
A

K

I

d
l
d

t

0
d

Applied nutritional investigation

Postprandial response of adiponectin, interleukin-6, tumor necrosis
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bstract Objective: Circulating levels of adiponectin are low in obesity and metabolic disorders
associated with increasing fat mass including insulin resistance and dyslipidemia. Body fat
stores may be positively related to intake of dietary fat, but little is known of mechanisms by
which serum adiponectin may be regulated through diet. We investigated acute effects of a
high-fat load and changes in fatty acid saturation on circulating adiponectin and associated
mediators of inflammation including interleukin-6 (IL-6), tumor necrosis factor-� (TNF-� ), and
C-reactive protein (CRP).
Methods: A high-fat test meal (59 � 4 g fat; 71% of energy as fat) containing a high (�71:29) or
low (�55:45) ratio of saturated:unsaturated fatty acids was given at breakfast on two occasions.
Blood samples were collected at 0 (baseline), 1, 3, and 6 h for measurement of adiponectin, IL-6,
TNF-�, and high-sensitivity CRP. A fat-exclusion lunch, snack, and dinner were also given and
blood samples collected at 10 and 24 h.
Results: Eighteen healthy, lean men completed the trial. There was no evidence of acute change in
circulating adiponectin in response to the lipid bolus or a differential effect of fatty acid saturation
on adiponectin, high-sensitivity CRP, or IL-6 (P � 0.05). IL-6 increased over 6 h on both treatments
(time, P � 0.05). TNF-�  decreased on the high saturated:unsaturated fatty acid treatment (treatment
by time, P � 0.05). There were no significant correlations between circulating adiponectin and
insulin on either dietary treatment in these normoglycemic subjects.
Conclusion: Acute changes in the content of saturated and unsaturated fatty acids had no adverse
effect on postprandial circulation of the adipose-related factors adiponectin, IL-6, TNF-�, or
high-sensitivity CRP. © 2008 Elsevier Inc. All rights reserved.
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Adiponectin is an adipocyte-derived peptide with evi-
ence of diabetic and cardioprotective properties [1,2], with
ow circulating levels in the obese [3,4] and in metabolic
isorders associated with increased fat mass including hy-
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erglycemia, insulin resistance, dyslipidemia, and vascular
nflammation [5–9]. Low circulating levels of adiponectin
n obesity remains something of a paradox because it is of
dipocyte origin, but antagonistic suppression by inflamma-
ory adipokines that increase in parallel with adipose mass
uch as tumor necrosis factor-� (TNF-�) may be involved
4]. Exogenous administration of globular adiponectin has
een shown to increase fatty acid �-oxidation and decrease

at mass in rodents [10], hence, the possibility that it may
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lay a role in weight gain whereby low circulating levels
nhance adiposity.

Since dietary fat is associated with increased lipid stor-
ge, weight gain, and obesity [11,12], there has been interest
n determining the responsiveness of serum adiponectin to
cute dietary fat loads. Suppression of adiponectin expres-
ion and/or release into circulation in individuals with a
arge adipose mass may be confounded by a concomitant
igh dietary fat intake. Trials that have investigated the
ffects of high lipid loads on circulating adiponectin have
hown a decrease [13] or no response [14] postprandially,
nd little is yet known of mechanisms by which adiponectin
ay be regulated through diet. There is however prelimi-

ary evidence that proinflammatory cytokines TNF-� and
nterleukin-6 (IL-6) may change after an acute fat bolus
15–17], particularly in metabolically compromised individ-
als [17,18], and are purported to be involved in adiponectin
egulation. Moderate fat (20–25 g) mixed meals appear to
ave little postprandial effect on circulating adiponectin, at
east in lean individuals [19,20]. Because fatty acid compo-
ition significantly affects established markers of cardiovas-
ular disease and type 2 diabetes mellitus (T2DM) such as
yslipidemia, glucose, and insulin control, in this trial we
anted to investigate acute effects of change in lipid satu-

ation during high-energy high-fat loading on adiponectin
nd the proinflammatory peptides IL-6, TNF-�, and C-re-
ctive protein (CRP). We hypothesized that a fatty load may
dversely affect postprandial response of adiponectin and
he markers of inflammation and that this response may be
xacerbated when the fatty acid profile of the lipid bolus is
rimarily saturated.

