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Abstract

The purpose of the present study was to evaluate the impact of a lifestyle intervention programme, combined with a daily low-glycaemic

index meal replacement, on body-weight and glycaemic control in subjects with impaired glucose regulation (IGR). Subjects with IGR

were randomly assigned to an intervention group (n 46) and a control group (n 42). Both groups received health counselling at baseline.

The intervention group also received a daily meal replacement and intensive lifestyle intervention to promote healthy eating habits during

the first 3 months of the study, and follow-up visits performed monthly until the end of the 1-year study. Outcome measurements included

changes in plasma glucose, glycated Hb (HbA1c), plasma lipids, body weight, blood pressure and body composition (such as body fat

mass and visceral fat area). The results showed that body-weight loss after 1 year was significant in the intervention group compared

with the control group (21·8 (SEM 0·35) v. 2 0·6 (SEM 0·40) 2·5 kg, P,0·05). The 2 h plasma glucose concentration decreased

1·24 mmol/l in the intervention group and increased 0·85 mmol/l in the control group (P,0·05) compared with their baseline, respectively.

A 5 kg body-weight loss at 1 year was associated with a decrease of 1·49 mmol/l in 2 h plasma glucose (P,0·01). The incidence of normal

glucose regulation (NGR) in the two groups was significantly different (P¼0·001). In conclusion, the combination of regular contact, life-

style advice and meal replacement is beneficial in promoting IGR to NGR.
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Diabetes has recently become a major public health issue in

China, and its prevalence continues to increase(1,2). According

to the latest national study in China, the age-standardised

prevalence of total diabetes and impaired glucose regulation

(IGR) was 9·7 and 15·5 %, respectively(3). IGR refers to a

metabolic status between normal glucose homeostasis and

diabetes(4), and is associated with an increased risk of type 2

diabetes(5,6) and CVD(7–9). Therefore, it is necessary to initiate

effective interventions for IGR patients to promote the resto-

ration of normal glucose tolerance and prevent diabetes.

Lifestyle changes in diet, moderately intense exercise and

modest weight loss have consistently demonstrated benefits

in preventing or delaying the progression of IGR to dia-

betes(10–13). Meal replacement is a relatively new strategy for

weight loss and glycaemic control in diabetic patients(14–16).

However, limited information is available on the impact of

interventions that seek to return those with IGR to normal

glucose regulation (NGR).

In the present study, we performed a randomised, prospec-

tive study to assess the impact of a structured intervention,

which included a daily low-glycaemic index meal replacement

and lifestyle intervention, on glycaemic and body-weight

control among subjects with IGR in China.

Methods

Subjects

Through health-screening examinees, eighty-eight IGR sub-

jects were recruited from two community health service
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centres in urban districts of Shanghai. Eligibility criteria were

as follows: $25 years old; a BMI $18·5 kg/m2; a plasma

glucose concentration of 5·6–6·9 mmol/l in the fasting state,

or 7·8–11·0 mmol/l 2 h after a 75 g glucose load, based on

the 2003 American Diabetes Association criteria for IGR(17).

Subjects were excluded if they had a history of stroke, CHD,

malignancies in the past 5 years, or suspected disease of the

liver, pancreas or kidney. In addition, it should be noted that

all enrollees had not taken insulin, hypoglycaemic or weight-

reduction agents at any time in the 3 months previous to the

beginning of the study. The present study was conducted

according to the guidelines of the Declaration of Helsinki,

and all procedures were approved by the ethics committee of

Huadong Hospital, Fudan University, Shanghai, China. Written

informed consent was obtained from all subjects.

Study protocol

This was a 12-month randomised prospective study. Subjects

were evaluated in the Clinical Nutrition Center of Huadong

Hospital. Eligible subjects were randomly assigned to either

the intervention (n 46) or control (n 42) group using a

random allocation schedule. Randomisation was stratified by

age and the level of fasting plasma glucose.

