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Abstract
Background: Increasing evidence supports carbohydrate restricted diets (CRD) for weight loss
and improvement in traditional markers for cardiovascular disease (CVD); less is known regarding
emerging CVD risk factors. We previously reported that a weight loss intervention based on a
CRD (% carbohydrate:fat:protein = 13:60:27) led to a mean weight loss of 7.5 kg and a 20%
reduction of abdominal fat in 29 overweight men. This group showed reduction in plasma LDL-
cholesterol and triglycerides and elevations in HDL-cholesterol as well as reductions in large and
medium VLDL particles and increases in LDL particle size. In this study we report on the effect of
this intervention with and without fiber supplementation on plasma homocysteine, lipoprotein (a)
[Lp(a)], C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor alpha (TNF-α).

Methods: Twenty nine overweight men [body mass index (BMI) 25–35 kg/m2] aged 20–69 years
consumed an ad libitum CRD (% carbohydrate:fat:protein = 13:60:27) including a standard
multivitamin every other day for 12 wk. Subjects were matched by age and BMI and randomly
assigned to consume 3 g/d of either a soluble fiber supplement (n = 14) or placebo (n = 15).

Results: There were no group or interaction (fiber × time) main effects, but significant time effects
were observed for several variables. Energy intake was spontaneously reduced (-30.5%). This was
accompanied by an increase in protein intake (96.2 ± 29.8 g/d to 107.3 ± 29.7 g/d) and methionine
intake (2.25 ± 0.7 g/d, to 2.71 ± 0.78 g/d; P < 0.001). Trans fatty acid intake was significantly reduced
(-38.6%) while dietary folate was unchanged, as was plasma homocysteine. Bodyweight (-7.5 ± 2.5
kg) was reduced as was plasma Lp(a) (-11.3%). Changes in plasma Lp(a) correlated with reductions
in LDL-cholesterol (r = .436, P < 0.05) and fat loss (r = .385, P < 0,05). At wk 12, both CRP (-8.1%)
and TNF-α (-9.3%) were reduced (P < 0.05) independently of weight loss. IL-6 concentrations were
unchanged.

Conclusion: A diet based on restricting carbohydrates leads to spontaneous caloric reduction and
subsequent improvement in emerging markers of CVD in overweight/obese men who are
otherwise healthy.
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Background
Evidence continues to mount supporting the use of carbo-
hydrate restricted diets (CRD) for weight loss and
improvement in cardiovascular risk [1]. In particular,
CRD have been repeatedly shown to promote weight loss
and improve fasting and postprandial triglycerides, and
plasma HDL-cholesterol (HDL-C), which indicates that
such an approach may be an important treatment option
for the dyslipidemia associated with the metabolic syn-
drome [2]. Also, CRD appear to be particularly effective in
reducing intra-abdominal fat, which is known to correlate
with numerous cardiovascular risk factors [3]. Though tra-
ditional markers of cardiovascular risk are still an integral
part of initial cardiovascular risk assessment, several addi-
tional risk factors have emerged that provide a more com-
plete picture of total risk status.

Elevated plasma levels of the cholesteryl-ester rich lipo-
protein (a) [Lp(a)] increase the risk for development of
cardiovascular disease through both proatherogenic and
prothrombotic properties [4]. Plasma Lp(a) is of particu-
lar interest because of reports that levels are strongly con-
trolled by genetics, and it is generally considered that
standard diet and exercise therapy known to alter plasma
levels of other lipoproteins have little effect on Lp(a) [5],
although intake of dietary trans fatty acids have been
reported to increase concentrations of Lp (a) [6], [7].
However, dietary interventions in which Lp(a) levels were
examined appear to be largely restricted to low-fat diets.

An elevated concentration of homocysteine in plasma is
an independent risk factor for cardiovascular disease that
is treatable through dietary and other interventions [8,9].
Insufficient vitamin B 12 and folate correlate with plasma
homocysteine levels, and supplemental B vitamins and
folate can be part of an effective dietary treatment [4].
However, it is not clear that treatment of hyperhomo-
cysteinemia will reduce cardiovascular disease risk [10].
Consuming a low carbohydrate, high protein diet without
vitamin supplementation has been reported to lead to ele-
vated plasma homocysteine [11].

Inflammatory processes play an integral part in the devel-
opment and exacerbation of atherosclerotic lesions. Hav-
ing an elevated level of the acute-phase reactant C-reactive
protein (CRP) is considered a strong, independent predic-
tor of coronary heart disease [12], and is believed to play
a direct role in the development of atherosclerotic plaque
through effects on the vascular endothelium [13]. A key
precursor to the hepatic production of CRP is interleukin
6 (IL-6). Plasma IL-6 levels can predict the development
of diabetes [14], and is thought to be involved in the
pathogenesis of atherosclerotic vascular disease [15].
Another inflammatory marker involved in both the gener-
ation and propagation of atherosclerosis is tumor necrosis

factor α (TNF-α). TNF-α is thought to be responsible for
endothelial dysfunction [16], thus could also play a role
in atherosclerosis. Most importantly, each of these inflam-
matory markers are elevated in obesity, and can be pro-
duced by adipose tissue [16,17], which underscores the
importance of weight loss in cardiovascular risk manage-
ment.

The purpose of this diet study was to determine the effects
of a 12-wk CRD with and without soluble fiber supple-
mentation in overweight men on plasma levels of homo-
cysteine, Lp(a), CRP, IL-6, and TNF-α. Our hypothesis was
that CRD would improve these emerging risk factors for
CVD.

Methods
Study design
As previously described [18], the study was designed to
investigate the effects of adding a soluble fiber supple-
ment to a CRD on clinical markers of cardiovascular risk
including plasma lipids, glucose, blood pressure, and
body composition. A 12-wk placebo-controlled, double
blind, parallel arm design was used. Subjects were care-
fully matched according to BMI and age, then randomly
assigned to supplement a CRD with 3 g/d of either Kon-
jac-mannan (n = 15) or a placebo (n = 15) containing
maltodextrin and free from Konjac-mannan.

