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Abstract

Carbohydrate-restricted diets (CRDs) promote weight loss, reductions in plasma triacylglycerol (TAG) levels, and increases in high-

density lipoprotein cholesterol (HDL-C) levels but may cause undesirable low-density lipoprotein cholesterol (LDL-C) responses in some

people. The objective of the present study was to determine the effect of adding soluble fiber to a CRD on plasma LDL-C and other

traditionally measured markers of cardiovascular disease. Using a parallel-arm, double-blind, placebo-controlled design, 30 overweight and

obese men (body mass index, 25-35 kg/m2) were randomly assigned to supplement a CRD with soluble fiber (Konjac-mannan, 3g/d) (n =

15) or placebo (n = 15). Plasma lipids, anthropometrics, body composition, blood pressure, and nutrient intake were evaluated at baseline

and at 6 and 12 weeks. Compliance was excellent as assessed by 7-day weighed dietary records and ketonuria. Both groups experienced

decreases in (P b .01) body weight, percent body fat, systolic blood pressure, waist circumference, and plasma glucose levels. After 12

weeks, HDL-C and TAG improved significantly in the fiber (10% and �34%) and placebo (14%, �43%) groups. LDL-C decreased by

17.6% (P b .01) at week 6 and 14.1% (P b .01) at week 12 in the fiber group. Conversely, LDL-C reductions were significant in the placebo

group only after 12 weeks (�6.0%, P b .05). We conclude that although clearly effective at lowering LDL-C, adding soluble fiber to a CRD

during active and significant weight loss provides no additional benefits to the diet alone. Furthermore, a CRD led to clinically important

positive alterations in cardiovascular disease risk factors.

D 2007 Published by Elsevier Inc.
1. Introduction

A significant number of studies have pointed to

carbohydrate restriction as a very effective option for dieters

as shown by greater weight and fat loss [1-3]. However,

most professional organizations continue to discourage

carbohydrate-restricted diets (CRDs) [4,5] because they

are in opposition with current low-fat diet recommenda-

tions. In terms of lipoprotein metabolism, more than a dozen

clinical studies have shown that CRDs outperform low-fat

diets in high-density lipoprotein cholesterol (HDL-C) and

triacylglycerol (TAG) responses, but low-fat diets are more
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effective at lowering low-density lipoprotein cholesterol

(LDL-C) [6]. In our prior studies of both normal-weight and

overweight men and women [7-10], we have observed a

large amount of variability in the LDL-C response to CRDs

[11]. One characteristic of CRDs is the relatively low fiber

content, especially soluble fiber, which might contribute to

the less than optimal LDL-C response. Increasing soluble

fiber could reduce the variability and improve plasma LDL-

C concentrations.

The incorporation of soluble fiber to a habitual diet has

been consistently shown to improve fasting total cholesterol

and LDL-C by interfering with cholesterol absorption and/

or enhancing biliary cholesterol excretion [12]. Konjac-

mannan, a natural constituent of Amorphophallus konjac

(konjac root), is a highly viscous soluble fiber that has been
xperimental 56 (2007) 58–67



R.J. Wood et al. / Metabolism Clinical and Experimental 56 (2007) 58–67 59
shown to significantly and consistently lower plasma

cholesterol when provided at low doses (b4 g/d) [13,14].

Given that CRDs outperform low-fat diets in terms of TAG

and HDL-C, but not LDL-C responses, and because soluble

fiber specifically targets LDL-C lowering, the primary

purpose of this study was to examine the effects of adding

soluble fiber to a CRD on plasma lipid profiles. A

secondary purpose was to examine the effects of dietary

treatment on weight loss, body composition, abdominal fat,

insulin, clinical chemistries, and blood pressure. We

hypothesized that the addition of soluble fiber to a CRD

would reduce LDL-C more than consumption of the CRD

with a placebo. In addition, we hypothesized that con-

sumption of a CRD with or without soluble fiber would

improve other traditionally measured cardiovascular risk

factors including plasma TAG, HDL-C, glucose, and blood

pressure. We previously reported findings from this study

related to dietary effects on emerging risk factors for

cardiovascular disease (CVD) [15] and intravascular pro-

cessing of lipoproteins [16]. Our initial findings indicated

that a CRD favorably impacted lipoprotein subfractions and

several emerging risk factors including C-reactive protein,

tumor necrosis factor a, and lipoprotein(a) independent of

fiber intake. Here we report further details of this

intervention in regard to the LDL-C response and features

of metabolic syndrome and present individual variation in

response to fiber.
2. Subjects and methods

2.1. Materials

The glucomannan and placebo pills were provided by

Nutraquest (Manasquan, NJ). Enzymatic cholesterol and

TAG kits were from Boehringer-Mannheim (Indianapolis,

IN). EDTA, aprotinin, sodium azide, and phenylmethylsul-

fonyl fluoride were obtained from Sigma Chemical (St

Louis, MO). The enzyme-linked immunosorbent assay for

plasma insulin determination was obtained from Diagnostic

Systems Laboratory (Webster, TX).

