and an increased risk CHD group make a milk-like consistency) and either 75 g of glucose or 75 g of
(fasting plasma cholesterol 5.5 mmol/L) (n= 10). The increased risk  sycrose. They were otherwise matched for nutrient content (3,696
group hal a 3 times greater absolute CHD risk compared with the | 3/880 kcal, 48 g fat, of which 30 g was saturated, 115 g carbohydrate
control group (12.2%* 5.5%v 4.4% * 3.5%; P = .002) (mean+ and 5 g protein). We chose 75 g of sucrose as a moderate intake
SD), calculated by the Framingham CHD risk assessment profram. pecause average daily consumption of sucrose in the UK was reported

There was no difference in age (control 42-36.4v increased risk  py the Ministry of Agriculture, Fisheries, and Food (MAFF) to be 102
51.3 + 5.1 years), body mass index (BMI) (26:63.2v 27.4+ 2.8 glperson/d in 1987

kg/m?), blood pressure (control 116/76 13/7 v increased risk 124/
74 = 15/9 mm Hg), or ethnic background between the groups (ntean
SD). The increased risk group had a higher waist circumference thah-aboratory Analysis
the control group (Table 1). The increased risk group demonstrated ap initial blood sample was sent to the hospital laboratory for
significantly higher TG (2.4t 1.5v 1.1+ 0.4 mmol/L), low-density  measyrement of total cholesterol, HDL-C, and TG (Table 1). All other
lipoprotein-cholesterol (LDL-C) (4.4 0.5v 2.7 £ 0.4 mmoliL), and 504 samples were collected into lithium heparin tubes for the mea-
lower high-density lipoprotein-cholesterol (HDL-C) (1:20.2v 1.5 = surement of TG, NEFA, and glucose or lithium heparin tubes contain-
0.2 mmol/L) P < .05 for all by unpaired tests) (Table 1). One subject ing 4,000 kIU aprotinin (Trasylol; Bayer, Newbury, UK) for the mea-
in the increased risk group reported taking aspirin daily; no otherg rement of insulin, GIP, and GLP-1. Samples were centrifuged
medication was taken by any volunteer. There was no Signiﬁcamimmediately at 3,000 rpm for 10 minutes. The plasma was then ali-
difference in family history for diabetes or heart disease between thequoted into plain plastic 2.5-mL tubes. These were immediately frozen
groups. __ and stored at —20°C until analysis. Plasma glucose concentrations were
The number of smokers, ex-smokers, and nonsmokers were identicaheasured using a glucose-oxidase—based autoanalyzer (Technicon;
in both groups. Alcohol intake did not differ significe_lr?tly betw_een Axon Bayer Diagnostic, Newbury, UK). GLP-1, GIP, and insulin
groups (Table 2). All men were sedentary (as classified by dietaryeoncentrations were measured inhouse using specific radioimmunoas-
reference values (DRV), Section ZBThere were no significant ma-  gayss.22 The interassay and intra-assay coefficients of variation for
cronutrient differences in habitual diet (recorded by 3-day diet diary) iege assays were less than 10%. The assays were capable of detecting
between the groups, and both were similar to the United Kingdom (UK)2 nmol/L with 95% confidence. All samples were included in 1 assay
national averages (Table 2). and analyzed in duplicate on the first freeze-thaw. TG concentrations
. were determined using the method of Humphreys w&t alth cor-
Study Design rection for free glycerol, adapted to an IL Monarch Clinical Chemistry
Volunteers consumed 2 test meals in random order, separated by @mnalyser (Instrumentation Laboratories, Warrington, UK). The plasma
least a week (mean 1& 14 days) (meant SD). In an attempt to  NEFA concentration was measured using a commercial kit (Wako

Subjects

Table 2. Habitual Dietary Intake Recorded by 3-Day Diet Diary in Men at Increased Risk of CHD (n = 10) and Matched Controls (n = 10)

Energy (MJ) Protein (%E) Fat (%E) Carbohydrate (%E) Alcohol (%E)
Mean SD Mean SD Mean SD Mean sD Mean SD
Control 9.6 1.8 15.9 3.4 39.1 4.6 43 8.7 2.1 3.3
At risk 11.3 3.6 15.9 3.3 38.1 6.7 42.8 6.6 3.2 3.7
P value .2 .9 v .9 .5