At baseline, subjects in both groups received an educational

lecture on balanced diet, regular exercise and behavioural

strategies to control blood glucose. All subjects were encour-

aged to follow the ‘2007 Chinese guidelines for the manage-

ment of type 2 diabetes’(18) and ‘Dietary Guidelines for

Chinese’(19) to maintain healthy diet habits, and to increase

physical activity.

Subjects in the intervention group received a daily meal

replacement and intensive lifestyle intervention during the

first 3 months of the study. The low-glycaemic meal replace-

ment product (Pure Grain Company) provided 950 kJ

(227 kcal)/d. It was used to replace breakfast food items

such as milk, soyamilk, rice soup or congee at the morning

meal. About 75 % of breakfast was replaced by the meal

replacement. The primary components of the product were

soyabean, oat and flaxseed in a powdered mixture. The nutri-

ent profile of the meal replacement is outlined in Table 1.

Compliance to the product intake was assessed weekly by

the return of empty formula containers and review of the pro-

duct intake forms by the study dietitians at weekly follow-up.

The intensive lifestyle intervention consisted of: (1) indi-

vidualised eating instructions covering concepts, food

exchanges and low-glycaemic foods; (2) an assessment of

the current physical activity of the subjects, and recommended

moderate exercise, such as walking 30–40 min/d. Subjects met

with a study physician every week for a medical evaluation

that included an assessment of adverse events, and a review

of blood glucose measurements. After 3 months, follow-up

visits were scheduled monthly to obtain data on body

weight, blood glucose, blood pressure and diet.

Analytical techniques

Overnight (10–12 h) fasting venous blood samples were

collected at baseline and at 12 months post-treatment. A stan-

dard 75 g oral glucose tolerance test was also performed, and

2 h post-load glucose samples were obtained. Fasting plasma

total cholesterol, HDL- and LDL-cholesterol, TAG, fasting

plasma glucose, and 2 h plasma glucose were measured

by an enzymatic immunoassay (Roche Automatic Analyzer

modular P800; Roche Diagnostics GmbH). Glycated Hb

(HbA1c) was assessed with an immunosuppressive turbidi-

metric assay (Hitachi Automatic Analyzer 7600-010; Hittachi

High Technologies Corp.).

Body weight, height, waist and hip circumference, and

blood pressure were measured according to standard pro-

tocols. Body composition was assessed by direct segmental

multi-frequency bioelectrical impedance analysis using a

body composition analyser (Inbody720; Biospace Corpor-

ation). BMI was calculated as weight divided by height

squared (kg/m2).

Statistical analyses

Data were analysed according to an intention-to-treat principle

and included all eighty-eight subjects who were randomly

assigned. Primary outcomes were 12-month changes in body

weight and 2 h plasma glucose. Data from baseline and

12-month changes from baseline were compared between the

treatment groups using Student’s t test or the Wilcoxon rank-

sum test for two independent samples. A x 2 test was used to

compare categorical data. The relationship between body-

weight loss and changes in 2 h plasma glucose was examined

by least-squares linear regression. P values #0·05 were con-

sidered significant. Analyses were performed with SAS 9.1.3

(SAS Institute Inc.) and STATA 10.0 (Stata Corp) software.

Results

Of the eighty-eight subjects enrolled in this 1-year study, seven

(two in the control and five in the intervention groups) discon-

tinued participation before completion for various reasons,

including interference with work schedule, travel abroad,

moved away and personal reasons. Finally, a total of eighty-

one subjects (92 %) completed the study. Table 2 shows the

characteristics of each group at baseline. The numbers of sub-

jects taking hypertension and lipid medications at baseline

were not different between the groups (data not shown).