aterials and methods

ubjects

Eighteen men (mean body mass index [BMI] 22.9 � 2.0
g/m2, range 19–26 kg/m2) 19–33 y of age were recruited
nto the trial through newspaper advertisement. All subjects
ompleted both arms of the intervention. All were healthy as
ndicated by normal biochemistry (lipid profile, liver func-
ion, thyroid function, plasma glucose) and blood pressure
nd none were taking medications for lipid, blood pressure,
r metabolic disorders or had a history of treatment for
ignificant disease. Human ethics approval for this study
as obtained from the Auckland ethics committee, Auck-

and, New Zealand.

rotocol

This was a double-blinded, randomized trial. On two
ccasions subjects spent 24 h at the University of Auckland
uman Nutrition Unit. On the morning of day 1, subjects
ere given a high-fat test meal and blood samples were
ollected over 24 h. The test meals contained butter fat with g
high (�71:29) or low (�55:45) saturated:unsaturated fatty
cid (SFA:USFA) ratio (Table 1). The major alterations in
ietary lipid were a decrease in the saturated fats palmitic
cid (16:0, �13% total fat) and myristic acid (C14:0, �4%)
nd an increase in the monounsaturated fatty acid (MUFA)
leic acid (18:1, �11%) and the polyunsaturated fatty acids
PUFAs) linoleic acid (18:2�-6, �6%) and �-linolenic
cid (C18:3�-3, �2%) in the lowSFA:USFA product. Details
f industrial preparation of this product have been given in
previous publication [21]. Participants were randomized

sing stratification to ensure that half were given highSFA:

SFA and half lowSFA:USFA on entry into the study. All
ubjects then crossed over to the other treatment arm. Treat-
ents were separated by a minimum 3-d washout period.
ubjects were confined to the human nutrition facility at the
niversity of Auckland throughout each 24-h treatment during
hich time they were provided with all meals and snacks.
ubjects were maintained in energy balance over 24-h based
n an estimate of basal metabolic rate (BMR) and energy
xpenditure for a sedentary day (1.4 � BMR). They arrived
asted at the nutrition unit at 0730 h, an indwelling venous
annula was inserted, and a baseline blood sample was
ollected. At 0800 h the high-fat breakfast was served and
ubjects were asked to consume the breakfast within 15 min.
lood samples were collected at 1, 3, 6, and 10 h. Lunch
as served immediately after the 6-h blood sample, an

fternoon snack at 8 h, and dinner immediately after the
0-h blood sample. Subjects slept at the unit that evening
nd a final blood sample was collected fasted the following
orning at 24 h.

est meals

The high-fat breakfast comprised a sweet blueberry muf-
n, a milk and sugar-free decaffeinated hot beverage, and/or

able 1
omposition of dietary lipids in the test meals showing the major fatty
cid constituents*

High SFA:USFA Low SFA:USFA

otal SFAs (%fat) 70.5 54.4
Lauric C12:0 3.8 2.7
Myristic C14:0 12.0 8.3
Palmitic C16:0 31.5 18.8
Stearic C18:0 10.1 13.4

otal MUFAs (%fat) 22.1 32.0
C18:1total 18.6 30.0
C18:1trans 4.3 4.7

otal PUFAs (%fat) 3.0 10.5
Linoleic C18:2 1.2 7.2
�-Linolenic C18:3 0.8 2.3

holesterol mg/100 g butter 222 191

%fat, percentage of total fat; MUFA, monounsaturated fatty acid; PUFA,
olyunsaturated fatty acid; SFA, saturated fatty acid; USFA, unsaturated
atty acid