Abbreviation: (%E) percentage of total energy intake.
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Table 3. Biochemical Response to a Mixed Meal Containing Either 75 g Sucrose or 75 g Glucose in Men at
Increased Risk of CHD and Controls

Sucrose Glucose
Controls At Risk Controls At Risk
Mean SEM Mean SEM Mean SEM Mean SEM

Fasting

TG (mmol/L) 1.1 0.1 1.92 0.3 0.98 0.1 2.6 0.6*

NEFA (umol/L) 409 55 606 48 478 94 566 64

Insulin (pmol/L) 88 10 118 21 86 12 123 15

Glucose (mmol/L) 4.3 0.1 5.4 0.4 4.6 0.2 5.5 0.6

GLP-1 (pmol/L) 26.2 4.6 25 1.6 25.9 34 24.2 1.8

GIP (pmol/L) 97 17 72 12 70 11t 89 13
IAUC 0 to 360 min

TG (mmol/L/min) 178.1 43 161.9 24 126.5 45 111 37

NEFA (mmol/L/min) —60 15 -116 16 -85 25 -109 20

Insulin (nmol/L/min) 37.3 4.9 64 12% 39 4.6 61.5 6%

Glucose (mmol/L/min) 237 50 132 81 227 117 343 74

GLP-1 (nmol/L/min) 5.1 0.5 3.9 0.9 4.1 0.7 4.8 0.9

GIP (nmol/L/min) 62 6 66.9 13 63.8 9 70.7 21

*P = .03 TG increased risk glucose v increased risk sucrose.
TP = .01 GIP control glucose v control sucrose.
$P < .05 control v increased risk.

NEFA C kit; Alpha Laboratories, Eastleigh, Hampshire, UK) adapted lower after sucrose than after the glucose meal (IAUC, 0 to 360
for the IL Monarch Clinical Chemistry Analyser. minutes, 35% and 29% lower in the at risk group and the
control group, respectively). However, this failed to reach
significance over 360 minute® (= .27) or 180 minutesK =
Power analysis was based on a 15% difference in TG levels betweerp7),

the groups being of clinical relevance with a SD of 15% using a power  There were no significant difference in any of the parameters
of 85% and a probability level of 5%. The results are presented asyeasyred between the glucose and sucrose in the postprandial
mean= SD (with range below) in Tables 1 and 2, and all other results response (Table 3 and 4) (Fig 1). Despite a tendency for the
are presented as meanh SEM. Incremental area under the curve :

Aplasma TG response to be higher after sucrose than after the

(IAUC) above baseline was calculated using the trapezoidal rule. . o o
split unit analysis of variance for each variable with factors for group Q'Ucose meal (IAUC, 0 to 360 minutes, 40% and 46% greater

(controls or increased risk) and treatment (sucrose or glucose) wald! the control and increased risk groups, respectively), this was
used?t The effect of group is assessed relative to the variability NOt statistically significant.

between subjects, while the effect of treatment and its interaction with The difference in postprandial TG response to sucrose or
group are assessed relative to the variation within subjects. The agglucose does not become significant even if subjects are sepa-
sumption of normality was checked using Shapiro and Francia’s W testated into groups depending on fasting TG (high or low)

on the residuals. A log transformation was used for fasting TG a”d(control group sucrose 140.6 35 v glucose 101.3+ 39
NEFA. P less than .05 was taken as significant.

Statistics

RESULTS

The baseline increased risk group had significantly higher
fasting TG P = .008) and NEFA P = .04) (Tables 3 and 4

Table 4. Summary of the P Values From the Tests of Assumptions
by Split Unit Analysis of Variance

(Fig 1D and E). There was a trend for fasting glucdde=(.07) Group  Trestment  Group x Treatment
and insulin P = .07) to be elevated in the increased risk group Fasting
(Tables3 and 4) (Fig 1B and A). TG (mmol/L)* .008 37 .02
Homeostasis model assessment (HOMA, calculated using 2 NEFA (umol/L)* 04 99 38

fasting insulin and glucose valué8)demonstrates no differ Insulin (pmol/L) 07 89 81
ence inB-cell function (%B increased risk 162 69 v control Glucose {(mmol/L) 07 26 75
162 + 40) and a 30% reduction in insulin sensitivity in the o PO 74 69 83