Subjects
A total of 30 men with a BMI between 25 and 35 kg/m2

aged 20–69 years volunteered to participate in the study.
One subject from the fiber group left the study due to mil-
itary obligations. Subjects completed a detailed medical
history questionnaire during subject recruitment. Exclu-
sion criteria were consumption of a CRD (including any
form of purposeful carbohydrate restriction such as the
Atkins diet, South Beach diet, Sugar Busters, and the Zone
diet) or weight loss greater than 2.5 kg in the past 6
months, presence of cardiovascular or thyroid disease or
diabetes mellitus, consumption of lipid lowering pre-
scriptions or supplements, or blood pressure greater than
160/90 mm Hg. At baseline, subject characteristics were:
age, 38.8 ± 14.2 years; body weight, 93.3 ± 14.0 kg; body
fat 32.1 ± 4.4%; and BMI 29.7 ± 3.5 kg/m2. All procedures
were approved by the Institutional Review Board at the
University of Connecticut, and all subjects provided writ-
ten informed consent to participate.

Diet
A detailed description of the experimental diet has been
reported previously [18]. In brief, this was a free-living
study and no food was provided to subjects. Registered
dietitians held group meetings and instructed subjects
how to follow a CRD and how to accurately complete
weighed food records. Each subject received written mate-
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rials to reinforce the principles covered during the meet-
ing. A five-day weighed food record was completed prior
to the intervention and seven-day weighed food records
were completed at weeks 1, 6 and 12. Diet data presented
in the current study is from baseline and wk 12. The diet
was specifically designed to restrict carbohydrates so that
subjects produced ketones detectable in urine. Our previ-
ous work indicates that this requires a carbohydrate intake
of about 10% of total energy. The diet was ad libitum and
no guidelines were given regarding energy consumption.
Subjects were provided with a generic multivitamin/min-
eral to be consumed every-other day. Each tablet provided
the following quantities of select micronutrients: ribofla-
vin 1.7 mg/d; niacin 20 mg/d; B6 2 mg/d; B12 6 µg/d; and
folic acid 400 µg/d. At baseline, subjects were sedentary to
mildly active, and were instructed to maintain baseline
levels of physical activity throughout the intervention.

Data collection
At baseline and wk 12, subjects reported to the laboratory
after an overnight fast. Whole blood was obtained from
an antecubital vein into EDTA tubes, and plasma was

obtained via centrifugation at 1500 × g at 4°C for 20 min.
After plasma was isolated, a preservation cocktail was
added to the samples (5 mL/L aprotinin, 1 mL/L PMSF
and 1 mL/L sodium azide). Plasma was stored in individ-
ual aliquots at -80°C for later analysis. Plasma levels of
homocysteine, Lp(a), CRP, TNF-α, and IL-6 were deter-
mined for baseline and wk 12.

Dietary assessment
Diet records were analyzed using the Nutrition Data Sys-
tem 5.0 (Minneapolis, MN). Analyses were completed to
determine the mean daily intake of kcal and energy con-
tribution from fat, carbohydrate, and protein. Also, mean
daily intake of total folate, and vitamins riboflavin,
niacin, B6, and B12 were determined.

Anthropometrics
Bodyweight was determined on the same calibrated dig-
ital scale to the nearest 100 g with subjects in light cloth-
ing and not wearing shoes. Body composition was
determined using dual-energy X-ray absorptiometry
(Prodigy™, Lunar Corporation, Madison, WI).

Baseline (habitual) energy intake (kcal) vs. change in energy intake from baseline to week 12Figure 1
Baseline (habitual) energy intake (kcal) vs. change in energy intake from baseline to week 12. Mean kcal reduc-
tion from baseline to week 12 (n = 29) was 718 kcal/day. Overweight men consumed a CRD for 12 weeks; r = -.687; P < 0.01.
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Determination of plasma variables
Homocysteine, cysteine, cysteinylglycine
Concentrations of homocysteine, cysteine, and cysteinylg-
lycine in plasma were measured by high pressure liquid
chromatography with fluorometric detection [19] on a
Beckman HPLC system (Fullerton, CA) with refrigerated
autosampler and Jasco FP2020 fluorescence detector
(Tokyo, Japan).

Lp(a)
Plasma Lp(a) was determined in duplicate using a sand-
wich ELISA (#1740–9; Diagnostic Automation, Inc., Cala-
basas, CA, USA) with a dynamic range of 1.0–165 mg/dL.
The intra-assay coefficient of variation (CV) was 9.1%.
Absorbance was determined using a VersaMax tunable
microplate reader with SoftMax® Pro data reduction soft-
ware (Molecular Devices, Sunnyvale, CA, USA).

CRP, IL-6, TNF-α
High-sensitivity CRP was determined in duplicate using a
sandwich ELISA (#30–9710 s; American Laboratory Prod-
ucts Company, Windham, NH, USA). The sensitivity of
the hsCRP assay was 0.124 ng/mL, and the intra-assay CV
was 7.3%. Plasma IL-6 and TNF-α were determined in
duplicate using a high-sensitivity ELISA (#HS600B for
hsIL-6, and #HSTA00C for hsTNF-α; R&D Systems, Min-
neapolis, MN, USA). For the hsIL-6 assay the sensitivity
was 0.039 pg/mL, and the intra-assay CV was 5.2%. For
the hsTNF-α assay the sensitivity was 0.12 pg/mL and the
intra-assay CV was 8.9%. Absorbances were determined
using a VersaMax tunable microplate reader with Soft-
Max® Pro data reduction software (Molecular Devices,
Sunnyvale, CA, USA).

Statistical analyses
Dependent variables were analyzed using a 2 × 2 analysis
of variance with supplement assignment (Fiber and Pla-
cebo) as the between-factor and time (Wk 0 and 12) as the
within factor. Pearson correlation coefficients were used

to determine the relationship between changes in depend-
ent variables. Differences with a P < 0.05 were considered
significant. Data are represented as means ± standard
deviation. Statistical analyses were completed using SPSS
version 12.0 for Windows.