* Minor peaks not shown.
lass of cold water. The test meal was scaled to body size
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ased on daily energy requirements and each subject was
iven 5.3 g of butter fat per megajoule intake. The average
ietary intake was 11.2 � 0.2 MJ/d, the average energy
ontent of the high-fat breakfast was 3.13 � 1.9 MJ, and the
verage butter fat in the test meal was 59 � 4 g, equivalent
o approximately 73 g of dairy butter (Table 2). A fat-
xclusion lunch (3.1 g of fat, comprising vegetarian pasta,
read roll, orange juice) was served after the 6-h blood
ample; a fat-exclusion snack (0.7 g of fat, comprising fruit
ake, apple juice) was served midafternoon, 8 h after break-
ast; a fat-exclusion dinner (1.3 g of fat, comprising vege-
arian risotto, raspberry desert, carbonated beverage) was
erved after the 10-h blood sample. These meals and snacks
ere designed to be identical on both treatment arms.

nalytical methods

Blood samples were centrifuged and serum was stored at
80°C until later batch analyses. Samples were analyzed

or adiponectin, IL-6, TNF-�, and high-sensitivity CRP
hs-CRP). Adiponectin was analyzed by enzyme-linked im-
unosorbent assay using an inhouse system. Serum sam-

les were diluted 1:5000 with phosphate buffered saline and
hen applied to 96-well microliter plates coated with mono-
lonal antibody against human adiponectin (R&D System,
inneapolis, MN, USA). After incubation at room temper-

ture for 120 min, wells were washed and incubated for
nother 60 min with the biotinylated monoclonal antibody
gainst adiponectin (R&D System). The wells were again
ashed and incubated with streptavidin-conjugated horse-

adish peroxidase for 60 min and then reacted with tetra-
ethyl benzidine reagent for 15 min. One hundred micro-

iters of 3 M HCl was then added to each well to stop the
eaction and absorbance at 450 nm was measured. Intra- and
nterassay coefficients of variation were 6.2–7.9% and 3.8–
.3%, respectively. Lower limits of detection for the assay
ere 0.5–2 ng/mL of adiponectin protein. Serum IL-6 and
NF-� were analyzed by enzyme-linked immunosorbent
ssay using a Duoset commercial kit (R&D System). One
undred microliters of sample was applied to 96-well mi-
rotiter plates and incubated with the individual coating
ntibodies for 2 h at room temperature. After washing with
hosphate buffered saline, the detection antibodies were
pplied for another 2 h at room temperature. The bound

able 2
wenty-four–hour energy and macronutrient intakes that were matched b

Energy (kJ) Fat (%en)

est meal 3130 � 193 70.8 � 4.9
unch 3476 � 209 3.4 � 0.2
nack 1456 � 87 1.8 � 0.1
inner 3201 � 192 2.8 � 0.2

%en, percentage of energy; CHO, carbohydrate
* Mean � SD.
mmune complexes were detected at 450 nm. The standard y
urve was generated for every set of samples assayed using
he standards provided in the kit. The hs-CRP was analyzed
sing a Pointe Scientific (Canton, Michigan, USA) immu-
oturbidimetric commercial kit. Latex particles coated with
ntibody specific to human CRP aggregate to form immune
omplexes. Increased light scattering, proportional to the
oncentration of analyte, was measured on a COBAS Mira
utoanalyzer (Roche Diagnostics, Basle, Switzerland). CRP
oncentration was calculated using a calibration curve
f CRP standards and Prism software (GraphPad, San Di-
go, CA, USA) used to fit third-order polynomials to the
urve to calculate sample concentration. The assay range
as 0.05–10 mg/L with a sensitivity of 0.1 mg/L. Serum

nsulin concentrations were measured by radioimmunoassay
sing a commercial kit (Peninsula Laboratories, Belmont,
A, USA). Polyclonal antibodies from guinea pig antiserum

aised against bovine insulin were incubated with the human
nsulin standard Actrapid (Novo Nordisk A/S, Bagsvæd,
enmark) and unknowns. Iodinated 125I tracer was added,

amples were centrifuged, and the bound fraction was
ounted on a Wallac 1480 Wizard 3 gamma counter (Wallac
inland Oy, Turku, Finland).