Table 1. The composition of the meal replacement product

Contents 50 g wt serving

Energy (kJ) 950
Protein (g) 10·9
Fat (g) 7·6
Carbohydrate (g) 27·9
Dietary fibre (g) 6·1
Total sugars (g) 5·8
SFA (g) 1·3
Glycaemic index 42

95 % CI 34·4, 49·6
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Body-weight loss

At 12 months, the decrease in body weight, BMI, body fat, and

waist and hip circumference of the intervention group was

significantly higher than that of the control group (P,0·05;

Table 3). In the intervention group, 74 % of the weight loss

was due to the loss of fat mass.

Blood pressure and lipids

Systolic and diastolic blood pressures were similar between

these two groups at baseline and did not change significantly

over the 12-month period (Table 3). At the end of the study,

LDL-cholesterol decreased (0·18 (SEM 0·12) mmol/l) in the

intervention group, but increased (0·33 (SEM 0·13) mmol/l) in

Table 2. Baseline characteristics of the subjects in the intervention and control groups

(Mean values and standard deviations)

Intervention group Control group

Mean SD Mean SD P*

n 46 42 0·21†
Sex (n)

Female 27 19
Male 19 23

Age (years) 60·35 9·78 56·55 8·61 0·06
Obesity (%) – 0th month 32·60 21·40 0·24†
Systolic blood pressure (mmHg) 132·07 19·35 128·18 13·43 0·43
Diastolic blood pressure (mmHg) 83·80 10·28 84·59 10·86 0·69
Weight (kg) 68·24 9·73 69·69 10·36 0·50
BMI (kg/m2) 26·80 3·13 25·72 3·83 0·07
Body fat mass (kg) 24·17 7·03 20·80 6·65 0·01
Visceral fat area (cm2) 134·55 28·16 127·46 26·35 0·25
Waist circumference (cm) 94·64 9·89 92·08 9·48 0·22
Hip circumference (cm) 98·22 7·33 96·93 7·47 0·35
Fasting cholesterol (mmol/l) 5·41 1·10 5·51 0·86 0·64
Fasting TAG (mmol/l) 2·16 1·32 2·75 1·83 0·07
HDL-cholesterol (mmol/l) 1·34 0·29 1·33 0·27 0·68
LDL-cholesterol (mmol/l) 3·42 0·97 3·13 0·82 0·17
Fasting plasma glucose (mmol/l) 5·68 0·55 5·60 0·63 0·56
2 h plasma glucose (mmol/l) 8·90 1·25 9·24 1·58 0·11
HbA1c (%) 5·81 0·38 5·87 0·27 0·51

HbA1c, glycated Hb.
* Difference assessed using Student’s t test.
† x 2 test.

Table 3. Comparison of endpoints at 1 year expressed as changes from baseline

(Mean values with their standard errors)

Intervention group Control group

Mean SEM Mean SEM P*

n 41 40 –
Sex (n)

Female 26 18
Male 15 22

Obesity (%) – 12th month 29·3 22·5 0·31†
Systolic blood pressure (mmHg) 22·59 2·39 1·24 1·80 0·20
Diastolic blood pressure (mmHg) 24·17 1·67 22·00 1·54 0·35
Weight (kg) 21·75 0·35 20·55 0·40 0·02‡
BMI (kg/m2) 20·66 0·13 20·22 0·15 0·02‡
Body fat mass (kg) 21·32 0·31 20·52 0·39 0·04‡
Visceral fat area (cm2) 22·82 2·09 0·15 2·06 0·42‡
Waist circumference (cm) 24·02 0·75 21·77 0·56 0·02
Hip circumference (cm) 21·59 0·39 0·46 0·49 0·001‡
Fasting cholesterol (mmol/l) 20·07 0·12 0·01 0·09 0·58
Fasting TAG (mmol/l) 20·33 0·11 20·46 0·26 0·72‡
HDL-cholesterol (mmol/l) 0·04 0·03 20·02 0·04 0·82‡
LDL-cholesterol (mmol/l) 20·18 0·12 0·33 0·13 0·01
Fasting plasma glucose (mmol/l) 20·12 0·10 0·38 0·09 0·001‡
2 h plasma glucose (mmol/l) 21·24 0·35 0·85 0·86 0·02‡
HbA1c (%) 20·12 0·04 0·07 0·08 0·02