Results
Dietary consumption, bodyweight, and compliance
Compared to the habitual diet, the introduction of a CRD
lead to a decrease in caloric consumption (P < 0.001)
(Table 1) as well as carbohydrate consumption (-73.9%; P
< 0.001), while protein consumption increased (11.5%; P
< 0.05), and fat intake was unchanged at week 12 (4.3%;
P > 0.05). Saturated fat intake was also unchanged (P >
0.05). Habitual energy intake vs. change in energy intake
from baseline to week 12 is plotted in Figure 1. Energy
intake was spontaneously reduced by 718 ± 530 kcal per
day, characterized by a significant reduction in carbohy-
drate intake (-200 ± 64 g/d; P < 0.001) and significant
increase in protein intake (11 ± 27 g/d; P < 0.05), but no
change in fat intake (4 ± 41 g/d; P > 0.05). Thirteen sub-
jects reduced fat intake during the intervention. As
expected by the increase in protein intake, methionine
intake increased significantly. Total folate and vitamin B
12 intake were unchanged (P > 0.05), but vitamin B 6
intake increased (P < 0.001) in comparison to baseline.
Also, by week 12 trans-fat intake was reduced (-37.7%; P
< 0.001). Both bodyweight (-7.5 ± 2.5 kg) and fat mass (-
5.7 ± 2.6 kg) were significantly reduced. There were no sig-
nificant differences between the fiber and placebo groups
for any diet or anthropometric measure. Compliance to
the CRD was high throughout the intervention as deter-
mined through the presence of urinary ketones (data not
shown) and dietary logs.

Plasma homocysteine, cysteine, and cysteinylglycine
Despite increased methionine and unchanged total folate
intake, plasma homocysteine was not significantly
increased (Table 2). Furthermore, plasma cysteine and

Table 1: Changes dietary macro- and micronutrients between habitual and intervention (CRD) diets for 12 weeks in overweight men.

Nutrient Baseline (Habitual) Week 12 of CRD P Value (Time)

Total Energy (kcal) 2350 ± 676 1632 ± 496 < 0.001
Saturated Fat (g) 36.4 ± 16.2 36.8 ± 15.1 > 0.05
MUFA (g) 39.2 ± 15.9 45.2 ± 17.2 > 0.05
PUFA (g) 19.0 ± 7.2 17.9 ± 8.1 > 0.05
Trans Fats (g) 6.1 ± 2.7 3.8 ± 1.8 < 0.001
Methionine (g) 2.2 ± 0.7 2.7 ± 0.8 < 0.01
Total Folate (µg) 434.6 ± 174.1 455.0 ± 121.1 > 0.05
Vitamin B6 (mg) 2.0 ± 1.0 2.7 ± 0.6 < 0.001
Vitamin B12 (µg) 10.1 ± 16.5 11.2 ± 5.3 > 0.05

Data are presented as means ± SD (n = 29). Data were analyzed using a Student's t test. P values refer to the difference between baseline and week 
12. Subjects consumed a CRD supplemented by standard multivitamin consumed every-other day for 12 weeks. MUFA = monounsaturated fatty 
acids; PUFA = polyunsaturated fatty acids. Analysis was performed on 5-day weighed food records for baseline and 7 day weighed food records for 
week 12.
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cysteinylclycine were also unchanged (P > 0.05). No sig-
nificant differences between the fiber and placebo groups
existed.

Plasma lipids and Lp(a)
Mean relative changes for triglycerides, HDL-C, and LDL
cholesterol (LDL-C) for all subjects have been reported

Table 2: Changes in plasma levels of homocysteine, cysteine, and cysteinylglycine from baseline to week 12 in overweight men who 
consumed a CRD.

Parameter Baseline Week 12 P Value (Time)

Homocysteine (µmol/L)
Fiber 8.1 ± 1.2 8.6 ± 2.2 > 0.05
Placebo 8.1 ± 1.4 8.3 ± 1.5 > 0.05

Cysteine (µmol/L)
Fiber 264.4 ± 34.1 258.9 ± 45.3 > 0.05
Placebo 269.0 ± 30.5 266.2 ± 40.7 > 0.05

Cysteinylglycine (µmol/L)
Fiber 30.3 ± 5.1 29.9 ± 4.5 > 0.05
Placebo 30.9 ± 3.8 29.0 ± 5.5 > 0.05

Data are presented as means ± SD for the fiber group (n = 14) and the placebo group (n = 14). P values refer to the difference between baseline 
and week 12. No significant time or treatment effects were observed in any measured plasma marker of homocysteine metabolism. Subjects 
supplemented the CRD by consuming a standard multivitamin every-other day.

Relationship between absolute change in Lp(a) and LDL-C for overweight men who followed a 12-week CRD for weight lossFigure 2
Relationship between absolute change in Lp(a) and LDL-C for overweight men who followed a 12-week CRD 
for weight loss. Changes in Lp(a) and LDL-C are in mg/dL. Subjects were overweight and slightly obese men (n = 29). Calcu-
lations using a Pearson correlation coefficient indicated a relationship (r = .436, P < 0.05).
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previously, and were -34.5%, 12.6%, and -7.0% respec-
tively (P < 0.05) [18]. Plasma Lp(a) was significantly
reduced (-11.7%) from 17.9 ± 10.3 mg/dL at baseline to
15.8 ± 9.2 mg/dL at wk 12. Reductions in plasma Lp(a)

were correlated with reductions in LDL-C (r = .436, P <
0.05; Figure 2) and fat mass (r = .385, P < 0.05), but not
reduction in bodyweight (r = .280, P > 0.05). There were
no differences between the fiber and placebo groups in

Individual responses of Lp(a) for the fiber (left panel) and placebo (right panel) groups from baseline to week 12 for overweight men (n = 29) who consumed a CRDFigure 3
Individual responses of Lp(a) for the fiber (left panel) and placebo (right panel) groups from baseline to week 
12 for overweight men (n = 29) who consumed a CRD. Blue line represents the mean. Lp(a) was significantly reduced 
over time (P < 0.05) with no treatment effects.
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Table 3: Response of plasma markers of inflammation to a CRD in overweight men.

