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Beneficial effects of konjac powder on lipid profile in
schizophrenia with dyslipidemia: A randomized
controlled trial
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Background and Objectives: Konjac powder has the effect of improving blood lipids in the general population,
but there is no research on schizophrenic patients who are susceptible to dyslipidemia. The aim of our study is to
evaluate the effects of konjac powder on blood lipid, glucose levels, body weight, and blood pressure in schizo-
phrenia inpatients with dyslipidemia. Methods and Study Design: After a two-week adaptation period, 76 peo-
ple with schizophrenia were enrolled in a 30-day double-blind randomized controlled trial. The subjects in the
experimental group were given a beverage containing konjac powder 30 minutes before each meal, whereas those
in the control group were given a beverage containing resistant maltodextrin. Results: The lipid profile, plasma
glucose, blood pressure, and body weight were measured at baseline and at the end of 30-day treatment. Fifty-
nine subjects completed the study. There was a substantial decrease in total serum cholesterol in the experimental
group, but an increase in the control group. Likewise, apolipoprotein B decreased in the experimental group but
increased in the control group. Conclusions: We concluded that a diet supplemented with konjac powder may
prevent the deterioration of dyslipidemia in people with schizophrenia, demonstrating its potential value in the

treatment of metabolic disorders in schizophrenia as a new therapeutic method.
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INTRODUCTION
Hyperlipidemia is a major risk factor for the development
of atherosclerosis and coronary heart disease. The preva-
lence rate of dyslipidemia is higher in patients with schiz-
ophrenia than in the general population. According to a
meta-analysis by Mitchell et al., up to 40% of patients
with schizophrenia have lipid profile alterations.! One 3-
year follow-up study using Medicaid program infor-
mation reported that 16.9% of schizophrenia patients de-
veloped new dyslipidemia from 2003 to 2005.2 Unfortu-
nately, dyslipidemia in patients with schizophrenia is of-
ten ignored.® Data from the Clinical Antipsychotic Trials
of Intervention Effectiveness schizophrenia trial found
that approximately 88.0% of dyslipidemia cases in people
with schizophrenia were untreated.* According to current
guidelines, such as those of the American College of Car-
diology/American Heart Association (ACC/AHA) and the
European Society of Cardiology/European Atherosclero-
sis Society (ESC/EAS),’ lifestyle changes should be the
primary measures for the treatment of dyslipidemia, in-
cluding adjusting diets, limiting caloric intake, and in-
creasing physical activity.®

Dietary fibre is well known for its ability to decrease
blood lipid levels, especially water-soluble dietary fibres
such as pectin, psyllium, oat brans, guar gums, and glu-

comannan.”” Glucomannan, which is derived from
Amorphophallus konjac, is mainly a straight-chain poly-
mer with a few branches and the component sugars /3 -(1
— 4)-linked D-mannose and D-glucose at a ratio of
1.6:1.!° The mechanism of action of glucomannan in the
treatment of hyperlipidemia may be due to the inhibition
of cholesterol and bile acid absorption in the gut and a
reduction in the release of hydro-3-methyl-glutary-I
(HMG) CoA reductase.!'"!* To our best knowledge, there
is currently a lack of research on the use of soluble fibre
in the treatment of dyslipidemia in schizophrenia patients.
Therefore, this study examined whether konjac flour con-
taining >65% glucomannan is beneficial for schizophre-
nia patients with dyslipidemia.
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METHODS

Subjects

Seventy-six people with schizophrenia aged between 19
and 65 years with serum total cholesterol (TC) >6.22
mmol/L or serum triglycerides (TG) >2.26 mmol/L were
recruited from inpatients of the Second Affiliated Hospi-
tal of Xinxiang Medical University two weeks after hos-
pitalization.'*!> Exclusion criteria included taking drugs
other than antipsychotics that may affect lipid metabolism,
switching antipsychotics or limiting diet intake due to
disease development, and existing secondary causes of
dyslipidemia, such as hypothyroidism or renal disease.
All subjects and their families in both groups voluntarily
participated in this study with informed consent. This
study was approved by the human ethics committees of
the Second Affiliated Hospital of Xinxiang Medical Uni-
versity with the Approval number 2014001 and was reg-
istered at the Chinese Clinical Trials Registry
(http://www.chictr.org.cn) with the registration number
ChiCTR-INR-17011863 (data: July 8, 2017).

Sample size calculation was based on the outcome of a
previous similar research,'® which total cholesterol de-
clined 0.73 mmol/L after intervention of glucomannan. At
the 0.05 level with a power of 0.8, it was calculated that a
total of 40 patients should be recruited for this trial. In
order to reduce statistical errors and improve test effi-
ciency, 60 effective samples were decided.