HbA1c, glycated Hb.
* Changes from baseline to 1 year were analysed between the treatment groups using Student’s t test.
† x 2 test.
‡ Wilcoxon rank-sum test.
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the control group (P,0·05). There were no significant differ-

ences in total cholesterol, TAG or HDL-cholesterol between

these two groups (Table 3). In addition, no differences were

detected with respect to hypertension and hypolipidaemic

medications between these two groups at 1 year.

Glycaemic control

At the end of the study, glucose and HbA1c levels were signifi-

cantly reduced in the intervention group compared with the

control group (P#0·02 for both; Table 3). We further evalu-

ated the relationship between long-term body-weight loss

and changes in 2 h plasma glucose: each subject’s 12-month

body-weight change was plotted against the corresponding

12-month change in 2 h plasma glucose. For the observed

range of body-weight changes (4·3 to 29·0 kg), there was a

significant positive linear association between change in

body weight at 1 year and change in 2 h plasma glucose

(r 0·32, P,0·01; Fig. 1). A 5 kg decrease in body fat at 1

year was associated with a decrease of 1·49 mmol/l in 2 h

plasma glucose. Subjects in the two groups were then divided

into three subgroups according to body-weight change. The

incidence of weight loss (body-weight decrease $1·0 kg)

was significantly greater in the intervention group than in

the control group (P¼0·02; Table 4). After 1 year, the rate of

improvement in glucose tolerance (2 h plasma glucose

,7·8 mmol/l) was 56·1 % in the intervention group and

15·0 % in the control group (P,0·001; Table 4).

Changes in the incidence of normal glucose regulation and
type 2 diabetes

Subjects in the intervention group reverted to NGR at a rate

of 39·0 % during the 1-year period, and 14·6 % progressed

to diabetes. In the control group, the incidence of NGR

and diabetes during 1 year was 7·5 and 17·5 %, respectively.

The incidence of NGR in these two groups was significantly

different (P¼0·001; Table 4).

Discussion

The present study was performed to evaluate the effect of a

lifestyle intervention programme and a daily low-glycaemic

index meal replacement on glycaemic and body-weight

control in subjects at risk of developing type 2 diabetes melli-

tus. The main finding of the present study was that glucose

tolerance and body weight were significantly controlled in

the intervention group after a 1-year intervention. Consistent

with these improvements, the incidence of regression from

IGR to NGR in the intervention group was significantly

higher than that in the control group.

Weight control effort was an important component of

the clinical management of diabetes. Previous studies have

suggested that multiple strategies, including lifestyle inter-

vention(20), meal replacements(21) and contact with investi-

gators(22), may contribute to successful weight loss. In the

present study, average weight loss was 21·75 kg in the inter-

vention group and 20·55 kg in the control group. This is

somewhat less than that found in the Diabetes Prevention

Program (DPP)(10) and the Diabetes Prevention Study (DPS)(12).

However, our population was less obese (BMI 26·3 kg/m2)

than the populations in the DPS and DPP, in which the

mean BMI was 31·2 and 33·9 kg/m2, respectively. As of this

writing, it has been 9 months since the end of the meal

replacement intervention, and it is inevitable that many sub-

jects would have regained weight after their initially successful

weight loss. There were about 17·1 % subjects who regained
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Fig. 1. Plot of change in body weight v. change in 2 h plasma glucose at

1 year. The fitted regression equation was (2 h plasma glucose change in

mmol/l) ¼ 0·30 (body-weight change in kg) 2 0·01; r 0·32, P¼0·004.