Inflammatory Marker Baseline Week 12 P Value

hsCRP (mg/L)
Fiber 1.68 ± 1.50 1.35 ± 0.95 < 0.05
Placebo 1.86 ± 1.29 1.55 ± 1.23 < 0.05

hsIL-6 (pg/mL)
Fiber 1.31 ± 0.39 1.39 ± 0.50 > 0.05
Placebo 2.00 ± 1.62 1.88 ± 1.07 > 0.05

hsTNF-α (pg/mL)
Fiber 1.29 ± 0.26 1.25 ± 0.30 < 0.05
Placebo 1.18 ± 0.27 1.03 ± 0.27 < 0.05

Data are presented as means ± SD for the fiber group (n = 14) and the placebo group (n = 14). Subjects consumed a CRD supplemented with a 
standard multivitamin consumed every-other day for 12 weeks. P values are for changes over time. No significant treatment effects existed.
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plasma lipids. Twenty-two of 29 subjects had reductions
in plasma Lp(a) at wk 12. Individual changes in Lp(a)
from baseline to week 12 are depicted in Figure 3.

Plasma CRP, IL-6, and TNF-α
Consumption of the CRD and subsequent weight loss led
to significant reductions in hsCRP, and hsTNF-α, but
unchanged hsIL-6, with no significant differences
between groups (Table 3). Individual changes in hsTNF-α,
hsCRP, and hsIL-6 for both the fiber and placebo groups
are shown in Figures 4, 5, and 6, respectively. Changes in
hsCRP and hsTNF-α were not correlated with change in
bodyweight or fat mass (P > 0.05).

Discussion
The purpose of this study was to report observations
about changes in emerging risk factors following weight
loss induced by a CRD with or without soluble fiber sup-
plementation in overweight and slightly obese men.
Though comparisons of these changes cannot be made to
other forms of diet therapy, these data contribute to the
small amount of evidence currently available about the
effects of CRD on markers of CVD risk not traditionally
measured. The main findings of the study were that a CRD
resulted in a spontaneous reduction in caloric intake in
93% of subjects and favorable effects on a number of non

traditional biomarkers including a significant reduction
in plasma Lp(a) in 76% of subjects and a significant
reduction in the inflammatory markers CRP in 69% and
TNF-α in 76% of subjects. There were no effects of adding
additional soluble fiber to a CRD on these responses.
Though dietary fiber has been shown to reduce CVD risk,
it appears that the significant weight loss in our subjects
has overshadowed any potential benefits from the fiber
supplementation.

Consistent with other reports [20-22], simply instructing
subjects to restrict carbohydrates resulted in a spontane-
ous reduction in energy intake (mean 718 kcal/day), sug-
gesting that a CRD may be easier to adhere to than diet
therapies that specifically target energy restriction. The
reduction in caloric intake was predominantly due to the
74% reduction in carbohydrate. There is a common belief
that CRD are high in fat, but in this study the absolute
amount of total fat and saturated fat intake was
unchanged and protein intake only modestly increased.

Homocysteine
Weight loss can lead to increases in homocysteine concen-
trations [23,24], and alter the dose-response relationship
between both serum folate and vitamin B-12 levels (i.e.,
higher serum folate and B-12 levels are required to main-

Individual responses of TNF-alpha for the fiber (left panel) and placebo (right panel) groups from baseline to week 12 for over-weight men (n = 29) who consumed a CRDFigure 4
Individual responses of TNF-alpha for the fiber (left panel) and placebo (right panel) groups from baseline to 
week 12 for overweight men (n = 29) who consumed a CRD. Blue line represents the mean. TNF-alpha was signifi-
cantly reduced over time (P < 0.05) with no treatment effect.
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tain the same homocysteine level in those losing weight)
[25]. The carbohydrate restricted diet supplemented with
folic acid in this study did not affect homocysteine con-
centrations. This is consistent with other work [26] and a
prior study we published showing that weight loss
induced by a low-fat diet and a 400 µg folic acid supple-
ment resulted in no effect on homocysteine [27]. There-
fore, vitamin supplementation or emphasis on folic acid-
rich foods may be an important component of a weight
loss program to prevent increases in homocysteine.

Homocysteine may be elevated following the ingestion of
a high-protein meal even in individuals accustomed to
higher protein intake. However, homocysteine levels tend
to be normalized following fasting for an extended period
of time (as in preparation for a blood draw) [28]. Post-
prandial measurements were not taken, though any
potential increases in homocysteine appear to have been
transient given the fasting plasma levels.

Lp(a)
Elevated plasma Lp(a) is a risk factor for cardiovascular
disease because of both atherogenic and thrombotic prop-
erties [4]. The 12% decrease in plasma Lp(a) is a novel
finding considering that plasma Lp(a) levels are reported

to have a strong genetic influence [29,30] and that diet
usually has little positive influence on Lp(a) levels [5,31].
Important to note is that most diet interventions that have
examined Lp(a) response emphasized fat restriction with
moderate to high carbohydrate intake, which sharply con-
trasts the macronutrient contribution in the current inter-
vention. Reducing total and saturated fat intake has been
shown to increase Lp(a) during weight maintenance [32]
and have no effect on Lp(a) during weight loss [33]. The
significant decrease in Lp(a) in this study suggests that car-
bohydrate restriction, as opposed to fat restriction, may
play a greater role in modulating Lp(a) levels during
weight loss. Diets relatively high in trans fatty acids in
comparison to saturated or unsaturated fatty acids can sig-
nificantly increase plasma Lp(a) [34]. Thus, the 38%
reduction in trans fatty acid consumption could also have
also influenced this parameter.

