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Abstract: The aim of this study was to evaluate energy and glycolipid metabolism by determining the intake of energy
and macronutrients in persons with differing glucose metabolisms. In total, 147 patients who were newly diagnosed
with pre-diabetes, 177 patients with diabetes, 139 patients who were previously diagnosed with diabetes, and 140
patients with normal blood sugar were selected from the 103rd Regiment of Xinjiang. All patients had Han nation-
ality and were over 30 years old. Their energy and macronutrient intakes were analyzed from data obtained from
a 3-day food weighing household investigation. Compared to the normal group, the patients in the previously and
newly diagnosed diabetic groups were older, less educated, and had a greater prevalence of hypertension (P<0.05).
Compared to the normal group, patients with abnormal glucose metabolism had larger waist circumferences; higher
systolic and diastolic blood pressure; higher postprandial glucose; higher total cholesterol; lower high-density lipo-
protein cholesterol (HDL-C; P<0.05); higher intakes of energy, carbohydrates, and fat; and lower intakes of protein
and fiber. In addition, the newly and previously diagnosed patients had higher fasting glucose levels (P<0.05).
Compared to the normal group, patients with abnormal glucose metabolism in each sex subgroup also had larger
waist circumferences, and more men had abdominal obesity (P<0.05). Diabetes or pre-diabetes patients had a
higher intake of energy, carbohydrates, and fat, but a lower intake of proteins and fiber. They had severe abdominal
obesity, a greater prevalence of hypertension, higher total cholesterol levels, lower HDL-C, and poor blood glucose
and glycosylated hemoglobin levels, especially postprandial plasma glucose levels.
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Introduction sated. In addition to genetic susceptibility fac-
tors, the impact of environmental factors, inter-
actions between genes and the environment,
and great changes in dietary patterns play a
very important role. With increased industrial-
ization and globalization, various processed
and semi-processed foods are becoming
exceedingly popular, and the total energy intake
of humans has significantly increased [5].
Especially, the intake of carbohydrate as the
chief energy supply is to be recommended, and
can be seen from the food pyramid of the U.S.
Department of Agriculture [6]. However, the pro-

The global incidence of diabetes has increased
gradually in just a few decades, but it has
shown a rapid growth in China[41, 2]. Considering
the problem of a growing diabetic population,
shortages of health professionals, and an
underfinanced Chinese health care system, it is
crucial to provide effective education programs
for a growing number of people with diabetes or
with a high risk of diabetes, particularly in poor
and less educated rural communities. Part of
the population with normal glucose metabo-
lism, which has important features including

insulin resistance, ectopic fat deposition, and
abdominal obesity [3], might get diabetes (dia-
betes mellitus) via a pre-diabetic stage (pre-
diabetes) [4]. Diabetes occurs when the func-
tion of insulin cannot be sufficiently compen-

portion of carbohydrates in the Chinese diet is
traditionally higher because of food habits [7],
and may partially account for differences in the
rates of diabetes onset in China and other
countries.
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Energy and glycolipid metabolism

Traditionally, it was believed that disordered
dietary fat and energy metabolism was closely
related to the incidence of cardiovascular dis-
ease, but recent studies have found that carbo-
hydrate intake is also associated with a disor-
dered metabolism of sugar and lipid in patients
with cardiovascular risk factors [8]. Some stud-
ies suggested that the glucose load played an
important role in the incidence of metabolic
diseases including type 2 diabetes [9]. Recently,
some studies investigated the impact of differ-
ent diet programs on energy and glucose
metabolism, including a low-fat diet, a low-car-
bohydrate diet, and a very low-carbohydrate
ketogenic diet, which had different characteris-
tics, but generally, a moderate caloric restric-
tion. Researchers showed that a low glycemic
load (GL) diet could reduce C-reactive protein
levels and moderately increase adiponectin lev-
els in overweight and obese adults [10]. Other
researchers found that a low-glucose index diet
could reduce the tumor necrosis factor o levels
of monocytes in elderly and obese adults [11],
which could help to improve their insulin
resistance.