- GIP (pmol/L) 87 49 005

increased risk group compared with the control group (%S |ayc 0-360 mins

increased risk 5@- 16 v 71 = 29; P = .05)26 The IAUC for TG (mmol/L/min) 67 992 99
insulin was higher in the increased risk group after both sucrose NEFA (mmol/L/min) 1 54 29
and glucoseR = .01). Taken together, this would suggest the  Insulin (nmol/L/min) .01 .94 72
increased risk group was more insulin resistant that the control Glucose (mmol/L/min) .96 .27 2

group. There was no difference in fasting or IAUC for GLP-1  GLP-1 (nmol/L/min) 77 95 07
or GIP either between or within groups. GIP (nmol/L/min) 76 62 .

There was a tendency for the plasma glucose response to be*Log transformed for analysis.
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Fig 1. (A) Circulating plasma insulin response to a mixed meal containing either 75 g sucrose (- - - -) or 75 g glucose (—) in men at increased
risk of CHD (®) and controls (<). (B) Circulating plasma glucose response to a mixed meal containing either 75 g sucrose (- - - -) or 75 g glucose

(—) in men at increased risk of CHD (®) and controls (<]). (C) Circulating plasma GLP-1 response to a mixed meal containing either 75 g sucrose
(- - - -) or 75 g glucose (—) in men at increased risk of CHD (®) and controls (<). (D) Circulating plasma TG response to a mixed meal containing
either 75 g sucrose (- - - -) or 75 g glucose (—) in men at increased risk of CHD (®) and controls (<). (E) Circulating plasma NEFA response to
a mixed meal containing either 75 g sucrose (- - - -) or 75 g glucose (—) in men at increased risk of CHD (®) and controls (<). (F) Circulating plasma
GIP response to a mixed meal containing either 75 g sucrose (- - - -) or 75 g glucose (—) in men at increased risk of CHD (®) and controls (<).

mmol/L/min, increased risk sucrose 19923 32 v glucose  significantly higher in the increased risk group for both glucose
136.3+ 42 mmol/L/min;P = .2). The increased risk group did and sucrose (AUC at risk 1,063 212 v control 462+ 65
not differ in their TG or NEFA response compared with the mmol/l and at risk 851+ 113 v control 589+ 89 mmol/L,
control group P = .99 andP = .29, respectively). respectively;P = .01).