Reports about weight loss and change in plasma Lp(a) are
varied. Significant weight loss achieved via a very-low cal-
orie diet in obese individuals has been shown to both
reduce [35] and not reduce plasma Lp(a) [36]. However,
a very-low calorie diet and weight loss may only reduce
plasma Lp(a) in subjects with elevated baseline values (>
20 mg/dL). Our results are in agreement with previous

Individual responses of CRP for the fiber (left panel) and placebo (right panel) groups from baseline to week 12 for overweight men (n = 29) who consumed a CRDFigure 5
Individual responses of CRP for the fiber (left panel) and placebo (right panel) groups from baseline to week 12 
for overweight men (n = 29) who consumed a CRD. Blue line represents the mean. CRP was significantly reduced over 
time (P < 0.05) with no treatment effect.
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reports that reductions in plasma Lp(a) correlate strongly
with baseline Lp(a), but not with weight loss [36,37].

CRP, IL-6, and TNF- α
Both the acute-phase reactant CRP and the inflammatory
cytokine TNF-α were significantly reduced over time.
These results extend our previous findings that weight loss
achieved through carbohydrate restriction can improve
plasma levels of inflammatory biomarkers [38] indicating
that these results persist through 12 wk. Previous reports
[38,39] suggest that weight loss – rather than the macro-
nutrient composition of the diet used to achieve weight
loss – is key to reducing plasma markers of inflammation.
In the present study, a 7.9% weight loss was accompanied
by an 18.5% reduction in CRP, which is consistent with
other reports where low fat [40] and CRD [41] were used
to achieve weight loss. We did not find a correlation
between weight or fat loss and changes in any inflamma-

tory marker. Change in CRP was significantly correlated
with baseline levels, which is similar to a previous report
utilizing a CRD [41]. Another positive alteration in
inflammatory status was the reduction in TNF-α. Obese
individuals release greater quantities of TNF-α, which is at
least partially derived from adipose tissue [42]. The signif-
icant reductions in adipose tissue likely played a role in
reducing plasma TNF-α. As such, it appears that carbohy-
drate restriction could be considered an option for over-
weight men to improve cardiovascular risk.

We also examined the individual data for CRP and TNF-α.
The range for subjects with relative reductions in CRP (n
= 21) was -2.9 to – 71.9%, and the range for subjects with
relative increases in CRP (n = 8) was 1.5 to 43.0%. Four-
teen of 21 subjects who reduced CRP had relative reduc-
tions greater than 20%. Five of eight subjects who had
increases in CRP had elevations greater than 20%. Though

Individual responses of IL-6 for the fiber (left panel) and placebo (right panel) groups from baseline to week 12 for overweight men (n = 29) who consumed a CRDFigure 6
Individual responses of IL-6 for the fiber (left panel) and placebo (right panel) groups from baseline to week 12 
for overweight men (n = 29) who consumed a CRD. Blue line represents the mean. There was no significant time or 
treatment effect for IL-6 (P > 0.05).
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the mean reductions and individual data indicate more
individuals reduced CRP, some individuals had increases,
indicating that weight loss from a CRD may not be univer-
sally appropriate for reducing CRP. However, CRP con-
centrations in individuals who experienced elevations
after 12 wk was 1.36 mg/L (range = 0.14 to 4.17 mg/L),
which is within the normal range. Similarly, 22 subjects
had relative reductions in TNF-α. Our observations indi-
cate that a CRD is generally effective at reducing both CRP
and TNF-α, though, as with any dietary therapy, individ-
ual cases should be evaluated to determine appropriate
treatment.

An unexpected result was that IL-6 was unchanged from
baseline to week 12. IL-6 has often been reported to be
reduced following weight loss [43,44] but not always
[40,45]. IL-6 is thought to be important in the inflamma-
tory cascade associated with atherogenesis because of its
role in both stimulating several cellular adhesion mole-
cules and smooth muscle cell proliferation and migration
[42]. IL-6 also acts as a messenger cytokine [46] and that
derived from adipose tissue is thought to provide the prin-
ciple stimulus for hepatic CRP production [16,42].
Though a considerable amount of plasma IL-6 in healthy
individuals is thought to be derived from adipose tissue
(approximately 30%), a large proportion is derived from
other tissue [47]. Thus, though weight loss – particularly
fat loss – would be expected to reduce plasma IL-6, other
influencing factors likely play an important role.

One potential tissue that may be implicated is skeletal
muscle. It has been reported that consuming a CRD leads
to an approximate 50% reduction in skeletal muscle gly-
cogen [48], which could potentially affect plasma IL-6 lev-
els. Steensberg et al. [49] hypothesized that contracting
skeletal muscle releases IL-6, which acts in a hormone-like
manner to stimulate hepatic glucose output. Subsequent
work indicated that IL-6 release from skeletal muscle is
increased in response to reduced glycogen levels [50]. It is
important to note that reduction of glycogen was accom-
plished through exercise rather that diet. However, the
response of IL-6 to reduced glycogen, taken in conjunc-
tion with observations that infusion of recombinant IL-6
in humans increases liver glucose output [50,51], suggest
a potential explanation for the unchanged IL-6 levels
(despite weight loss) in the present study. Future research
is needed to confirm the role of IL-6 in glycogen depletion
resulting from a CRD.

CRD have been consistently shown to reduce triglycerides
and increase HDL-C, yielding a beneficial effect on CVD
risk, particularly for individuals with metabolic syndrome
[52]. For the current study we correlated triglyceride and
HDL-C responses with emerging risk factors to determine
if plasma lipid responses were related to changes in other

risk factors for CVD. We found no relationship between
response of traditional markers for CVD (HDL-C and trig-
lyceride response) and relative changes in TNF-α, IL-6,
CRP, Lp(a), and homocysteine. As such, we believe that
individuals who have a less favorable triglyceride and
HDL-C response to a CRD do not necessarily have an infe-
rior response in terms of CVD risk markers not tradition-
ally measured.