Table 4. Incidence of normal glucose regulation (NGR) and type 2 diabetes, changes in body
weight, and improvement in glucose tolerance in two groups during 1-year follow-up

Intervention group (n 41) Control group (n 40) P *

Incidence of NGR (%) 39·0 7·5 0·001†
Incidence of diabetes (%) 14·6 17·5 0·73
Body weight‡

Decreased (%) 31·7 10·0 0·02†
Unchanged (%) 65·9 80·0 0·21
Increased (%) 2·4 10·0 0·20†

Improvement rate of OGTT (%)§ 56·1 15·0 ,0·001

OGTT, oral glucose tolerance test.
* x 2 test.
† Fisher’s exact test.
‡ Body weight decreased: decreased by 1·0 kg or more; unchanged: within 1·0 kg change; increased: increased by

1·0 kg or more.
§ 2 h plasma glucose ,7·8 mmol/l.
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weight in the intervention group, and 37·5 % subjects in the

control group (P¼0·04). It should be noted that interventions

in the present study demonstrated benefits in preventing

subjects regain the weight they lost on an intensive interven-

tion phase. A previous study has suggested that, even with

weight regain, losing weight still has long-lasting benefits in

type 2 diabetes(23). Few studies have quantified the effect of

sustained weight loss on glycaemic control(24). Based on the

analysis of IGR subjects in the present study, a 1 kg weight

loss at 1 year would be expected to result in a considerable

decrease in 2 h blood glucose concentration.

Besides the weight reduction, there were significant

reductions in 2 h plasma glucose and HbA1c. Subjects in the

intervention group achieved a mean reduction in 2 h plasma

glucose (1·24 mmol/l) and HbA1c (0·12 %) after 1 year. The

incidence of type 2 diabetes increases in a graded manner

with increasing 2 h blood glucose concentrations(25). In the

DPP, every kg of body-weight loss was associated with a

16 % reduction in diabetes risk(26). Thus, the decrease in

blood glucose and body weight found in the present study

should lead to a decreased risk of progression to diabetes.

However, the incidence of diabetes at the end of the present

study between the two groups was similar. The difference

was that subjects in the intervention group had an increase

rate of progression from IGR to NGR.

The incidence of diabetes at the end of the study in our IGR

patients in the control group was 17·5 % – a much higher inci-

dence than suggested by epidemiological data (11·74 %)(27) or

the DPS (6 %)(12), but similar to the Da Qing study (17·2 %)(28).

However, the incidence of diabetes in the intervention group

was higher than the Da Qing study (14·6 v. 11·4 %, respect-

ively). These discrepancies may result from the long-term

follow-up after the intensive intervention in the present

study and the difference in intervention strategies.

Research data on the regression rate from IGR to NGR are

limited. In diabetes prevention studies with IGR patients,

less often recognised were the 20–50 % of participants who

returned to NGR(10,13,29,30). Therefore, the risk reduction for

type 2 diabetes may reside in restoring NGR rather than in

the maintenance of IGR(31). NGR may be attained through

weight loss and additional aspects of intensive lifestyle modi-

fications. In the DPP, about 25 % of participants returned to

NGR in the lifestyle intervention group during the year of

the study. In our programme, about 39·0 % of patients were

restored to NGR in the intervention group, which was sig-

nificantly higher than that in the control group. In addition,

subjects in the intervention group had a higher rate of

body-weight decrease and 2 h plasma glucose improvement.

Thus, restoration of NGR should be attributed to the decrease

in 2 h glucose concentration and body weight.

The contribution that each component (regular contact,

meal replacement and lifestyle advice) of this programme

made to the outcome was not independent of each other.

The major research limitation of the present study was the

failure to assess the true effect of meal replacement in the

progression to NGR. Future studies should include sub-studies

in order to be able to fully explain the findings.

In conclusion, the present study has illustrated that treat-

ment with regular contact, lifestyle advice and low-glycaemic

index meal replacements was an effective means of improving

weight loss and glycaemic control, and promoting the con-

version from IGR to NGR in IGR patients over a 1-year period.
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