Study design

The study employed a double-blind placebo-controlled
design in a 1:1 ratio. All participants in the trial were un-
der close management with their range of activity limited,
consistently keeping to the same schedule and diet. A 2-
week run-in period was included at the beginning of cur-
rent study in order to eliminate possible effects of chang-
es to drug regimens, lifestyles, and diets on metabolic
indices. After this baseline period, an experimental period
of 4 weeks followed. During this treatment period, partic-
ipants were required to ingest konjac flour or resistant
maltodextrin 6 g/d.

Allocation concealment and blinding of this trial were
as follows:

a) Allocation concealment: Study designer took charge
of allocation concealment. Before the trial, study designer
took the integers 1 to 100 as the patients’ enrolment serial
number, and randomly divided them into two groups by
random number table. Then the results of the grouping
were stored in opaque sealed envelopes and told to the
dietitian. During study implementation, the investigator
responsible for enrolling the patients informed the dieti-
tian of each patient’s enrolment serial number, and the
dietitian prepared the patient’s meal based on the group-
ing results.

b) Blinding: Both konjac powder and resistant malto-
dextrin are colourless and odourless, as well as the bever-
age of them are difficult to distinguish from the appear-
ance. Researchers who were in charge of health education
of patients, collecting or analyzing data, nurse and doctor
of subjects, and subjects were blinded until the statistical
analysis of the data was completed.

Data collection

Blood sample collection, weight measurement, and blood
pressure testing were performed at the beginning and end
of the treatment. Blood samples were drawn from the
anterior elbow vein after one overnight fast and tested by
clinical laboratory using standard techniques. Body
weight (kg) and height (cm) will be measured using the
Xiheng pointer height and weight scale (Wuxi, Jiangsu)
to the nearest 0.1 kg and 0.1 cm without shoes, wearing
lightweight clothes, barefoot and the head positioned in
the Frankfurt horizontal plane. Participants were required
to visit a toilet before measurements. A questionnaire was
also completed to record the types and lengths of side
effects throughout the trial.

Diet

The wards of patients with schizophrenia in the hospital
adopt closed management — the male and female wards
are separate, and no family members allowed to accom-
pany patients. The three meals of all patients are provided
by the Nutrition Department of the hospital and the foods
are the same for all patients. The only other possible way
for them to get food is the snacks from the visitors. Given
that the subjects are adults and have a small amount of
activity in closed management wards, the dietary stand-
ards of the subjects refer to the standards of adult males
or females with light physical activity recommended in
the Dietary Guidelines for Chinese Residents. That is to
say, we considered the gender, age and activity of the
subjects, but without the body size and dietary history of
them. The energy intakes per day were 1800 kcal for
women and 2200 kcal for men, with roughly 25% of total
calories from fat, 15% from protein, and 60% from car-
bohydrates. A clinical nutritionist made the recipes by
using the Nutrition Therapeutic System of Traditional
Chinese Medicine Combining with Western Medicine
(NCCW) MX 1 (Qingdao, Shandong). Subjects were not
allowed to eat snacks, especially high-fat foods, such as
white bread, instant noodles, and fried potatoes.

Interventions

Trial group received konjac flour, whereas placebo con-
trol group received an equal quantity of resistant malto-
dextrin. Both were instructed to drink 300 mL water, in
which an equal 2 g of konjac flour or resistant maltodex-
trin was dissolved, 30 minutes before three daily meals.
Konjac powder was provided by Yuchunnong Food Co.,
Ltd (Dayao), which contained >65% glucomannan. Re-
sistant maltodextrin powder was sourced from Xiwang
Pharmaceutical Co., Ltd (Zhengzhou). Beverages were
prepared by a dietician and sent to subjects by a delivery
worker. To measure compliance, duty nurses were re-
sponsible for supervising and recording information about
the subjects’ diet and beverage intake, focusing on re-
cording whether patients have abnormal eating behaviour,
such as food refusal and overeating, or refusing to take
beverage.

Statistical analyses

SPSS 22.0 software (SPSS, Chicago, IL) was used for
data analysis. Continuous variables were reported as
mean =+ standard deviation (SD) and Kolmogorov-
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Smirnov test was applied to explore the normality of the
data. The t test or rank sum test were applied to perform
statistical analysis as appropriate. Categorical variables
analysis adopted the Chi-square test. Two-tailed p value
<0.05 was considered statistically significant.