Conclusion
We have previously reported the beneficial effects of a
CRD on fasting and postprandial plasma lipoproteins and
body composition. Data from this study indicate that the
beneficial effects of a CRD on cardiovascular risk extend
beyond improvements in traditionally measured markers,
and that changes in these emerging biomarkers [Lp(a),
CRP, TNF-α] are not related to the relative response in
plasma triglycerides or HDL-C. These results are limited to
the population of overweight or slightly obese men who
are otherwise healthy. We cannot isolate the specific
aspect of the diet responsible for the responses in emerg-
ing biomarkers, nor can we determine the relative contri-
bution of weight loss versus carbohydrate restriction. An
important finding was that carbohydrate restriction
resulted in a spontaneous decrease in caloric intake and
subsequent weight loss and improvement in several risk
factors for cardiovascular disease in the majority of sub-
jects. Thus, it can be concluded that a diet approach based
on carbohydrate restriction provides an acceptable and
effective model diet to combat obesity and related meta-
bolic disorders.

Abbreviations
BMI, body-mass index; CR, carbohydrate restriction; CRD,
carbohydrate restricted diet; CRP, C-reactive protein;
ELISA, enzyme-linked immunoassay; HDL-C, HDL-cho-
lesterol; IL-6, interleukin 6; LDL-C, LDL-cholesterol;
Lp(a), lipoprotein (a); TNF-α, tumor necrosis factor
alpha.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
RJW was responsible for data acquisition, analysis, and
interpretation and for drafting of the manuscript. JSV was
responsible for study conception and design, data collec-
tion, analysis and interpretation and for critical revision of
the manuscript. SRD was responsible for data analysis and
interpretation and critical revision of the manuscript. CD
was responsible for data analysis and interpretation and
critical revision of the manuscript. MLF was responsible
for study conception and design, data collection, analysis



Nutrition & Metabolism 2006, 3:19 http://www.nutritionandmetabolism.com/content/3/1/19

Page 11 of 12
(page number not for citation purposes)

and interpretation, and for critical revision of the manu-
script.

Acknowledgements
We thank Dan Judelson and Dina Fakharawi for assistance in the assay anal-
yses.

References
1. Volek JS, Sharman MJ, Forsythe CE: Modification of lipoproteins

by very low-carbohydrate diets.  J Nutr 2005, 135(6):1339-1342.
2. Volek JS, Feinman RD: Carbohydrate restriction improves the

features of Metabolic Syndrome. Metabolic Syndrome may
be defined by the response to carbohydrate restriction.  Nutr
Metab (Lond) 2005, 2(1):31.

3. Volek J, Sharman M, Gomez A, Judelson D, Rubin M, Watson G, Sok-
men B, Silvestre R, French D, Kraemer W: Comparison of energy-
restricted very low-carbohydrate and low-fat diets on weight
loss and body composition in overweight men and women.
Nutr Metab (Lond) 2004, 1(1):13.

4. Seman LJ, McNamara JR, Schaefer EJ: Lipoprotein(a), homo-
cysteine, and remnantlike particles: emerging risk factors.
Curr Opin Cardiol 1999, 14(2):186-191.

5. Mackinnon LT, Hubinger L, Lepre F: Effects of physical activity
and diet on lipoprotein(a).  Med Sci Sports Exerc 1997,
29(11):1429-1436.

6. Mensink RP, Katan MB: Effect of dietary trans fatty acids on
high-density and low-density lipoprotein cholesterol levels in
healthy subjects.  N Engl J Med 1990, 323(7):439-445.

7. Nestel P, Noakes M, Belling B, McArthur R, Clifton P, Janus E, Abbey
M: Plasma lipoprotein lipid and Lp[a] changes with substitu-
tion of elaidic acid for oleic acid in the diet.  J Lipid Res 1992,
33(7):1029-1036.

8. Dierkes J, Bisse E, Nauck M, Orth M, Mayer H, Luley C, Wieland H:
The diagnostic value of serum homocysteine concentration
as a risk factor for coronary artery disease.  Clin Chem Lab Med
1998, 36(7):453-457.

9. Townend J, O'Sullivan J, Wilde JT: Hyperhomocysteinaemia and
vascular disease.  Blood Rev 1998, 12(1):23-34.

10. Folsom AR, Nieto FJ, McGovern PG, Tsai MY, Malinow MR, Eckfeldt
JH, Hess DL, Davis CE: Prospective study of coronary heart dis-
ease incidence in relation to fasting total homocysteine,
related genetic polymorphisms, and B vitamins: the Athero-
sclerosis Risk in Communities (ARIC) study.  Circulation 1998,
98(3):204-210.

11. Noakes M, Foster PR, Keogh JB, James AP, Mamo JC, Clifton PM:
Comparison of isocaloric very low carbohydrate/high satu-
rated fat and high carbohydrate/low saturated fat diets on
body composition and cardiovascular risk.  Nutr Metab (Lond)
2006, 3:7.

12. Ridker PM, Buring JE, Cook NR, Rifai N: C-reactive protein, the
metabolic syndrome, and risk of incident cardiovascular
events: an 8-year follow-up of 14 719 initially healthy Ameri-
can women.  Circulation 2003, 107(3):391-397.

13. Pepys MB, Hirschfield GM: C-reactive protein: a critical update.
J Clin Invest 2003, 111(12):1805-1812.

14. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM: C-reactive
protein, interleukin 6, and risk of developing type 2 diabetes
mellitus.  Jama 2001, 286(3):327-334.

15. Yudkin JS, Kumari M, Humphries SE, Mohamed-Ali V: Inflamma-
tion, obesity, stress and coronary heart disease: is inter-
leukin-6 the link?  Atherosclerosis 2000, 148(2):209-214.