2.2. Subjects

Overweight and obese men aged 20 to 69 years, with a

body mass index (BMI) of 25 to 35 kg/m2, were recruited

between April and May of 2004. Exclusion criteria included

use of lipid-lowering drugs or supplements, adherence to a

CRD or weight loss greater than 2.5 kg in the past 6 months,

and history of heart disease, diabetes mellitus, or thyroid

disease. All subjects were educated about the purpose and

risks involved with the study and provided written consent

to participate. All study procedures were approved by an

institutional review board.

2.3. Experimental design

This was a double-blind, placebo-controlled, parallel-

arm study. All researchers administering the interventions
and those assessing the outcomes were blinded to group

assignment. Thirty men were matched according to BMI

and age, then randomly assigned by the researchers to

supplement with Konjac-mannan (fiber, n = 15) or

placebo (n = 15) while consuming a CRD for 12 weeks.

Data were collected at baseline and at 6 and 12 weeks to

monitor weight loss, whole-body and regional composi-

tion, plasma lipids, total ketones, insulin, clinical chemis-

tries, and blood pressure.

2.4. Diet intervention

After recruitment, all subjects attended a group meeting

where registered dietitians provided instructions about how

to keep diet records and how to follow a CRD similar to

those used in our previous studies [9,17]. Detailed

informational handouts were provided to each subject to

reinforce the principles covered during the group meeting.

To help motivate subjects and monitor compliance, subjects

were instructed to assess ketonuria at the same time nightly

by using Ketostix reagent strips (Bayer, Elkhart, IN). This

test is specific to acetoacetic acid, which causes a relative

color change when it reacts with nitroprusside. Adherence to

a CRD containing less than 50 g carbohydrate per day

generally leads to urinary ketone levels of 0.5 to 2.0 mmol/L,

whereas ketoacidosis is considered to occur at levels greater

than 7 mmol/L and can reach levels greater than 20 mmol/L

in uncontrolled diabetic patients [18].

Design of the diet was such that approximately 60% of

total energy was from fat, 30% from protein, and 10% from

carbohydrate. No restrictions were given regarding type of

fat or amount of dietary cholesterol to be consumed. No

guidelines about energy intake were given, and food was not

provided to subjects. Examples of foods consumed by the

subjects included unlimited amounts of beef, poultry, fish,

and eggs, moderate amounts of hard cheeses and low-

carbohydrate vegetables and salad dressings, and small

amounts of nuts and seeds. Subjects were instructed to

restrict fruit and fruit juices, dairy products (with the

exception of heavy cream and cheese), bread, pasta, cereal,

and desserts. Subjects were instructed to avoid all low-

carbohydrate breads and cereals and were limited to a

maximum of 2 sugar alcohol–containing low-carbohydrate

snacks per day. Before starting the diet, a 5-day weighed

food record was completed to assess habitual intake, and 7-

day weighed food records were kept during weeks 1, 6, and

12. All diet records were analyzed by using the Nutrition

Data System 5.0 (Minneapolis, MN). Subjects were

instructed to maintain baseline levels of physical activity

throughout the intervention.

2.5. Fiber supplementation

Subjects reported to the laboratory once per week to be

weighed and obtain supplement capsules that contained

either 500 mg of Konjac-mannan or an equivalent amount of

placebo containing maltodextrin. Capsule contents were

validated by independent laboratory testing. Subjects were
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instructed to take 2 capsules with 8 oz water 30 to 60

minutes before a meal, 3 times daily, for a total consumption

of 3 g supplement per day similar to other studies

[25,29,31]. Subjects documented consumption to assess

compliance. All subjects were also given a generic

multivitamin/mineral to be taken every other day to provide

micronutrients at levels 100% or less of the recommended

dietary allowance (RDA). After the intervention, subjects

completed a questionnaire designed by the researchers to

evaluate the success of supplement blinding. Subjects

completed a written form that allowed them to respond

whether they had been treated with fiber or placebo. In

addition, subjects completed a written questionnaire to

assess incidence and frequency of side effects.