tatistical analyses

Metabolic outcomes were analyzed using a linear mixed
odel analysis of variance (PROC MIXED, SAS 8.0, SAS

nstitute, Cary, NC, USA). Repeated measure analysis of
ariance tested within-diet and between-diet interactions
ver periods of 1, 6, and 24 h. Treatment group, identity,
ime of sample, run order, and block effects were included
n the analysis. In all measurements, when there was no
ifferential effect of fat quality, the two treatments were
ombined and the quantitative effects of the dietary lipid
nalyzed over time. Statistical significance was based on
5% limits (P � 0.05).

esults

All subjects randomized into this crossover trial com-
leted both treatment arms. No subjects withdrew or were
xcluded for non-compliance. Baseline characteristics of
he 18 participants are listed in Table 3. Subjects were

treatments for each subject*

Fat (g) CHO (%en) Protein (%en)

59.1 � 3.7 23.2 � 1.7 4.9 � 0.5
3.1 � 0.2 78.8 � 5.5 14.2 � 1.4
0.7 � 0.04 90.6 � 6.3 7.2 � 0.7
2.4 � 0.1 85.1 � 5.9 9.9 � 0.9
etween
oung, healthy by clinical review, and predominantly lean.
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owever, there was indication of mild inflammation that
anifested in raised cytokine levels in several subjects and

ome evidence of raised fasting insulin concentrations. Fast-
ng serum adiponectin was negatively correlated with BMI
Pearson’s correlation, P � 0.05; Fig. 1), an indirect esti-
ate of adiposity, in this group of predominantly lean men.
ean � SD fasting adiponectin was 7.0 � 2.5 �g/mL

efore the oral fat load (range 2–15 �g/mL) and the change
rom baseline over 24 h after the highSFA:USFA and lowSFA:

SFA treatments is shown in Figure 2 (P � 0.05). When
nalyzed independent of treatment, there was no significant
hange in circulating adiponectin at 1, 3, or 6 h postpran-
ially (time, P � 0.05) and no significant between-treatment
ffects of fatty acid saturation at 1, 3, or 6 h (treatment by
ime, P � 0.05; Table 4). There was a significant change in

able 3
ubject characteristics of the 18 lean men at baseline*

o. of subjects 18
ge (y) 23 � 4.2
ody weight (kg) 72.8 � 6.7
ody mass index (kg/m2) 22.9 � 2.0
aist circumference (cm) 79.5 � 6.1

ystolic blood pressure (mmHg) 123 � 10.5
iastolic blood pressure (mmHg) 78 � 9.0
asting plasma glucose (mmol/L) 4.7 � 0.3
asting insulin (pmol/L) 126 � 73.1
OMA-ir† 4.4 � 2.6
otal cholesterol (mmol/L) 4.3 � 0.8
DL cholesterol (mmol/L) 2.5 � 0.7
DL cholesterol (mmol/L) 1.4 � 0.4
AG (mmol/L) 0.8 � 0.3
diponectin (ug/ml) 7.02 � 2.1

L-6 (pg/mL) 27.9 � 69
NF-� (pg/mL) 719 � 668
s-CRP (mg/L) 0.61 � 0.8

HDL, high-density lipoprotein; HOMA-ir, homeostasis model assess-
ent of insulin resistance; hs-CRP, high-sensitivity C-reactive protein;

L-6, interleukin-6; LDL, low-density lipoprotein; TAG, triacylglycerol;
NF-�, tumor necrosis factor-�
* Mean � SD.
† HOMA-ir � (fasting insulin [pmol/L] � fasting glucose [mmol/L])/

35.

ig. 1. Fasting serum adiponectin was negatively correlated with adiposity

Us estimated by BMI (P � 0.05). BMI, body mass index.
irculating insulin over 1 and 6 h in response to the test meal
time, P � 0.001), and also over 24 h (time, P � 0.001)
hen the hyperinsulinemic effects of the high-carbohydrate

CHO) meals and snacks served at 6, 8, and 10 h were
bserved. There were no effects of treatment over 6 or 24 h
treatment by time, P � 0.05). The glucose response to the
est meal was highly variable between subjects on both
reatments (change from baseline, range �1.9 to 2.2
mol/L) but there were no significant between-treatment

ffects at any time point. There were also no significant
orrelations between circulating adiponectin and insulin or
lucose on either dietary treatment at 1, 3, 6, 10, or 24 h in
hese normoglycemic subjects (Pearson’s correlation, P �
.05).