16. Kofler S, Nickel T, Weis M: Role of cytokines in cardiovascular
diseases: a focus on endothelial responses to inflammation.
Clin Sci (Lond) 2005, 108(3):205-213.

17. Fantuzzi G: Adipose tissue, adipokines, and inflammation.  J
Allergy Clin Immunol 2005, 115(5):911-919. quiz 920

18. Wood RJ, Volek JS, Liu Y, Shachter NS, Contois JH, Fernandez ML:
Carbohydrate Restriction Alters Lipoprotein Metabolism by
Modifying VLDL, LDL, and HDL Subfraction Distribution
and Size in Overweight Men.  J Nutr 2006, 136(2):384-389.

19. Pfeiffer CM, Huff DL, Gunter EW: Rapid and accurate HPLC
assay for plasma total homocysteine and cysteine in a clinical
laboratory setting.  Clin Chem 1999, 45(2):290-292.

20. Sharman MJ, Gomez AL, Kraemer WJ, Volek JS: Very low-carbohy-
drate and low-fat diets affect fasting lipids and postprandial
lipemia differently in overweight men.  J Nutr 2004,
134(4):880-885.

21. Yancy WS Jr, Olsen MK, Guyton JR, Bakst RP, Westman EC: A low-
carbohydrate, ketogenic diet versus a low-fat diet to treat
obesity and hyperlipidemia: a randomized, controlled trial.
Ann Intern Med 2004, 140(10):769-777.

22. Samaha FF, Iqbal N, Seshadri P, Chicano KL, Daily DA, McGrory J,
Williams T, Williams M, Gracely EJ, Stern L: A low-carbohydrate
as compared with a low-fat diet in severe obesity.  N Engl J Med
2003, 348(21):2074-2081.

23. Sheu WH, Wu HS, Wang CW, Wan CJ, Lee WJ: Elevated plasma
homocysteine concentrations six months after gastroplasty
in morbidly obese subjects.  Intern Med 2001, 40(7):584-588.

24. Borson-Chazot F, Harthe C, Teboul F, Labrousse F, Gaume C,
Guadagnino L, Claustrat B, Berthezene F, Moulin P: Occurrence of
hyperhomocysteinemia 1 year after gastroplasty for severe
obesity.  J Clin Endocrinol Metab 1999, 84(2):541-545.

25. Dixon JB, Dixon ME, O'Brien PE: Elevated homocysteine levels
with weight loss after Lap-Band surgery: higher folate and
vitamin B12 levels required to maintain homocysteine level.
Int J Obes Relat Metab Disord 2001, 25(2):219-227.

26. Sheu WH, Chin HM, Lee WJ, Wan CJ, Su HY, Lang HF: Prospective
evaluation of folic acid supplementation on plasma homo-
cysteine concentrations during weight reduction: a rand-
omized, double-blinded, placebo-controlled study in obese
women.  Life Sci 2005, 76(18):2137-2145.

27. Volek JS, Gomez AL, Love DM, Weyers AM, Hesslink R Jr, Wise JA,
Kraemer WJ: Effects of an 8-week weight-loss program on car-
diovascular disease risk factors and regional body composi-
tion.  Eur J Clin Nutr 2002, 56(7):585-592.

28. Verhoef P, van Vliet T, Olthof MR, Katan MB: A high-protein diet
increases postprandial but not fasting plasma total homo-
cysteine concentrations: a dietary controlled, crossover trial
in healthy volunteers.  Am J Clin Nutr 2005, 82(3):553-558.

29. Dieplinger H, Kronenberg F: Genetics and metabolism of lipo-
protein(a) and their clinical implications (Part 1).  Wien Klin
Wochenschr 1999, 111(1):5-20.

30. Kostner KM, Kostner GM: Factors affecting plasma lipopro-
tein(a) levels: role of hormones and other nongenetic fac-
tors.  Semin Vasc Med 2004, 4(2):211-214.

31. Corsetti JP, Sterry JA, Sparks JD, Sparks CE, Weintraub M: Effect of
weight loss on serum lipoprotein(a) concentrations in an
obese population.  Clin Chem 1991, 37(7):1191-1195.

32. Silaste ML, Rantala M, Alfthan G, Aro A, Witztum JL, Kesaniemi YA,
Horkko S: Changes in dietary fat intake alter plasma levels of
oxidized low-density lipoprotein and lipoprotein(a).  Arterio-
scler Thromb Vasc Biol 2004, 24(3):498-503.

33. Fleming RM: The effect of high-, moderate-, and low-fat diets
on weight loss and cardiovascular disease risk factors.  Prev
Cardiol 2002, 5(3):110-118.

34. Lichtenstein AH: Dietary trans fatty acid.  J Cardiopulm Rehabil
2000, 20(3):143-146.

35. Sonnichsen AC, Richter WO, Schwandt P: Reduction of lipopro-
tein (a) by weight loss.  Int J Obes 1990, 14(6):487-494.

36. Zamboni M, Facchinetti R, Armellini F, Turcato E, Bergamo Andreis
IA, Bosello O: Effects of visceral fat and weight loss on lipopro-
tein(a) concentration in subjects with obesity.  Obes Res 1997,
5(4):332-337.

37. Kiortsis DN, Tzotzas T, Giral P, Bruckert E, Beucler I, Valsamides S,
Turpin G: Changes in lipoprotein(a) levels and hormonal cor-
relations during a weight reduction program.  Nutr Metab Car-
diovasc Dis 2001, 11(3):153-157.

38. Sharman MJ, Volek JS: Weight loss leads to reductions in inflam-
matory biomarkers after a very-low-carbohydrate diet and a
low-fat diet in overweight men.  Clin Sci (Lond) 2004,
107(4):365-369.

39. Due A, Toubro S, Stender S, Skov AR, Astrup A: The effect of diets
high in protein or carbohydrate on inflammatory markers in
overweight subjects.  Diabetes Obes Metab 2005, 7(3):223-229.