2.6. Data collection

All testing was performed by the same technician in the

morning after an overnight fast. Body mass was measured

on a calibrated digital scale with subjects in light clothing

and not wearing shoes. Whole-body and regional body

composition were assessed using dual-energy x-ray absorp-

tiometry (Prodigy, Lunar, Madison, WI). Regional analysis

of the abdomen was assessed by placing a box between L1

and L4 using commercial software (enCORE version

6.00.270), which is highly reliable and accurate when

compared to multislice computed tomography [19]. Waist

circumference and seated blood pressure were measured by

using standard procedures.

Blood was obtained from an antecubital vein and

collected into tubes coated with a silicone gel and tubes

with EDTA for serum and plasma isolation. Approximately
Table 1

Average daily diet composition in subjects following a CRD and consuming eith

Variable Habitual Week 1

Total energy (kJ/d)

Fiber 9857 F 2594 7468 F 2063

Placebo 9660 F 3184 6991 F 2481

% Energy from carbohydrate

Fiber 42.6 F 8.4 9.8 F 4.9

Placebo 45.1 F 9.5 11.6 F 4.7

% Energy from fat

Fiber 38.6 F 5.5 60.2 F 6.4

Placebo 37.3 F 7.3 58.7 F 7.8

% Energy from protein

Fiber 16.5 F 3.9 29.3 F 4.9

Placebo 17.1 F 2.5 29.1 F 5.6

Dietary cholesterol (mg/d)

Fiber 389 F 208 661 F 273

Placebo 368 F 160 645 F 242

Total fiber (g/d)

Fiber 16.5 F 7.2 11.7 F 4.9

Placebo 16.3 F 6.8 9.4 F 4.6

Soluble fiber (g/d)

Fiber 5.9 F 2.1 5.4 F 1.5*

Placebo 5.5 F 2.3 3.1 F 1.4

Values are mean F SD for fiber (n = 14) and placebo (n=15). Data were analyze

There were no significant differences between groups in any of the dietary param

indicated by (*).
3 mL of serum was sent to a certified medical laboratory

(Quest Diagnostics, Wallingford, CT) for a comprehensive

metabolic screening profile that assessed serum glucose,

albumin, minerals, renal function, and liver function. Plasma

total cholesterol, HDL-C, and TAG levels were determined

by using methods previously reported by our laboratory

[20], and LDL-C level was calculated by using the

Friedewald formula [21]. Our laboratory has participated

in the Centers for Disease Control National Heart, Lung,

and Blood Institute Lipid Standardization Program since

1989 for quality control and standardization for plasma total

cholesterol, HDL-C, and triglyceride assays. Coefficients of

variation assessed by the standardization program during a

recent study were 0.76% to 1.42% for total cholesterol,

1.71% to 2.72% for HDL-C, and 1.64% to 2.47% for TG.

Insulin concentrations were determined in duplicate

using an enzyme-linked immunosorbent assay. The intra-

assay coefficient of variation was 1.6%. The homeostasis

model analysis was used to calculate insulin resistance [22].

Total plasma ketones were measured by using cyclic

enzymatic methodology in commercially available kits

(Wako Diagnostics, Osaka, Japan).

2.7. Statistical analysis

All statistical analyses were performed with SPSS 12.0 for

Windows (SPSS, Chicago, IL). All dependent variables and

21 days of diet records were analyzed by using a 2 � 3

repeated-measures analysis of variance (ANOVA) with

supplement assignment as the between-groups factor and

time (week 0, 6, and 12) as the within-group factor. The data

are presented as meanF SD. If a significant main effect was
er a soluble fiber supplement or a placebo

Week 6 Week 12 P (time effect)

6866 F 1544 6770 F 1966

7017 F 2929 6824 F 2314 b .001

12.5 F 9.0 12.6 F 5.7

13.3 F 5.3 12.8 F 5.8 b .001

60.7 F 7.6 59.3 F 6.3

59.6 F 6.6 59.3 F 7.3 b .001

28.4 F 6.0 27.2 F 6.4

27.1 F 5.1 26.8 F 4.6 b .001

635 F 215 584 F 233

586 F 257 586 F 257 b .001

12.7 F 5.9 12.7 F 6.2

9.6 F 4.2 9.5 F 3.8 b .001

6.0 F 1.8* 6.0 F 2.5*

3.1 F 1.4 3.0 F 1.3 b .01

d using repeated-measures ANOVA. P values are indicated for time effects.

eters except for the soluble fiber, which was higher in the fiber group as



Fig. 1. Absolute weight loss for subjects who consumed a CRD with 3 g

of either glucomannan (left, n = 14) or placebo (right, n = 15) per day

for 12 weeks. Reduction in body weight from baseline to week 6 and

week 12 was significant in the glucomannan and placebo groups ( P N

.05) but not significantly different between groups. Mean is depicted by

the thick black bar.
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found, subsequent post hoc analyses were completed using a

Tukey test. Significance was set at a P value of .05 or less.
3. Results

3.1. Attrition and compliance

A total of 30 subjects with a mean age of 38.8 F 14.4

years enrolled in the study. Recruited subjects had a mean

body weight of 93.1 F 14.0 kg, a mean BMI of 29.7 F 3.46

kg/m2, and mean total cholesterol of 178.4 F 37.9 mg/dL.