RESULTS

Subjects’ characteristics and compliance

A total of 76 patients participated in this trial from Sep-
tember 2015 to March 2017. Among them, 11 patients
left the hospital before the end of experimental period (six
patients from the treatment group, and five patients from
the control group) and three patients showed poor com-
pliance (one from the treatment group, and two from the
control group). Hyperglycemia occurred in one patient,
who needed to be given metformin and diet therapy. One
patient appeared to have a drug allergy reaction and par-
tial data deficiency was detected in one patient. Finally,
59 (78%) patients completed the study, 30 of whom were
in the experimental group and 29 in the control group.
The flow diagram of the study is shown in Figure 1. Of

the 59 subjects, 33 were men and 26 were women, with a
mean age of 32.0+9.8 years. The baseline characteristics
were similar between the two groups (Table 1). At the
end of the trial, all patients who successfully fulfilled the
test did not show any apparent unusual appearance or
changes to either diet or exercise, which were uniformly
arranged by the hospital. During the trial, the antipsychot-
ics and other medications remained fixed. There was no
significant difference in types or chlorpromazine-
equivalent doses between the 2 groups.

Outcomes of metabolic control
The outcomes of the trial on metabolic control are sum-
marized in Table 2. Lipid profiles were improved in the
glucomannan group compared with the placebo control
group. TC showed substantial changes between the two
groups, of which the glucomannan group nonsignificantly
reduced TC by 3.90%=+14.38% (p=0.084) throughout the
trial and the placebo control group significantly increased
TC by 9.19%+19.59% (p=0.035), respectively.
Considerable statistical changes between the two
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Figure 1. Study flow diagram.
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Table 1. Baseline characteristics of experimental and control participants (n=59)"

Variable Experimental group (n=30) Control group (n=29) p value
Male/Female 17/13 16/13 1.000
Age, years (mean+SD) 32.5749.47 31.46+10.29 0.247
Height, centimetres (mean+SD) 167.47+6.86 166.93+6.88 0.476
Antipsychotics 0.720

Clozapine 11 13

Olanzapine 9 6

Risperidone 7 6

Quetiapine 11 8

Sulpiride 4 7
Schizophrenic duration, years (meantSD) 6.87£5.43 7.25+6.00 0.082

fAll continual data complied with normal distribution and two independent t test was applied to compare the two groups.

groups were also observed in apolipoprotein (Apo) B. In
the experimental group, Apo B was increased nonsignifi-
cantly by 5.05%=+15.92%, while Apo B was decreased
nonsignificantly in the placebo control group by
5.03%+19.79%. There were no statistical differences in
high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), TG, Apo Al,
fasting blood glucose (FBG), blood pressure, and body
weight changes between the two groups.

Additionally, we carried out an analysis of differences
between males and females. Only the changes of TC be-
tween the two groups showed a marked difference in
males but not in females. Also, major differences in Apo
B and FBG changes were detected only in females. Other
major end-point value differences were not found.

DISCUSSION

The result of this randomized controlled trial showed that
taking 2 g konjac powder with 300 mL water 30 minutes
before each meal improved the metabolic profiles of hos-
pitalized schizophrenic patients with dyslipidemia. We
observed improvement in the metabolic parameters of TC,
Apo B, and FBG relative to the placebo control treatment
using resistant maltodextrin.

A number of trials have been previously undertaken to
examine the effectiveness of konjac powder in the general
population in the treatment of metabolic syndrome (ab-
dominal obesity, hyperinsulinemia, dyslipidemia, and
hypertension). Sood et al. performed a systematic review
and meta-analysis to better characterize the effect of
konjac powder on metabolic profile,!” including 14 ran-
domized controlled studies with a total of 531 participants.
Of the trials, glucomannan dosages ranged from 1.2 to
15.1 g per day. Forms of glucomannan were various, in-
cluding capsules, tablets, bars, biscuits, and refined
konjac meal. The combined result showed that gluco-
mannan had a positive effect on lowering TC, LDL-C,
TG, body weight, and FBG compared with control inter-
vention, but no beneficial effectiveness in reducing BP or
increasing HDL was noted. However, a recent meta-
analysis, showed that glucomannan did not significantly
lower body weight.'®

It is generally known that HDL-C is a protective factor
for atherosclerosis and LDL-C a risk factor. The determi-
nation of LDL-C can be affected by a high level of TG,
requiring fasting before blood draws. As an alternative,
the determination of Apo Al and Apo B has been valued

and used widely, especially in the context of coronary
heart disease prediction.'®!° Apo Al and Apo B are the
main proteins of HDL-C and LDL-C separately, but the
correlation between Apo Al (or Apo B) and HDL-C (or
LDL-C) is not consistent.?’! In the present trial, LDL-C
was not reduced in the glucomannan group in comparison
with the placebo group, while Apo B was. This finding
may be due to the high level of TG of some subjects in-
volved in this trial.

