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Original Article

Nutrition education guided by Dietary Guidelines for
Chinese Residents on metabolic syndrome characteristics,
adipokines and inflammatory markers

Shi-xiu Zhang PhD'?, Hong-wei Guo MD', Wen-tao Wan MD', Kun Xue PhD'

lDepartment of Nutrition and Food Hygiene, School of Public Health, Fudan University, Shanghai, China
?Institute of Nutrition and Food Hygiene, School of Public Health, Shandong University, Jinan, China

Objective: The objective of this study was to test whether “Dietary Guidelines for Chinese Residents” have
beneficial effects on anthropometric and metabolic variables, adipokines and inflammatory markers in metabolic
syndrome patients. Methods & Procedures: A multi-stage sampling method was applied to select metabolic syn-
drome patients in two districts of Shanghai. Two hundred and seventy-two metabolic syndrome patients were di-
vided into control and intervention groups according to their district. Nutrition education guided by “Dietary
Guidelines for Chinese Residents” was performed in the intervention group for one year. Results: Nutrition-
related knowledge, attitudes and behavior were improved in the intervention group. Potassium intake and food to
total energy ratio for grain, vegetable and fruit increased while sodium intake as well as fat to total energy ratio
decreased in the intervention group compared to the control group (p<0.05). Correspondently, the intervention
group significantly improved its waist circumference, waist to hip ratio, high-density lipoprotein cholesterol,
adiponectin, leptin and tumor necrosis factor-o. compared to the control group (p<0.05). Waist circumference
changes from baseline to end of the study in the intervention and the control groups were -3.9+0.3 and -2.3+0.4
cm respectively. There was a significant difference between the two groups (p=0.004). Means of waist circum-
ference, waist to hip ratio, leptin and tumor necrosis factor-o were lower, and high density lipoprotein-
cholesterol was higher in the intervention group than the control group (p<0.05). Conclusion: This study con-
firmed “Dietary Guidelines for Chinese Residents” had beneficial effects on anthropometric, lipids, adipokines
and inflammatory markers in metabolic syndrome patients.
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INTRODUCTION
Dietary pattern have been correlated with chronic non-

communicable diseases. High intakes of vegetables, fruits,

legumes, whole grains, fish, and poultry have been con-
nected with lower risk of cardiovascular diseases, while
high intakes of red meat, processed meat, refined grains,
sweets and dessert, French fries, and high-fat dairy prod-
ucts have been connected with higher risk of cardiovascu-
lar diseases.'”

The metabolic syndrome, which is a cluster of obesity,
high glucose, dyslipidemia and high blood pressure has
been noticed for a long time.’ It has been identified as a
risk factor of cardiovascular diseases and type 2 diabetes.**
Nutrition education intervention can help to improve the
health status of metabolic syndrome patients. In Italy,
metabolic syndrome patients improved their health status
by adopting a Mediterranean-style diet and two years
nutrition education.’ Mediterranean diet was rich in fruits,
vegetables, nuts and olive oil. After two years, the meta-
bolic syndrome patients reduced their body weight, high
sensitivity C reactive protein, interleukin-6, interleukin-7,
interleukin-18 as well as insulin resistance. Nutrition edu-
cation intervention using “Dietary Approaches to Stop
Hypertension™ as a guideline also helped to lower blood
pressure and had suitable effects on blood lipids.*” The

Dietary Approaches to Stop Hypertension also reduced
most of the metabolic risks in metabolic syndrome pa-
tients.® The diet had reduced energy, saturated fat, total
fat, cholesterol and Na and increased amounts of fruits,
vegetables, low-fat dairy and whole grains consumed.
Currently, there are few nutrition education programmes
using “Dietary Guidelines for Chinese Residents” as
guidance in international journals. Also, there are few
reports about the effect of “Dietary Guidelines for Chinese
Residents” on the metabolic syndrome. Therefore, this study
was initiated to test whether “Dietary Guidelines for Chi-
nese Residents” have beneficial effects on anthropometric
and metabolic variables in patients with the metabolic
syndrome. Besides traditional markers associated with the
metabolic syndrome, there are several adipokines and
inflammatory markers that have been correlated with the
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metabolic syndrome, such as adiponectin, tumor necrosis
factor-a, leptin and C-reactive protein.”'® The effects of
nutrition education on these adipokines and inflammatory
markers were also investigated.

MATERIALS AND METHODS

Subjects

A multistage sampling method was used to select meta-
bolic syndrome participants in 2 urban districts in Shang-
hai. Two thousand and eight hundred participants aged
30-65 were randomly selected from candidates listed in
the residential registration record. All participants provided
written informed consents. The protocol was approved by
the School of Public Health Ethics Committee of Fudan
University.

Data of demographic variables (age), health (weight,
height, waist circumferences, any known diseases) and
medical history were collected to screen possible meta-
bolic syndrome patients using a standardized question-
naire by home interview. Home interview was conducted
by public health postgraduate students of Fudan Univer-
sity and public health workers of community hospitals.

A total of 622 eligible participants further took a
physical examination and their blood were taken for fur-
ther lab measurements at the local health stations after a
home interview. Participants were required to fast over-
night. The eligibility of the participants was defined as
those free from the following conditions: 1) severe psy-
chological disorders, physical disabilities, cancer, cardio-
vascular diseases, Type 1 diabetes, Alzheimer’s disease,
or dementia or 2) currently diagnosed with tuberculosis,
AIDS, and other communicable diseases.