40. Clifton PM, Keogh JB, Foster PR, Noakes M: Effect of weight loss
on inflammatory and endothelial markers and FMD using
two low-fat diets.  Int J Obes (Lond) 2005, 29(12):1445-1451.

41. Seshadri P, Iqbal N, Stern L, Williams M, Chicano KL, Daily DA,
McGrory J, Gracely EJ, Rader DJ, Samaha FF: A randomized study

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15533250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15533250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10191979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10191979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9372478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9372478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2374566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2374566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2374566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1431582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1431582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9746269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9746269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9746269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9597195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9597195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9697819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9697819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9697819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16403234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16403234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16403234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12551861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12551861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12551861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12813013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11466099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11466099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11466099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10657556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10657556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10657556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15540988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15540988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15867843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16424116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16424116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16424116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9931056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9931056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9931056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15051841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15051841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15051841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15148063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15148063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12761364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12761364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11506296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11506296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11506296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10022413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10022413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10022413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11410823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11410823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15826880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15826880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15826880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12173568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12173568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12173568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16155267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16155267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16155267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10067265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10067265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15478043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15478043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15478043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1830250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1830250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1830250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14739118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14739118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12091753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12091753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10860195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2401585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2401585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9285840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9285840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11590990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11590990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15265001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15265001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15265001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15811138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15811138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15811138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16172619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16172619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16172619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15380496


Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

Nutrition & Metabolism 2006, 3:19 http://www.nutritionandmetabolism.com/content/3/1/19

Page 12 of 12
(page number not for citation purposes)

comparing the effects of a low-carbohydrate diet and a con-
ventional diet on lipoprotein subfractions and C-reactive
protein levels in patients with severe obesity.  Am J Med 2004,
117(6):398-405.

42. Lau DC, Dhillon B, Yan H, Szmitko PE, Verma S: Adipokines:
molecular links between obesity and atheroslcerosis.  Am J
Physiol Heart Circ Physiol 2005, 288(5):H2031-2041.

43. Esposito K, Pontillo A, Di Palo C, Giugliano G, Masella M, Marfella R,
Giugliano D: Effect of weight loss and lifestyle changes on vas-
cular inflammatory markers in obese women: a randomized
trial.  Jama 2003, 289(14):1799-1804.

44. Nicoletti G, Giugliano G, Pontillo A, Cioffi M, D'Andrea F, Giugliano
D, Esposito K: Effect of a multidisciplinary program of weight
reduction on endothelial functions in obese women.  J Endocri-
nol Invest 2003, 26(3):RC5-8.

45. Laimer M, Ebenbichler CF, Kaser S, Sandhofer A, Weiss H, Nehoda
H, Aigner F, Patsch JR: Markers of chronic inflammation and
obesity: a prospective study on the reversibility of this asso-
ciation in middle-aged women undergoing weight loss by
surgical intervention.  Int J Obes Relat Metab Disord 2002,
26(5):659-662.

46. Libby P, Ridker PM: Novel inflammatory markers of coronary
risk: theory versus practice.  Circulation 1999,
100(11):1148-1150.

47. Mohamed-Ali V, Goodrick S, Rawesh A, Katz DR, Miles JM, Yudkin JS,
Klein S, Coppack SW: Subcutaneous adipose tissue releases
interleukin-6, but not tumor necrosis factor-alpha, in vivo.  J
Clin Endocrinol Metab 1997, 82(12):4196-4200.

48. Phinney SD, Bistrian BR, Evans WJ, Gervino E, Blackburn GL: The
human metabolic response to chronic ketosis without
caloric restriction: preservation of submaximal exercise
capability with reduced carbohydrate oxidation.  Metabolism
1983, 32(8):769-776.

49. Steensberg A, van Hall G, Osada T, Sacchetti M, Saltin B, Klarlund
Pedersen B: Production of interleukin-6 in contracting human
skeletal muscles can account for the exercise-induced
increase in plasma interleukin-6.  J Physiol 2000, 529(Pt
1):237-242.

50. Steensberg A, Febbraio MA, Osada T, Schjerling P, van Hall G, Saltin
B, Pedersen BK: Interleukin-6 production in contracting
human skeletal muscle is influenced by pre-exercise muscle
glycogen content.  J Physiol 2001, 537(Pt 2):633-639.

51. Tsigos C, Papanicolaou DA, Kyrou I, Defensor R, Mitsiadis CS,
Chrousos GP: Dose-dependent effects of recombinant human
interleukin-6 on glucose regulation.  J Clin Endocrinol Metab 1997,
82(12):4167-4170.

52. Volek JS, Feinman RD: Carbohydrate restriction improves the
features of Metabolic Syndrome. Metabolic Syndrome may
be defined by the response to carbohydrate restriction.  Nutr
Metab (Lond) 2005, 2:31.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15380496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15380496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15653761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15653761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12684358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12684358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12684358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12809165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12809165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12032750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12032750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12032750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10484532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10484532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9398739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9398739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6865776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6865776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6865776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11080265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11080265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11080265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11731593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11731593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11731593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9398733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9398733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288655
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	University of Connecticut
	OpenCommons@UConn
	May 2006

	Effects of a Carbohydrate-restricted Diet on Emerging Plasma Markers for Cardiovascular Disease
	Richard J Wood
	Jeff S Volek
	Steven R Davis
	Carly Dell'ova
	Maria Luz Fernandez
	Recommended Citation


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Subjects
	Diet
	Data collection
	Dietary assessment
	Anthropometrics
	Determination of plasma variables
	Homocysteine, cysteine, cysteinylglycine
	Lp(a)
	CRP, IL-6, TNF-a

	Statistical analyses

	Results
	Dietary consumption, bodyweight, and compliance
	Plasma homocysteine, cysteine, and cysteinylglycine
	Plasma lipids and Lp(a)
	Plasma CRP, IL-6, and TNF-a

	Discussion
	Homocysteine
	Lp(a)
	CRP, IL-6, and TNF- a

	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References