Subjects were pair-matched according to BMI and age and

then randomly assigned to either the fiber or the placebo
Table 2

Changes in anthropometrics and body composition during consumption of a CRD

day

Variable Baseline Week 6 Wee

Body weight (kg)

Fiber 93.6 F 12.2 88.6 F 12.9 86.2

Placebo 93.0 F 16.0 88.3 F 16.1 85.5

Body fat (%)

Fiber 33.0 F 4.5 31.0 F 4.7 29.1

Placebo 31.3 F 4.4 28.8 F 5.7 26.8

Total fat mass (kg)

Fiber 31.2 F 6.1 27.8 F 6.1 25.5

Placebo 29.6 F 8.2 26.2 F 9.1 23.8

Lean body mass (kg)

Fiber 59.7 F 8.9 58.4 F 9.3 58.2

Placebo 60.5 F 8.8 59.4 F 8.2 59.1

Abdominal fat (kg)

Fiber 3.67 F 0.9 3.08 F 0.9 2.86

Placebo 3.63 F 1.5 3.14 F 1.6 2.80

Waist circumference (cm)

Fiber 102.8 F 9.9 97.9 F 9.1 94.8

Placebo 103.0 F 11.8 98.0 F 11.9 95.1

Values are mean F SD. Fiber, n = 14; placebo, n = 15. Data were analyzed usin

differences between groups in any variable reported in the table ( P N .05).
group. Twenty-nine of the 30 subjects completed the study.

One subject in the fiber group was forced to discontinue

because of a military obligation; his data were omitted from

all analyses. At baseline, no significant differences were

observed between groups in habitual diet (total energy

intake, carbohydrate, fat, protein, fiber, or cholesterol

intake) or physiological parameters (blood lipids, anthro-

pometrics, body composition, glucose, or insulin).

Compliance with diet and supplementation protocols was

high and not different between groups. Percent of days in

ketosis as defined by a color change on the reagent strip was

similar in the fiber (81.2% F 15.1%) and placebo (83.9% F
16.2%) group. Calculated supplement compliance was

96.7% F 5.0% in the fiber group and 96.6% F 4.7% in

the placebo group.

3.2. Diet composition

Results from analysis of the habitual and intervention

diet are presented in Table 1. From baseline, mean

total energy intake at weeks 1, 6, and 12 was reduced by

24.3%, 30.3%, and 31.3% in the fiber group and 27.6%,

27.4%, and 29.4% in the placebo group. The reduction in

energy intake was significant over time, but not different

between groups.

Percent energy from fat increased significantly from

baseline to weeks 1, 6, and 12 in both groups and was not

significantly different between groups. Mean fat intake at

baseline, week 1, week 6, and week 12 was 103.0, 121.5,

112.2, and 108.0 g, respectively, in the fiber group and

102.7, 111.4, 113.2, and 106.7 g, respectively, in the

placebo group. Fat grams consumed did not increase

significantly over time, and was not different between

groups. From baseline to weeks 1, 6, and 12, energy intake

from carbohydrate decreased by 83.4%, 83.1%, and 80.0%,
for 12 weeks supplemented with 3 g of either soluble fiber or a placebo per

k 12 Mean absolute change, 12 wk P (time)

F 13.2 �7.4 F 3.1

F 15.9 �7.5 F 1.8 b .001

F 5.1 �3.9 F 2.3

F 6.4 �4.4 F 3.0 b .001

F 6.6 �5.6 F 2.8

F 9.3 �5.8 F 2.6 b .001

F 9.2 �1.4 F 1.7

F 8.0 �1.4 F 2.0 b .001

F 0.8 �0.81 F 0.3

F 1.5 �0.83 F 0.3 b .001

F 9.2 �8.0 F 4.3

F 12.4 �8.0 F 4.0 b .001

g repeated-measures ANOVA. P values are for time effects. There were no



Fig. 2. Relative changes in anthropometric measures from baseline to 12

weeks in subjects who followed a CRD and consumed either a soluble fiber

supplement (black bars) or a placebo (white bars). There was a significant

time ( P b .05) but not treatment ( P N .05) effect for each parameter.