Systemic evaluation and analysis also showed
that a low-carbohydrate diet could result in
weight loss in patients with diabetes, and
improve their levels of glycemic control and car-
diovascular risk markers [12]; this diet had sim-
ilar effects to a low-fat diet [13]. In addition, the
Chinese Dagqing study, the Finnish Diabetes
Prevention Study, and the American Diabetes
Prevention Program, all found that moderate
weight loss through lifestyle interventions could
significantly reduce the early development of
diabetes in individuals with abnormal glucose
tolerance [14-16], suggesting that the correc-
tion of the imbalance between energy intake
and energy consumption was crucial for the
regulation of metabolic disorders. However,
there is still no unanimous conclusion about
the appropriate amount of energy, and the rela-
tionship of various nutrients with an abnormal
glucose metabolism. Recently, a few studies
have analyzed the differences of dietary energy
and macronutrient intakes in a population with
different glucose metabolism levels using hori-
zontal comparisons. In this study, the differ-
ences of dietary energy and macronutrient
intakes, glycolipid metabolism, and the possi-
ble relationship with abdominal obesity were
investigated in a Chinese population with differ-
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ent glucose metabolism levels, to aid the selec-
tion of appropriate diet programs for diabetes
and pre-diabetes patients.

Material and methods
Subjects

Resident workers of the Xinjiang Production
and Construction Corps 103 Mission were
screened between October 2008 and May
2009. Patients with fasting blood glucose >6.1
mmol/L were identified using an Oral Glucose
Tolerance Test (OGTT). The diagnoses of diabe-
tes and pre-diabetes were based on the
American Diabetes Association criteria 2003
[17]. In total, 147 patients who were newly diag-
nosed with pre-diabetes, 177 patients who
were newly diagnosed with diabetes, 139
patients who were previously with diagnosed
diabetes, and 140 patients with normal blood
sugar, matched according to sex and age to the
pre-diabetes cases, were selected. All the
selected patients had Han nationality and were
over 30 years old. This study was conducted in
accordance with the Declaration of Helsinki
and with approval from the Ethics Committee of
the First Hospital Affiliated to the Xinjiang
Medical University. Written informed consent
was obtained from all participants. Re-
trospective dietary surveys and 3-day house-
hold food weighing investigations were per-
formed between July and September 2009.
The exclusion criteria were as follows: no chron-
ic infections without effective treatment, no
severe cardiac and cerebrovascular accidents
with sequelae, no obvious liver dysfunction, no
hyperthyroidism without treatment, and long-
term use of diuretics and adrenal cor-
ticosteroids.

Demographic indicator collection

Data were collected through questionnaires.
The survey items included age, sex, education-
al level (less than primary school, less than
high school, or more than junior college), labor
intensity (light, medium, or heavy), regular exer-
cise status (moderate intensity movements
were defined as exercise for more than 5 days
a week with a total of 150 min or more), smok-
ing status (at least one cigarette per day for 1
year), drinking status (at least once a week, a
total of at least two units of alcohol for 1 year),
and hypertension status (diagnostic criteria
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Table 1. Demographic and medical history characteristics of groups with different glucose metabo-
lism levels

. Alr Newl
Grouping diagnoiae?ijM diagnc?sez pm reDM o Normal
N 139 177 147 140
Age 1) Xts 61.3+10.5° 56.0£12.6  53.6+12.9 54.1+12.8
Gender (Male/Female) 59/80 77/100 71/76 68/72
Educated levels N (%) 2) Under the primary school 104 (74.8) 128 (72.3) 83(56.5) 80 (57.1)
Under the high school 18 (12.9) 27 (15.3) 30 (20.4) 9 (20.7)
Above the junior college (12 2) 22 (12.4) 34 (23.1) (22.1)
Labour intensity N (%) Light 6 (33.1) 9 (27.7) 65 (44.2) 2(37.1)
Medium 1(15.1) 6 (20.3) 13 (8.8) (12 1)
Heavy 2 (51.8) 2 (52.0) 69 (46.9) (50 7)
Regular exercises N (%) 5 (46.8) 5 (42.4) 52 (35.4) 2(37.1)
History of smoking N (%) 0 (34.0) 8 (38.4) 39(28.1) 46 (32.9)
History of drinking N (%) 120 (86.3) 164 (92.7) 137 (93.2) 130(92.9)
Diagnosis of high blood pressure N (%) 3) 77 (55.4) 119 (67.2) 70 (47.6) 55 (39.3)

Note: 1) F=11.535, P=0.000; 2) Chi-Square=19.225, P=0.000; 3) Pearson x?’=26.994, P=0.000; All other indicators were with
P>0.05. a: The differences of the groups compared with other three groups had significance. b: There was no significant differ-

ence between the two groups.

were high blood pressure or prescription of
antihypertensive drugs).