Absolute total area under the curve (not IAUC) for TG was Taking all 20 men together, we found no correlation between
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GLP-1 and NEFA in either the fasting®(= .09; P = .7) or (0.6 g/kg) fat meal. We used sucrose to investigate the conse-
IAUC postprandial (* = .01; P = .5) state or GIP and TG in quent effect of fructose, because this is the predominant sugar
either the fastingr€ = .06;P = .2) or IAUC postprandialr® = in the UK diet. It may be that we failed to give enough sucrose
.02; P = .4) state. to see a difference in TG and NEFA; however, our aim was to
give a realistic amount of sucrose that reflects what would be
consumed at a meal, which was in line with the normal UK
DISCUSSION intake, and easily tolerated. Recent evidence from Daly3gt al
Some evidence suggests that diets containing atypically largen humans supports our findings suggesting little effect of
intakes of sucrose (in the region of 200 g/day) increase fastingucrose on insulin sensitivity or TG.
TG and exaggerate postprandial lipemia in hypertriglyceride- More importantly in this study, we found no difference in the
mic subjects.2.27.28However, in the general population, not all IAUC TG response between the men at increased risk of CHD
people at increased risk of CHD present with hypertriglyceri-and the controls. This is not to say that people with an even
demia. This is demonstrated in our group in which initial greater risk of coronary disease may show differences in TG
screening was by plasma cholesterol. Our increased risk groupandling after a high sucrose load.
have higher fasting TG, lower HDL concentrations, and a As expected of insulin secretagogues, both GIP and GLP-1
larger waist circumference despite being matched for BMl.were stimulated following the test meals to concentrations
These correspond to an increased risk of CHD profile. Theysimilar to that seen in previous studielt.is not surprising that
also demonstrate signs of insulin resistance with higher IAUCthe differences in insulin concentrations are not associated with
insulin and fasting glucose and reduced HOMA. None of thedifferences in either GIP or GLP-1, as the differences in insulin
parameters, TG, insulin, or glucose are included in the Fraare more likely to be related to the significant decrease in
mingham calculation; however, Wood et'alsuggests that insulin sensitivity, as measured by HOMA in the increased risk
these factors may be included in the clinical judgement togroup.
adjust the calculated risk of CHD upwards. As a group, all of In a retrospective analysis by Ferrannini et al in 133
these factors put this group of men at increased risk of CHDthe European group for the study of insulin resistance (EGIR)
compared with the controls. database, insulin-sensitive subjects (BMI28.7kg/nf; n =
Despite being matched for smoking habits, which is in itself 174) assessed by the euglycemic insulin clamp had a fasting
a major risk factor for CHD, the increased risk group displayedplasma NEFA concentration of 578 17 umol/L (mean =
many other factors that are attributable to CHD risk. AbsoluteSE). Insulin-resistant subjects in comparison (BMI31.9kg/
total area under the curve (not IAUC) for TG was significantly m? n = 66) had a fasting NEFA concentration of 66325
higher in the increased risk group for both sucrose and glucosgmol/L. Our results are similar to this, which further reinforces
(P = .01, data not shown) demonstrating that this group doeur findings that the differences in fasting NEFA concentra-
have a larger postprandial TG response compared with th&ons in this study are clinically significant. However, we found
control group. This suggests that some of the increased risks ino evidence for the different concentrations of NEFA having an
this group may be due to an abnormal postprandial respons&ffect on GLP-1 concentrations, leading to differences in insu-
which may be additive to the other risk factors. lin resistance. Interestingly, the postprandial suppression of
In general, only 50% of heart disease incidence can beNEFA was not different between the 2 groups. This may be
explained by traditional risk factors. This may be because mosbecause the men were matched for BMI, unlike other studies,
risk factor assessments have focused on fasting lipid concerwhich compared lean with obese volunte®r&?
trations as their main criteria rather than postprandial assess- Unlike Gama, we found no association between our in-
ments. Increasing recognition of the potential atherogenic andreased risk group and GIP. However, there are marked differ-
thrombogenic consequences of elevated postprandial TG wasnces between the subject groups in the 2 studies. Most nota-
recently reviewed by William&? suggesting that postprandial bly, in Gama’'s study, the high TG group had a median
dyslipidemia is also an important risk factor for heart disease concentration of 4.7 mmol/L (4.2 to 8.3, 95% confidence in-
Mann et at® were among the first to show that the addition terval), and the low TG group had a median concentration of
of sucrose (60 g) to an oral fat load (25 g sunflower oil) results1.1 (0.8 to 1.5). This contrasts with our study in which the
in 35% amplification of TG at a single test meal. Jeppesen eequivalent concentrations were mean 2.6.56 mmol/L in the
al,28 with the addition of 50 g fructose, demonstrated a similarhigh group and 1.1 0.12 mmol/L in the low group. This may
finding; however, this study did not include a control carbohy- suggest that the incretin hormone, GIP, may only be involved
drate meal. Grant et ¥ found a 29% amplification after in lipoprotein metabolism at concentrations above the mean 2.6
sucrose was added to an oral fat load, although this study failechmol/L we found in this study.
to reach statistical significance. In a recent study reported in Following the results of these studies, we are currently
abstract form, a blunted lipemic response was seen with thévestigating the chronic and second meal effects of sucrose on
addition of 50 g sucrose to a meal without impairing lipid postprandial TG, NEFA, and glucose homeostasis.
oxidation; while 100 g of sucrose directed more of the lipid in
the meal towards storage, while suppressing net lipid oxidation
and prolonging the lipemic respon%e. CONCLUSIONS
We saw a 40% and 46% amplification (control group and A total of 75 g of sucrose, given as part of a single meal,
increased risk group) that failed to reach statistical significanceappears to make little difference in the postprandial TG and
in this study with the addition of 75 g sucrose to a moderateNEFA response in men with risk of CHD compared with
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healthy age- and weight-matched controls. There was no sigpriate to focus on a sucrose-reducing message when treating
nificant difference in the IAUC (0 to 360 minutes) for TG and people at risk of CHD.

NEFA in response to glucose or sucrose within or between the

groups. This supports other evidence recently reviewed by

Frayn and Kingmahand Daly et aB4 We found no evidence to ACKNOWLEDGMENT
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