BF = body fat; LBM = lean body mass; Ab = abdominal fat;

WC = waist circumference.
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respectively, in the fiber group and by 81.5%, 80.0%, and

79.6%, respectively, in the placebo group; there were no

significant differences between groups. Protein intake

increased during consumption of the diet, resulting in a

significant time but not treatment effect.

Mean dietary cholesterol intake increased from baseline

to weeks 1, 6, and 12 by 70.0%, 63.2%, and 50.1%,

respectively, in the fiber group and by 75.2%, 59.2%, and

59.2%, respectively, in the placebo group, with no differ-

ences between groups.

Soluble fiber intake was significantly greater in the fiber

group than in the placebo group. The fiber group consumed

74%, 93%, and 100% more soluble fiber than the placebo

group at weeks 1, 6, and 12, respectively.

3.3. Clinical measures

All subjects lost weight, but the magnitude varied from

about 2 to more than 12 kg (Fig. 1). Mean weight loss was

not different between groups; subjects in the fiber and
Table 3

Changes in plasma lipids during a 12-week CRD supplemented with 3 g of eithe

Variable Baseline Week 6 Wee

Total cholesterol (mmol/L)

Fiber 4.64 F 0.75 4.09 F 0.60 4.18

Placebo 4.58 F 1.18 4.38 F 0.85 4.30

TAG (mmol/L)

Fiber 1.31 F 0.45 0.94 F 0.41 0.86

Placebo 1.34 F 0.68 0.86 F 0.47 0.77

HDL-C (mmol/L)

Fiber 1.07 F 0.26 1.14 F 0.27 1.17

Placebo 1.08 F 0.33 1.18 F 0.35 1.23

LDL-C (mmol/L)

Fiber 2.98 F 0.72 2.52 F 0.664 2.61

Placebo 2.89 F 1.16 2.81 F 0.89 2.72

Values are mean F SD. Fiber, n = 14; placebo, n = 15. Data were analyzed usin

differences between groups at any given time except for LDL at week 6.

4 P b .05, significantly different from placebo.
placebo groups lost 7.9% and 8.0% of body weight,

respectively. Body fat was reduced by 11.8% in the fiber

group and by 14% in the placebo group (Table 2).

Abdominal fat was reduced by 22.0% in the fiber group

and 22.8% in the placebo group from baseline to week 12.

Abdominal fat had a lower contribution to total fat at week

12 compared with baseline (fiber, 11.8% [baseline] vs

11.2% [week 12]; placebo, 12.3% [baseline] vs 11.8%

[week 12]; P b .001). BMI was reduced over time (fiber,

30.1 F 2.8 to 27.6 F 3.3 kg/m2, P b .001; placebo, 29.3 F
4.1 to 26.8 F 4.2 kg/m2, P b .001). Relative changes in

body composition variables from baseline to week 12 are

shown in Fig. 2. There were no significant differences

between groups in any body composition variable.

From baseline to 12 weeks, the fiber group and placebo

group experienced a significant reduction in total cholesterol

(�10.0%, �6.3%), TAG (�35.0%, �42.5%), and LDL-C

(�12.3%, �6.0%), as well as an increase in HDL-C (10.0%,

14.1%) (Table 3). There were no differences between groups

in any plasma lipid variable; however, the fiber group

experienced a significant reduction in LDL-C from baseline

to 6 weeks (2.98 to 2.61 mmol/L), whereas the placebo

group did not (2.89 to 2.72 mmol/L). By week 12, LDL-C

remained significantly reduced in the fiber group, and the

reduction in the placebo group reached significance.

There was a great deal of individual variability in plasma

lipid responses in the fiber and placebo groups (Fig. 3). It is

notable that all but one subject had a decrease in LDL-C at

week 6 in the fiber group, whereas 6 subjects had an

increase in LDL-C in the placebo group during this period.

Most of the subjects increased HDL-C and decreased TAG,

but the magnitude of change was quite inconsistent with

little impact of fiber on this variability.

Total cholesterol/HDL-C ratio was reduced over time in

both groups (fiber, 4.53 F 1.09 to 3.81 F 1.17, P b .001;

placebo, 4.57 F 1.76 to 3.71 F 1.17, P b .001), with no

differences between groups (P N .05). The TAG/HDL-C

ratio was also reduced in both groups (fiber, 3.05 F 1.42 to
r soluble fiber or a placebo per day

k 12 Mean absolute change, 12 wk P (time)

F 0.63 �0.47 F 0.56

F 0.92 �0.29 F 0.67 b .01

F 0.39 �0.45 F 0.43

F 0.35 �0.57 F 0.47 b .001

F 0.32 0.11 F 0.13

F 0.35 0.15 F 0.18 b .01

F 0.72 �0.36 F 0.59

F 0.95 �0.18 F 0.59 b .05

g repeated-measures ANOVA. P values are for time effects. There were no
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1.93F 1.26, P b .001; placebo, 3.33F 2.46 to 1.67F 1.23,

P b .001), but was not different between groups (P N .05).