Circulating levels of the proinflammatory cytokine IL-6
aried considerably among subjects. In this group of lean
en, baseline levels were typically 5–50 pg/mL, although 2

f the 18 subjects had significantly raised levels on both
reatment arms of 100–300 pg/mL, indicative of a non-
pecific inflammatory response, although there was no in-
ication of infection as assessed by white blood cell count in
hese subjects at screening. Despite the between-subject
ariability, circulating levels of IL-6 significantly increased
ver 6 h (time, P � 0.01), but there were no differential
ffects of saturation (treatment by time, P � 0.05). Over
4 h circulating levels had returned to baseline (time, P �
.05; Fig. 3). TNF-�, a second marker of inflammatory
esponse, was also high in the same two subjects across both
reatments. There was no increase in response on either
reatment; rather circulating levels tended to decrease over

h on the highSFA:USFA treatment (treatment by time, P �
.04; Fig. 3). There was no correlation between change in IL-6
nd TNF-� over the initial 6-h postprandial period (Pearson’s
orrelation, P � 0.05). The acute fat feeding did not alter
irculating hs-CRP over 6 h on either treatment (P � 0.05).
ver 24 h during the periods of high-CHO feeding, hs-CRP
as significantly lower on highSFA:USFA relative to lowSFA:

ig. 2. Postprandial changes in circulating adiponectin after a high-fat
reakfast containing a high (71:29, black circles) or low (55:45, white
ircles) saturated:unsaturated fatty acid profile. L, lunch; S, snack; D,
inner.
SFA treatment (treatment by time, P � 0.05; Fig. 3).
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iscussion

We have shown that a single high-fat meal does not elicit
cute changes in serum adiponectin compared with fasting
aseline levels nor does fatty acid saturation differentially
ffect circulating levels in healthy male subjects. Increase in
aturation had no adverse affect on proinflammatory TNF-�
r CRP, and although circulating levels of IL-6 transiently
ncreased above fasting after both fatty meals, there was no
ifferential worsening with increased saturation.

Although diabetic and cardioprotective effects of adi-
onectin administration have been shown in animal trials,
ess is understood about pathways of endogenous regula-
ion. Gene expression and serum concentrations decrease as
dipose mass increases [3,4,22], which was confirmed in
ur trial not only during development of overweight/
besity but also across the normal body weight range,
lbeit assessed by proxy body mass index rather than
diposity per se. The relation of adiponectin to storage
ipid mass has led to the hypothesis that an oral lipid
hallenge may also decrease serum adiponectin concen-
rations, although whether, in the face of a long half-life
nd as yet undefined secretion pathways that may not
llow for acute responses, it is possible to modulate post-
randial levels with diet is yet to be established. Four
tudies have investigated the effect of mixed [19,20] and
igh-fat [13,14] meals on postprandial serum adiponectin,
nd a recent study by Paniagua et al. [23] investigated the
ffect of high-fat and high-CHO meals on adiponectin ex-
ression. Mixed meals (20–25 g of fat) had no effect on
erum levels in lean subjects [19,20] but increased those
evels in obese individuals [19]. High-fat feeding failed to