Additionally, we carried out a subgroup analysis based
on gender. The percentage change of TC showed a statis-
tically significant difference between glucomannan group
and placebo group only in male subjects. Nevertheless,
significant decreases in Apo B and FBG were observed in
females and not males. Many of the previous studies
found significant gender differences in metabolic profiles.
A crossover randomized controlled trial performed in
children by Guardamagna et al. revealed that glucoman-
nan caused a 6.1% drop in TC and a 9% drop in LDL-C
in females, while the two parameters did not show signif-
icant differences in males.?> Another study, also conduct-
ed in children with dyslipidemia, compared the change
percentage between sex groups and found that TC (fe-
male vs. male, 24% vs. 9%) and LDL-C (female vs. male,
30% vs. 9%) decreased more significantly in female chil-
dren than in male children after 8 weeks of intervention
with glucomannan in gelatine capsules. Similar discover-
ies also emerged in the study of the cholesterol-lowering
effects of psyllium,>® a commonly available source of
dietary soluble fibre.?*?° Both Jenkins et al26 and Sonia
et al23 found that sex and hormonal status influence the
effects of psyllium on lipid profiles by making a compari-
son among men, premenopausal women, and postmeno-
pausal women.

This study also investigated FBG, blood pressure, and
body weight. However, no statistical significance was
observed, with the exception of FBG in female patients.
The lack of significant findings might be because the par-
ticipants involved in our study did not have hypertension,
obesity, or hyperglycemia. Glucomannan did not affect
the normal physiological variation of blood pressure,
body weight, and glucose. These findings were consistent
with those of earlier studies.?”?

There exist some shortcomings in this study. First,
sample size of this trial is inadequate for subgroup analy-
sis, leading to can’t detect the population who gained the
most benefit from konjac powder intervention. Second,
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Table 2. Effects of glucomannan on efficacy outcomes'
Experimental group Control group
Parameter Baseline 30 days Change (%) Baseline 30 days Change (%) p value

TC (mmol/L)

Overall 4.83+0.99 4.60+0.96 -3.90+14.38 4.64+0.81 4.98+0.83 9.19+19.591 0.005%

Male 4.62+1.01 4.47+1.07 -3.11+14.69 4.67+0.62 5.05+0.93 8.43+16.88 0.0448

Female 5.11+0.93 4.78+0.80 -4.93+14.49 4.61£1.03 4.91+0.71 10.13+£23.18 0.058
HDL-C (mmol/L)

Overall 0.95+0.16 0.95+0.15 -2.13+19.80 1.00+0.28 1.05+0.23 -7.55+17.24 0.267

Male 0.9540.15 0.94+0.13 -1.99420.36 0.97+0.24 1.00+0.24 -4.25+13.52 0.712

Female 0.96+0.19 0.96+0.17 -2.31+19.87 1.03+0.33 1.10+0.20 -11.62+20.78 0.254
LDL-C (mmol/L)

Overall 2.66+0.66 2.72+0.75 5.06+31.01 2.61+0.63 2.90+0.74 14.34+31.621 0.260

Male 2.55+0.71 2.63+0.79 7.17+£37.39 2.61+0.49 2.90+0.81 11.46+27.21 0.710

Female 2.81+0.57 2.84+0.70 2.31+21.10 2.61+0.80 2.90+0.69 17.89+37.18 0.201
TG (mmol/L)

Overall 3.42+1.43 2.73x1.16 -17.55+30.111 2.85+0.85 2.66+1.32 -2.754+47.42 0.157

Male 3.54+1.80 2.84+1.36 -14.56+37.21 3.02+0.80 3.09+1.29 8.70+54.35 0.159

Female 3.27+0.78 2.58+0.86 -21.45+17.76" 2.65+0.89 2.13+1.21 -16.85+34.13 0.670
Apo Al (g/L)

Overall 1.17+0.18 1.1140.21 3.67+19.64 1.12+0.24 1.14+0.22 -4.21£19.92 0.132

Male 1.21+0.16 1.12+0.17 7.11+14.261 1.09+0.24 1.12+0.24 -4.59+19.61 0.058

Female 1.12+0.20 1.11+0.27 -0.83+£24.95 1.15+0.25 1.16+0.19 -3.75421.10 0.750
Apo B (g/L)