Changes in glucose, insulin, insulin resistance, and blood

pressure are shown in Table 4. There was a significant time

but not treatment effect for plasma glucose and insulin

resistance, with no significant time or treatment effect for
Fig. 3. Individual changes in LDL-C (top), HDL-C (middle), and TAG (bottom) for

14) or placebo (right, n = 15) per day for 12 weeks. Reduction in LDL-C was signi

reduction was significant in both groups, and values were not different between gro

HDL-C and TAG. Means for each group are depicted by the thick black bar.
insulin. Systolic blood pressure was reduced by 3.6% in the

fiber group and 8.5% in the placebo group from baseline to

12 weeks. There were no differences between groups.

Diastolic blood pressure remained unchanged in the fiber

group, but was significantly reduced in the placebo group,

with significant differences between groups.
men who consumed a CRD along with 3 g of either glucomannan (left, n =

ficant by week 6 in the glucomannan group only ( P b .05); by week 12, the

ups. There was a significant time ( P b .01) but not treatment effect for both



Table 4

Changes in plasma glucose, insulin, insulin resistance (homeostasis model analysis), and blood pressure during a 12-week CRD supplemented with 3 g of

either soluble fiber or a placebo per day

Variable Baseline Week 6 Week 12 Mean absolute value change P (time)

Glucose (mmol/L)

Fiber 5.09 F 0.83 4.55 F 0.70 4.80 F 0.64 �0.29 F 0.71

Placebo 5.15 F 0.63 4.87 F 0.56 5.01 F 0.56 �0.14 F 0.47 b .01

Insulin (pmol/L)

Fiber 80.9 F 36.4 79.3 F 24.9 83.7 + 33.0 2.8 F 38.2

Placebo 71.1 F 14.6 64.8 F 11.8 77.7 F 32.9 6.6 F 32.0 N .05

Homeostasis model analysis of insulin resistance

Fiber 2.3 F 1.1a 2.0 F 0.6b 2.3 F 0.9a N/A

Placebo 2.6 F 1.2a 2.3 F 1.0b 2.6 F 1.0a N/A b .01

Systolic blood pressure (mm Hg)

Fiber 124.4 F 10.6 123.3 F 8.5 119.9 F 7.7 �4.6 F 10.4

Placebo 124.3 F 10.0 117.7 F 8.3 113.7 F 9.4 �10.5 F 8.7 b .01

Diastolic blood pressure (mm Hg)

Fiber 84.0 F 7.7 84.9 F 7.3 84.3 F 7.4 0.3 F 6.9 N .05

Placebo 85.2 F 9.0 79.3 F 5.74 77.7 F 4.64 �7.5 F 6.9 b .05

Values are mean F SD. Fiber n = 14, placebo n = 15. Data were analyzed using repeated-measures ANOVA. P values are for time effects. Differing

superscripts denote a significant time effect. N/A indicates not applicable.

4 P b .05 (significant differences between groups).
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Blood urea nitrogen and the blood urea nitrogen-

creatinine ratio were increased over time (P b .05), but

not different between groups (P N .05). No differences were

observed over time or between groups for any other

chemistry panel parameter (P N .05; data not shown).

In the fiber group, 11 subjects correctly identified the

supplement group to which they were assigned, 2 were

incorrect, whereas 1 was unsure. In the placebo group, 4

subjects correctly identified their group assignment, 6 were

incorrect, and 6 were unsure. Side effects reported and the

number of subjects who experienced these effects included

decreased appetite (fiber = 5, placebo = 7) and increased

thirst (fiber 2, placebo = 4) with no significant difference in

number of reports between groups. Gastrointestinal side

effects reported included diarrhea (fiber = 7, placebo = 2;

P b .05) and constipation (fiber = 5, placebo = 1; P N .05).