Anthropometric indicator collection

Height, body weight, waist circumferences
(WC), and hip circumferences were measured.
Body-mass indices and waist-to-hip ratios were
calculated. Body mass index was calculated as
kg/m2. The horizontal circumference of the
midpoint between the subcostal lowest point
and the iliac crest was taken as the WC, while
the horizontal circumference of the most promi-
nent area of the gluteus maximus was taken as
the hip circumference. The measuring scale
was used with appropriate tightness.

Dietary survey

The survey was performed with a food frequen-
cy questionnaire and a 3-day household food
weighing investigation. The local medical staff
members were trained to provide assistance.
Diabetic diet software was used (edited by
Aihong Cao) to calculate the total daily intakes
of energy, carbohydrates (CHO), fat, protein
(PRO), and fiber.

Biochemical parameters
Blood samples were obtained during a fasting

state (8-12 h) and serum was separated from
cells after immediate centrifugation. Samples
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were placed in -20°C freezers within 2 h of col-
lection until required for analysis. OGTTs were
performed using 75 g anhydrous glucose, oral
powder. Fasting plasma glucose (FPG), total
cholesterol, triglycerides, and high-density lipo-
protein cholesterol (HDL-C) were detected from
overnight fasting venous blood. After immedi-
ate centrifugation, venous blood after oral glu-
cose intake or 2 h postprandial blood was used
to detect the 2 h glucose level using an OGTT
(postprandial plasma glucose, PPG). Blood glu-
cose was determined using the glucose oxi-
dase method, and cholesterol and triglycerides
were analyzed using the oxidase method.
HDL-C was measured using the direct method.
Ningbo Asia-Pacific reagents and the charm
1800 automatic biochemical analyzer were
used. Low-density lipoprotein cholesterol was
calculated using the Friedewald formula.
Glycosylated hemoglobin (HbAlc) was mea-
sured using affinity chromatography.

Sample size calculation

The required sample size was calculated using
a pretest. According to the result for dietary
energy in a community, s=1806 kcal/d, =256
g/d, t,,,=1.960, N=(1.960%1806)*/256°=98.

Statistical analysis

This was a cross-sectional study. The data were
processed by two persons who were blinded to
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Table 2. Anthropometric characteristics, biochemical parameters and dietary survey results of groups
with different glucose metabolism levels (X +s)

Already diagnosed

Indicators Newly diagnosed diabetes ; Pre-diabetes Normal F P
diabetes

WC (cm) 88.51£9.7 90.81£9.6 88.2+10.5 84.1+10.1* 11.158 0.000
WHR 0.91+0.07 0.92+0.07 0.91+0.08 0.88+0.08% 8.709 0.000
BMI (kg/m?) 24.8+3.3 25.1+3.5 24.9+3.6 24.1+3.1 2.163 0.091
SBP (mmHg) 124.9+19.6 131.9+£18.9° 123.9+18.9 121.4+14.9 8.425 0.000
DBP (mmHg) 80.3+12.1 78.7+11.4 79.2+12.0 76.3+10.5 3.169 0.024
FPG (mmol/I) 8.17+2.34 9.42+3.60 5.60+0.97° 5.33+0.32° 118.167 0.000
PPG (mmol/I) 12.53+6.88 15.99+6.63 8.32+1.93 6.97+0.79 95.750 0.000
HbA1c (%) 7.54+0.61 8.07+0.66 6.62+0.29 5.08+0.45° 49.83 0.000
TC (mmol/1) 5.61+1.48 5.60+£1.40 5.78+1.57 3.97+0.82* 55.965 0.000
TG (mmol/I) 2.07+1.88 1.75+1.38 2.08+1.78 2.20+1.09 2.009 0.111
HDL-c (mmol/I) 1.46+0.56 1.42+0.46 1.49+0.48 2.99+0.84° 233.535 0.000
LDL-c (mmol/I) 3.24+1.14 3.45+1.16 3.43+1.30 3.14+1.02 2.339 0.072

Note: a: The differences of the groups compared with other three groups had significance. b: There was no significant differ-

ence between the two groups.

the data. Statistical analysis was performed
using SPSS 16.0 software. Measurement data
among groups were compared using the F test
(including multiple comparisons among groups
using the Student-Newman-Keuls method),
enumeration data were compared using the x2
test, and ranked data were compared using the
rank-sum test. P<0.05 was considered to have
statistical significance.