Overall 1.01+0.22 0.98+0.24 -5.05+15.92 0.96+0.22 1.03+0.24 5.03+19.79 0.035¢

Male 0.96+0.24 0.97+0.27 0.01+13.89 0.97+0.20 1.05+0.26 4.68+19.48 0.432

Female 1.07+0.19 0.98+0.21 -11.67+16.48" 0.95+0.25 1.02+0.22 5.464+20.95 0.0298
FBG (mmol/L)

Overall 5.10+0.79 5.11+1.14 0.45+18.57 5.08+0.81 5.27+0.87 4.16+10.94 0.356

Male 5.110.96 5.33+1.42 4.51+£21.73 5.23+1.01 5.37+1.11 3.10+12.83 0.823

Female 5.09+0.54 4.81+0.52 -4.87+12.23 4.91+0.45 5.16+0.45 5.45+8.40 0.0198

Systolic blood pressure (mmHg)

Overall 114.47+13.12 117.67+8.87 3.66+10.38 112.90+11.60 116.14+11.61 3.38+10.40 0.919

Male 117.82+14.29 119.00+8.14 1.95+10.22 113.56+10.81 119.6949.34 5.99+10.36" 0.268

Female 110.08+10.33 115.9249.80 5.90+10.56 112.08+12.90 111.77£12.96 0.18+9.90 0.167

TAll data were shown as mean +SD and complied with the normal distribution.

Changes between experimental group and control group showed significant difference by two independent t test.
SChanges in female or male between the two groups showed significant difference by two independent t test.

fChanges in experimental group or control group between initial and final period of the trial significantly statistical difference by paired-sample t test
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Table 2. Effects of glucomannan on efficacy outcomes' (cont.)

Experimental group

Control group

Parameter Baseline 30 days Change (%) Baseline 30 days Change (%) p value
Diastolic blood pressure (mmHg)
Overall 76.47+£9.13 77.03£7.55 1.67+12.61 72.52+12.44 74.14+7.94 7.95+42 841 0.445
Male 77.65+10.14 79.18+7.00 2.89410.56 72.13+£14.45 76.63+£8.74 15.62+56.43 0.368
Female 74.92+7.75 74.23£7.59 0.07+15.18 73.00£9.99 71.08+5.77 -1.50+11.26 0.768
Body weight (kg)
Overall 73.73£11.22 74.97+£11.23 1.75+3.181 70.41£11.93 71.24+11.42 1.39+£3.52 0.688
Male 76.12+12.68 77.76+12.67 2.26+3.521 73.88+12.70 74.25+12.79 0.51+2.03 0.093
Female 70.62+8.44 71.31+8.07 1.07+2.65 66.15+9.74 67.54+8.55 2.48+4.63 0.352
Body weight index (kg/m?)
Overall 26.31+£3.72 26.74+3.65 1.75+3.181 25.234+3.70 25.53+3.50 1.3943.521 0.688
Male 25.7944.03 26.34+4.00 2.26+3.521 25.34+3.68 25.4743.71 0.51+2.03 0.093
Female 26.9943.29 27.26+3.22 1.07+2.65 25.10+3.87 25.61£3.36 2.48+4.63 0.352

TAll data were shown as mean £SD and complied with the normal distribution.

Changes between experimental group and control group showed significant difference by two independent t test.
SChanges in female or male between the two groups showed significant difference by two independent t test.

fChanges in experimental group or control group between initial and final period of the trial significantly statistical difference by paired-sample t test.
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the intervention time is short. Because of the median
length of hospital stay of the hospital was 52 days, to re-

duce the drop-out rate, intervention time had to be limited.

Therefore, future trial may consider including long-term
hospitalized patients. Three, owing to lack of sufficient
funds, this trial is lack of follow-up evaluation, in this
regard, we are applying for research grant, in order to
operate further research.

Conclusion

In conclusion, the intake of glucomannan before meals
demonstrated improvement of TC, Apo B, and FBG in
people with schizophrenia with dyslipidemia from our 30-
day intervention study. Other outcomes, such as HDL-C,
LDL-C, TC, blood pressure, and body weight, were not
altered significantly. The findings of this study are con-
sistent with those reported by studies on the general popu-
lation.???%30 It is an encouraging result for people with
schizophrenia that glucomannan may be used in addition
to drug therapy or as an alternative to drug treatment in
the amelioration of dyslipidemia. Given the higher mor-
bidity rate of dyslipidemia and other metabolic abnormal-
ities in people with schizophrenia, more studies on the
effect of diet and exercise in this population are required.
To further clarify the potential benefits and to find the
optimal dosage of konjac powder in people with schizo-
phrenia with dyslipidemia, however, studies with larger
sample sizes and of longer duration are warranted.
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