When total gastrointestinal side effects were combined (fiber,

12, vs placebo, 3), there were more side effects present in the

fiber compared with the placebo group (P b .001).
4. Discussion

We previously reported that the beneficial effects of a

CRD diet on lipoprotein metabolism and emerging risk

factors for CVD were independent of fiber intake [15,16]. In

this report, we extend these findings by showing that adding

soluble fiber (ie, Konjac-mannan) to a CRD does not have a

major impact on the response of metabolic syndrome

markers. We did observe a more consistent lowering of

LDL-C at week 6 when fiber was added to a CRD, but this

effect was not apparent at week 12. In prior work conducted

over the last 5 years, we have characterized the lipid

responses to a CRD in normal-weight and overweight men

and women [11]. The significant weight loss (~8.3% of

initial body weight) likely overshadowed any potential
beneficial effects of the glucomannan. In contrast to other

studies that evaluated CRD [23-25], we had extremely low

attrition and high compliance; thus, we are confident that the

results reported represent the true biological adaptations to a

CRD with and without supplemental soluble fiber.

4.1. Effects of a CRD with and without supplemental soluble

fiber on LDL-C levels

The addition of soluble fiber resulted in a 17.6%

reduction in LDL-C, whereas the placebo group experienced

a 3.3% reduction in LDL-C at 6 weeks. At 6 weeks, 93% of

subjects in the fiber group and 60% of subjects in the

placebo group decreased LDL-C. By week 12, both the fiber

and placebo groups had significantly reduced LDL-C levels,

with no significant difference between groups. However, the

overall changes in LDL-C appear to be more consistent in

the fiber group. Because the addition of soluble fiber to

habitual and intervention diets has clearly been shown to

reduce LDL-C [12], we expected to see significant differ-

ences between groups at week 12. Because weight loss has

been demonstrated to have a very significant effect on

plasma lipids [26], it is possible that active weight loss

outperformed the potential effects of Konjac-mannan in the

current study. In addition, previous studies indicating the

effectiveness of Konjac-mannan on LDL-C were not

characterized by weight loss of the same extent as in the

present study [13,14]. It is also possible that with a larger

number of subjects in the Konjac-mannan group we would

have been able to detect statistical differences in LDL-C

even at week 12. Each kilogram of body weight lost is

believed to reduce LDL-C by approximately 0.02 mmol/L

[27]. In the fiber group, mean weight loss was 7.4 kg,

indicating an expected LDL-C reduction of approximately

0.148 mmol/L, with an actual reduction of 0.36 mmol/L.

Weight loss in the placebo group was 7.5 kg, indicating an
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expected reduction in LDL-C of 0.15 mmol/L with an actual

reduction of 0.18 mmol/L. Furthermore, the reductions in

total and LDL-C were attained while subjects consumed

50.1% to 75.2% more dietary cholesterol in comparison to

habitual diet, a finding consistent with our prior work

evaluating dietary cholesterol challenges [28].

In addition to supporting a favorable LDL-C response,

there were other reasons to study the addition of fiber to a

CRD. A number of placebo-controlled studies have shown

that small amounts of Konjac-mannan (1-4 g/d) enhance

weight loss with both energy restriction and ad libitum

energy consumption [29-33]. Konjac-mannan is believed to

spontaneously decrease food consumption by forming a gel

in the stomach, promoting satiety. Independent of its effect

on weight loss, Konjac-mannan taken before or with a meal

reduces the glucose and insulin response by as much as 50%

[34,35] and significantly lowers cholesterol [13,14,36-39].

Most evidence indicates that Konjac-mannan interferes with

cholesterol absorption or enhances cholesterol excretion

through bile [37,40]. In this study, Konjac-mannan did not

lead to significant improvements in weight loss, glucose,

insulin, or lipids beyond those achieved by a CRD alone.

This is most likely due to the powerful metabolic

adaptations associated with carbohydrate restriction and/or

the moderate weight loss [6,20].

4.2. Effects of a CRD on energy intake and weight loss

Subjects were not provided specific instructions regard-

ing energy restriction, yet effectively reduced their energy

intake by 705 kcal/d, equating to a 24.2% to 31.3%

reduction in energy intake throughout the intervention. This

is consistent with the findings of other studies showing

reduced energy intake during ad libitum CRD [41]. Weight

loss diets should be evaluated on their effectiveness at

reducing body fat, particularly abdominal fat, and by effects

on lean body mass. Despite the rapid, large reduction in

body weight in the present study, the weight loss was

predominantly nonlean tissue. Pooled data indicate that 76%

of weight lost was fat mass. Abdominal fat was also reduced

significantly during the intervention. Intra-abdominal fat is

associated with all 5 of the National Cholesterol Education

Program’s Adult Treatment Panel III diagnostic criteria for

the metabolic syndrome, and may have a pathophysiological

role [42]. Our subjects lost a mean 21.6% of abdominal fat,

which was reflected by a mean 8.0-cm reduction in waist

circumference. Abdominal fat accounted for a smaller

percentage of total fat at 12 weeks than at baseline (11.9%

vs 11.3%; P b .05), consistent with our recent findings in

overweight men of a preferential loss of fat from the

abdominal region when following a CRD [17].