Results

Basic characteristics of the study subjects

The differences of age, educational level, and
history of hypertension within the four groups
had statistical significance. The average age of
patients in the previously diagnosed diabetes
group was 7.7 years older than in the pre-diabe-
tes group, and 7.2 years older than in the nor-
mal group (P=0.000). The proportion of sub-
jects educated to less than primary school level
in the diabetes group was 18.3% higher than in
the pre-diabetes group, and 17.7% higher than
in the normal group. And the proportion of peo-
ple educated to a level above junior college in
the diabetes group was 10.9% lower than in the
pre-diabetes group, and 9.9% lower than in the
normal group (P=0.000). The proportion of
patients with high blood pressure in the newly
diagnosed diabetes group was 19.6% higher
than in the pre-diabetes group, and 27.9% high-
er than in the normal group (P=0.000).
Differences in sex, labor intensity, regular exer-
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cise, smoking, and drinking history had no sig-
nificance (P>0.05). In addition, there was a sig-
nificant difference between the prevalence of
hypertension in the previously diagnosed and
newly diagnosed groups, and it was 11.2%
higher in the latter than in the former (Table 1).

Anthropometric characteristics, biochemical
parameters and dietary survey results

The differences in the WC, waist-to-hip ratios,
systolic and diastolic blood pressure, FPG, PPG,
total cholesterol, and HbAZlc in the four groups
were statistically significant (P=0.000, 0.000,
0.000, 0.024, 0.000, 0.000, 0.000, 0.000,
respectively). These indicators in the newly and
previously diagnosed diabetes groups, and the
pre-diabetes group ranged from 4.1-6.7 cm,
0.03-0.04, 2.5-10.5 mmHg and 2.4-4.0 mmHg,
0.27-4.09 mmol/L, 1.35-9.02 mmol/L, 1.63-
1.81 mmol/L and 1.54-2.99% higher than in
the normal group, respectively, while the HDL-C
levels in the aforementioned 3 groups were
1.50-1.57 mmol/L lower than in the normal
group (P=0.000, 0.000; Table 2).

Although the differences in FPG, energy, CHO,
fat, and PRO among the four groups showed
statistical significance (P=0.000), the results of
multiple comparisons showed that the differ-
ence in the FPG between the pre-diabetes
group and the normal group had no statistical
significance. The PPG and HbAl1c of the pre-
diabetes group were 1.35 mmol/L and 1.54%
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Table 3. Dietary survey results of groups with different glucose metabolism levels (X £s)

Newly Already

Indicators diagnosed diabetes  diagnosed diabetes Pre-diabetes Normal F P

Energy (kcal/d) 1744.44529.1° 1792.8+567.0° 2067.7+594.8 1534.4+327.0 25.973  0.000
CHO (g/d) (Energy%) 226.3+90.5° (51.9%) 220.5+84.0° (49.2%)  283.5+106.4 (54.8%) 180.5+69.5 (47.1%) 32.782 0.000
Fat (g/d) (Energy%) 71.9+28.4 (37.1%) 80.5+33.2" (40.4%) 79.5+28.0° (34.6%) 63.5+11.4 (37.2%) 12.435  0.000
PRO (g/d) (Energy%)  48.0+20.1°(11.0%) 46.5+19.4% (10.4) 54.3+19.0 (10.5%) 60.3+18.6 (15.7%) 15.593  0.000
Fiber (g/d) 8.82+3.66 8.99+3.90 8.29+1.57 10.84+4.75° 13.251  0.000

Note: a: The differences of the groups compared with other three groups had significance. b: There was no significant difference between the two groups.

Table 4. Differences of waist circumferences (WC) (X +s) and abdominal obesity N (%) in gender
stratified groups with various glucose metabolism levels

Gender and groups WC (cm) (X £s) F P Abdominal obesity N (%) Pearson x? P
Male N=275
Pre-diabetes 89.6+11.1 6.279 0.000 38 (53.5) 19.554 0.000
Newly diagnosed diabetes 89.7+9.0 36 (46.8)
Already diagnosed diabetes 92.6+10.9 41 (69.5)
Normal 84.7+10.92 21 (30.9)
Female N=328
Pre-diabetes 87.0+9.7 5.408 0.001 59 (77.6) 7.421 0.060
Newly diagnosed diabetes 87.5+£10.2 79 (79.0)
Already diagnosed diabetes 89.51£8.3 70 (87.5)
Normal 83.4+9.42 50 (69.4)

a: The differences of the groups compared with other three groups had significance. b: There was no significant

difference between the two groups.