able 4
ostprandial effects of the two high-fat breakfasts on serum measurement

0 h 1 h

igh SFA:USFA ratio
Adiponectin (�g/mL) 7.37 � 0.7 6.51 � 0.5¶

IL-6 (pg/mL) 29.3 � 16.8 27.2 � 16.5¶

TNF-� (pg/mL) 736.1 � 156.8 698.4 � 164.5¶

hs-CRP (mg/L) 0.51 � 0.1 0.42 � 0.1¶

Insulin (pmol/L) 127 � 15 619 � 62§

Glucose (mmol/L) 4.72 � 0.08 5.10 � 0.24¶

ow SFA:USFA ratio
Adiponectin (�g/mL) 6.66 � 0.4 7.36 � 0.6¶

IL-6 (pg/mL) 26.5 � 16.2 26.0 � 15.7¶

TNF-� (pg/mL) 701.9 � 161.1 709.7 � 162.2¶

hs-CRP (mg/L) 0.70 � 0.4 0.62 � 0.4¶

Insulin (pmol/L) 124 � 19 539 � 75§

Glucose (mmol/L) 4.73 � 0.08 4.55 � 0.23¶

hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; SFA, sa
* Mean � SEM.
† P � 0.05 for time, repeat measures analysis of variance, analyzed as
‡ P � 0.01 for time, repeat measures analysis of variance, analyzed as
§ P � 0.01 for time, repeat measures analysis of variance, analyzed as
� P � 0.05 for treatment by time, repeat measures analysis of variance,
¶ No significant effects.
licit a response in healthy subjects and first-degree rela- P
ives of diabetics [14] but decreased adiponectin in patients
ith T2DM [13]. Neither dose, which was lower in the
2DM study (52 g, 38% SFA) [13] than in the first-degree

elatives study (80 g, 50% SFA) [14], nor fatty acid satu-
ation (high SFA [�10–20 g of SFA/meal], high-lipid bolus
�40 g of fat/meal] was given in both trials) explained this
ivergence, which may be related to metabolic status. With-
ut a low-energy or low-fat control group in our trial, the
ostprandial effects of high-fat feeding per se cannot be
efinitive; however, there was no evidence of a change in
diponectin above fasting levels in the 6 h after a fatty meal
nd there was no differential effect of lipid saturation. A
ecent trial from our laboratory has also shown that longer-
erm (3-wk) manipulation of fatty acid saturation had no
ifferential effect on fasting levels of adiponectin [24]. In
he study by Paniagua et al. [23] of offspring of obese
atients with T2DM who were preconditioned to a high-
HO, high-MUFA or high-SFA diet, serum adiponectin did
ot significantly alter postprandially and there were no dif-
erential treatment effects, yet of interest was the reported
ncrease in adipose tissue gene expression at 180 min after
he meal on the two lipid treatments.

The cytokines IL-6 and TNF-� are key mediators of
nflammation [25,26] that are increased in obesity, insulin
esistance, and T2DM [25,27]. Although there is evidence
f dietary modulation in response to changes in total fat
28,29] and fatty acid composition [30] during long-term
upplementation, less is known about postprandial response.
n long-term trials �-6 PUFAs have been shown to be
argely [29,31], although not entirely [30], proinflammatory,
hereas marine �-3 PUFAs may limit production of
NF-�, IL-6, and IL-1 [32,33], as may plant-derived �-3

6 h 10 h 24 h

� 0.8 7.76 � 0.8¶ 7.24 � 0.7 7.93 � 0.8¶

� 17.0 33.4 � 16.4† 39.0 � 17.3 29.0 � 16.8‡

� 174.9 704.3 � 163.9� 683.7 � 167.4 760.5 � 173.8¶

� 0.1 0.44 � 0.1¶ 0.49 � 0.13 0.25 � 0.10¶

� 68 110 � 13§ 982 � 98 183 � 27§

� 0.17 4.54 � 0.07¶ 5.41 � 0.17 4.93 � 0.10§

� 0.8 6.95 � 0.5¶ 6.80 � 0.6 7.48 � 0.7¶

� 15.4 30.0 � 16.3† 29.3 � 15.4 28.5 � 16.4‡

� 159.6 668.8 � 160.7� 713.3 � 164.8 758.1 � 159.7¶

� 0.4 0.81 � 0.5¶ 0.83 � 0.4 0.69 � 0.5¶

� 80 141 � 26§ 1034 � 72 151 � 12§

� 0.16 4.76 � 0.17¶ 5.29 � 0.19 4.99 � 0.08§

fatty acid; TNF-�, tumor necrosis factor-�; USFA, unsaturated fatty acid

, 0–6 h, and 0–24 h.
, 0–6 h, and 0–24 h.
, 0–6 h, and 0–24 h
zed as 0–1 h, 0–6 h, and 0–24 h.
s*