4.3. Effects of a CRD with and without supplemental soluble

fiber on other clinical markers of CVD risk

Most health practitioners remain cautious about using

CRDs because of concerns about potential adverse effects

on blood lipids. Our data do not support these concerns,
indicated by an overall favorable effect of CRDs on all

lipoprotein fractions. Our results contribute to the growing

evidence that CRDs consistently and significantly reduce

fasting plasma TAG and increase HDL-C concentrations.

The substantial reduction in TAG is clinically significant

because elevated plasma TAG levels are an independent

risk factor for CVD, principally due to their indication of

higher concentrations of large, very low-density lipoprotein

particles and low plasma HDL-C [43]. Cardiovascular risk

was improved further through an increase in HDL-C. Of the

29 subjects, only 5 experienced reduced HDL-C from

baseline to 12 weeks. Furthermore, our results suggest that

CRDs significantly reduce body weight and, in addition,

they improve cardiovascular risk factors that cannot be

solely accounted for by weight loss. According to a meta-

analysis by Dattilo and Kris-Etherton [27], each kilogram of

weight loss is expected to be accompanied by a 0.015-

mmol/L reduction in TAG. Considering the weight loss in

the present intervention, TAG would be expected to

decrease by 0.111 and 0.112 mmol/L in the fiber and

placebo groups, respectively. However, TAG was reduced

by 0.45 mmol/L in the fiber group and 0.57 mmol/L in the

placebo group. HDL-C is expected to decrease by 0.007

mmol/L for every kilogram of body weight lost during

active weight loss, and increase by 0.009 mmol/L for every

kilogram of weight loss during weight stabilization [27].

Because our subjects were actively losing weight, there

would be an expected reduction in HDL-C of 0.052 and

0.053 mmol/L in the fiber and placebo groups, respectively.

However, the fiber group had an increase in HDL-C of 0.11

mmol/L, and the placebo group an increase in HDL-C of

0.15 mmol/L, doubling what would be expected even

during stabilization of body weight after weight loss.

Changes of this magnitude in TAG and HDL-C are unlikely

due to weight loss alone [6,8] and were not correlated to

weight loss in the current study.

The reduction in SBP was similar between groups and is

similar to reductions reported previously [23,44]. The

significant body weight reduction was most likely the cause

of the SBP decreases, possibly due to reduced plasma renin

activity [45]. An unexpected result was the significant

reduction in DBP experienced by the placebo group only.

The incorporation of soluble fiber to habitual diet with [30]

and without [36] weight loss has resulted in unchanged

DBP, whereas a CRD without supplemental soluble fiber

can significantly reduce DBP [2].

Insulin resistance was significantly reduced over time,

but not between groups. The improvement in insulin

resistance was by virtue of the reduction in plasma glucose,

as insulin was unchanged. Our laboratory has reported a

similar effect on insulin resistance when overweight men

followed a CRD for 6 weeks [9]. The reduction in plasma

glucose may have been caused by changes in hepatic

glucose production. The provision of a high-fat diet

(approximately 89% of energy) in patients with mild type

2 diabetes mellitus for 14 days caused a significantly lower



R.J. Wood et al. / Metabolism Clinical and Experimental 56 (2007) 58–6766
rate of glycogenolysis than a diet high in carbohydrate

(approximately 89% energy) without affecting gluconeo-

genesis [46].

Optimal dietary composition for the treatment of

metabolic syndrome is a current topic of interest to the

medical and research communities. Our results suggest that

a CRD should be considered as a treatment option. Dramatic

improvements in waist circumference and fasting TAG and

HDL-C levels specifically address the needs of individuals

with metabolic syndrome. At baseline, 11 subjects met the

diagnostic criteria for metabolic syndrome, which was

reduced to 4 and 3 at weeks 6 and 12, respectively. The

high rate of retention further supports the applicability of a

CRD for a moderate duration in overweight men.

The results from this study are limited to overweight and

mildly obese men who are otherwise healthy and not

undergoing pharmacological lipid therapy. The duration of

our intervention was moderate, but carefully controlled.

Particularly important is that subjects were clearly follow-

ing a CRD, and changes were consistent and highly

significant. We conclude that the consumption of a CRD

by overweight men provides multiple improvements of

cardiovascular risk profile, and LDL-C levels may be more

rapidly reduced and stabilized through the addition of 3 g of

soluble fiber per day.
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