higher than in the normal group, respectively,
while the differences in the levels of energy,
CHO, fat, and PRO between the newly diag-
nosed diabetes group and the previously diag-
nosed diabetes group were not statistically sig-
nificant, and the energy, CHO, and fat of the
newly diagnosed diabetes group and pre-diabe-
tes group were 210 kcal/d and 533 kcal/d,
45.8 g/d and 103.0 g/d, and 8.4 g/d and 16.0
g/d higher than in the normal group, respec-
tively. The levels of PRO and fiber in the afore-
mentioned two groups were 12.3 g/d and 6.0
g/d, and 2.02 g/d and 2.55 g/d lower than in
the normal group (Table 3).

Sex-stratified analysis

The differences in the WC of both the male and
female subgroups of the four groups were sta-
tistically significant (P=0.000, 0.001). The WC
in the male and female subgroups of the nor-
mal group were 4.9-7.9 cm and 3.6-6.1 cm
lower than in the other 3 groups with abnormal
glucose metabolism. Among the four groups,
only the difference in the proportion of men
with abdominal obesity had a statistical signifi-
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cance (P=0.000), and this proportion in the
normal group was 15.9%-38.6% lower than in
the other three groups with abnormal glucose
metabolism (Table 4).

Discussion

The subjects in this study were staff of the
Xinjiang Department of Production and
Construction Corps with relatively fixed work
and residences. Many of them were workers
undertaking various degrees of manual labor;
their exercise was more regular and they rarely
ate out, so it was easy to achieve a high compli-
ance rate for the survey.

The results of this study indicated that the
probability of pre-diabetes developing into dia-
betes increased with age. It was found to be
related to the declining insulin secretion of
aged pancreatic islet B cells. Meanwhile, a low
education level may lead to lack of knowledge
of health care, poor economic conditions, high
caloric intake of staple foods, less intake of
fresh fruits and vegetables, and no attention to
exercises, resulting in abdominal obesity and
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glycolipid disorders, and thereby causing diabe-
tes. In addition, the proportion of subjects with
both diabetes and hypertension was higher,
and may be associated with different degrees
of insulin resistance that can affect the blood
pressure levels in diabetes.

The dietary surveys and biochemical data indi-
cated that the different dietary intake levels for
energy and macronutrients were closely relat-
ed to glycolipid metabolism and blood pres-
sure. This may be associated with hyperinsu-
linemia caused by increased dietary GL and
decreased insulin sensitivity. Since the dietary
intake of protein may promote the role of insu-
lin, the deficiency of protein intake might also
aggravate insulin resistance. These findings
are consistent with some previous studies. One
of these revealed that diets with a high propor-
tion of carbohydrate could raise fasting insulin
levels compared to lower-carbohydrate diets
[18], while another observational study showed
positive associations between GL and triglycer-
ide concentrations, and inverse associations
between GL and HDL-C concentrations [19].
Above all, chronic hyperinsulinemia plays a criti-
cal role in the development of insulin resis-
tance, along with hypertension and dyslipid-
emia, especially in the setting of excess energy
intake and obesity [20].

Abdominal obesity was a manifestation of insu-
lin resistance, and WC could reflect abdominal
obesity. The results of this study should be fur-
ther analyzed. Abdominal obesity and energy
metabolism imbalance in the abnormal glucose
metabolism groups were even more serious,
and this may be related to a decrease in insulin
sensitivity, and fatty acid metabolism disorders
caused by increased dietary lipid load.

Generally, we found that the quantity of dietary
carbohydrate, fat, PRO, and fiber intakes were
closely related to the glucose metabolism sta-
tus and energy/lipid metabolism disorders. If
long-term follow-ups or dietary intervention
treatments were performed, it would help in
revealing the appropriate energy ratio for
dietary macronutrients and in providing a refer-
ence for the prevention and treatment of meta-
bolic disorders; this would be the direction for
future efforts.

The major limitation of the work is that we did
not describe the composition of the macronu-
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trients, such as the type of fat (saturated,
monounsaturated, and polyunsaturated), car-
bohydrates (simple and complex), protein (from
animal and plant), and fibers (soluble and insol-
uble); analyze their biological actions; and
adjust for confounders such as micronutrient
intake. We will improve the study design and
methods in the future.
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