3 h

7.53
31.1

712.8
0.45
217
4.59

8.00
26.9

704.2
0.66
251
4.51

turated

0–1 h
0–1 h
0–1 h
analy
UFAs such as �-linolenic acid (18:3�-3), albeit at high
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oses (7–15 g/d) [32,34], whereas fats rich in MUFA may
lso have anti-inflammatory properties [35–37]. We are
ware of seven studies that have investigated postprandial
esponse of proinflammatory cytokines to a high-fat meal.
L-6 and TNF-� both increased in an early study of healthy
ubjects and patients with T2DM [15], as did TNF-� in a
tudy of healthy subjects and patients with metabolic syn-
rome [18] and IL-6 in healthy controls [16], patients with
remature coronary heart disease [16], and in the obese
17,38] in whom there was either no associated postprandial
ise in TNF-� [38] or a decrease in TNF-� in a subgroup of

ig. 3. Postprandial changes in circulating IL-6, TNF-�, and hs-CRP after
high-fat breakfast containing a high (71:29, black circles) or low (55:45,
hite circles) saturated:unsaturated fatty acid profile. D, dinner; hs-CRP,
igh-sensitivity C-reactive protein; IL-6, interleukin-6; L, lunch; S, snack;
NF, tumor necrosis factor.
nsulin-sensitive obese men [17]. In our trial of healthy i
ales in which we found significant lipemia after this re-
ime of high-fat feeding [39], we also found that IL-6
ncreased on both high fat treatments, whereas TNF-� con-
entrations were unchanged or decreased. A previous trial in
atients with T2DM given a mixed meal supplemented with
UFA oil or a high SFA cream also showed a transient

ecrease in TNF-� and an unexpected decrease in IL-6 [40],
lthough no effect of a high-fat meal on IL-6 had previously
een shown in patients with T2DM [41]. The absence of a
igh-CHO arm in our study precludes exclusion of changes
eing an energy-loading effect rather than specific to dietary
at, but this may also be the case in other recent trials
16,18]. In light of the variable response in lean, healthy,
nd obese subjects and patients with T2DM, no consensus
an as yet be drawn about the effect of fat loading on
NF-�. The mechanism leading to the decrease in TNF-�
n the highSFA:USFA treatment in our trial is unknown to us.
t should also be noted that a recent study by Kempf et al.
42] highlighted the issue of local versus systemic changes
n markers such as IL-6 during venous cannulation, where
ermanent insertion of a catheter beyond 3 h may lead to
ocal tissue production of IL-6 and possible subsequent
asking of minor systemic changes [42,43].
C-reactive protein, an acute-phase reactant that increases

uring inflammatory response [44] and is an emerging risk
actor for atherosclerotic disease [45], can be modulated by
eight loss and physical activity but less is known of the

ffect of diet [46–48]. Whether there is a causal relation
etween the cytokines and CRP remains unclear and alter-
ative hypotheses that cytokines mediate acute-phase pro-
ein release from the liver or that IL-6 secretion may be
nduced by CRP have been proposed [46]. Certainly both
re commonly raised in situations of inflammation such as
therosclerotic disease. In patients with T2DM a fatty meal
as been shown to increase CRP in the absence of increased
L-6 [41], whereas in the obese there is both evidence of an
ncrease [38] and no effect [17] of a fat bolus on CRP.
everal trials in healthy subjects also have shown no post-
randial effects on CRP [49–51]. No previous trials have
nvestigated possible effects of fatty acid saturation, and
here was no evidence from our trial that an acute increase
n SFA content of the diet may adversely affect circulating
RP.

onclusions

There is no evidence from this study of lean, healthy
ale subjects that the adipose hormone adiponectin is sen-

itive to acute intake of dietary lipid or to an increase in
atty acid saturation. Of the markers of inflammation, only
L-6 increased postprandially in response to high-fat feed-
ng. There was no indication of increased levels of TNF-�
r the acute-phase protein CRP. We conclude that an acute

ncrease in the content of SFAs within a high-lipid bolus
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ad no adverse effect on postprandial circulation of the
dipose-related factors adiponectin, IL-6, TNF-�, or hs-
RP.
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