Two hundred and seventy-two subjects were diag-
nosed with the metabolic syndrome through physical
exam and lab measurements. Metabolic syndrome pa-
tients in one district were chosen as the intervention

group (n=130), and the other as the control group (n=142).

Nutrition education was performed in the intervention
group for one year (From May 2007 to May 2008). Two
hundred and thirty-five patients completed the entire year
of study (n=115 in the intervention group, n=120 in the
control group).

Definition of metabolic syndrome

The metabolic syndrome was defined according to the
International Diabetes Federation guidelines: abdominal
obesity (waist circumference, WC >90cm for men and
>80cm for women) and any two of the following four
factors: 1) triglyceride (TG) >1.7 mmol/L or specific
treatment for this lipid abnormality; 2) high-density lipo-
protein-cholesterol (HDL-C) <1.03 mmol/L for men and
<1.29mmol/L for women or specific treatment for this
lipid abnormality; 3) systolic blood pressure (SBP) >130
mmHg or diastolic blood pressure (DBP) > 85 mmHg or
treatment of previously diagnosed hypertension; 4. fasting
glucose (FG) > 5.6 mmol/L, or previously diagnosed type
2 diabetes.

Anthropometric and biochemical measurements

Weight and height were assessed with participants in
lightweight clothing and without shoes. Waist circumfer-
ence was measured midway between lower costal arch

and iliac crest, and hip circumference was measured at the
widest point over the buttocks. All measurements were
performed by the same trained public health worker.
Blood pressure was assessed with a mercury sphygmo-
manometer. The body mass index (BMI) and waist to hip
ratio (WHR) were then calculated as weight/(height)”, and
as waist circumference/hip circumference, respectively.

Blood samples were collected after fasting overnight.
Fasting glucose and lipids were determined with an
automatic analyzer (Hitachi 7180 Japan) using reagents
from Shanghai Fenghui Med-Tech, Inc. Insulin was
measured with SN-695 Counter (Shanghai Hesuo Rihuan
Photoelectric Instrument Co., Ltd) using radioimmune
assay kit from Beijing Chemclin Biotech Co. Ltd. The
Homeostasis model assessment of insulin resistance
( HOMA-IR ) was then calculated with the formula: FG
(mmol/L) x Fasting insulin (uIU/mL)/22.5. Human adi-
ponectin, tumor necrosis factor-o, leptin and C reactive
protein in serum were determined with ELX-800 enzyme-
linked analyzer (BIOTEK) using an enzyme linked im-
munosorbent assay kit from Beijing Tianlai Med-Tech,
Inc (adiponectin only) and Jingmei Biotech Co., Ltd.

Nutrition education description

Patients in the intervention group were educated based on
“Dietary Guidelines for Chinese Residents” composed by
Chinese Nutrition Society,'' in which energy intake was
recommended (according to age range and physical activ-
ity), and quantities and kinds of food for each energy in-
take level were suggested. The recommended energy in-
take for light activity was as follows: 2200 kcal for men,
1800 kcal for women under the age of 60, and 2000 kcal
for men, 1600 kcal for women over 60. Quantities and
food groups for each energy intake level are shown in
Table 1.

Moreover, patients in the intervention group were ad-
vised to reduce sodium, simple sugar and fat intake (es-
pecially cooking oil and pork lard), increase the intake of
whole grain (for example using corn or oat to replace
refined rice), deep colored vegetables and fruits (the in-
take of colored vegetables and fruits should account for
half of the total vegetables and fruits that they take). The
recommended composition of the dietary regimen was as
follows: carbohydrates, 55% to 60%; proteins, 12% to
15%; total fat, less than 30%; saturated fat, less than 10%;
cholesterol consumption, less than 300 mg per day.

After two kick-off lectures held by a professor and a

Table 1. Recommended food intake for different energy
level (g/d)"!

1600 1800 2000 2200 2400

Food group kcal kcal kcal  kcal kcal
Grain 225 250 300 300 350
Soybean and nut 30 30 40 40 40
Vegetable 300 300 350 400 450
Fruit 200 200 300 300 400
Meat 50 50 50 75 75
Milk 300 300 300 300 300
Egg 25 25 25 50 50
Fish 50 50 75 75 75
Cooking oil 20 25 25 25 30
Salt 6 6 6 6 6
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lecturer in Nutrition, patients in the intervention group
were given an education lesson and a nutrition consulta-
tion once every month. There was one educator responsi-
ble for training. The educational material was validated
by the corresponding author. The educator and her co-
worker conducted home interviews. Alternatively, they
made phone calls or mailed the educational material if
patients did not attend the class. For each education class,
the educator met over 80% of the patients who did not
drop out of the study.

Patients in the control group received instructions on
choosing healthy food every four months but were not
offered individualized consultation.

24-hour dietary recall interviews for 3 days including
two weekdays and one weekend day were performed,
both at the beginning of the study and at the end of the
one year study period. Nutrient intakes from the dietary
recalls were calculated using the SY Nutrients Analysis
software programmed by the Fudan University Depart-
ment of Nutrition, according to the Chinese food nutri-
ents.'?

Nutrition education was evaluated through a “knowl-
edge, attitude and practice” (KAP) questionnaire, and
physical activity survey was performed using translated
“International Physical Activity Questionnaire-Short”
(IPAQ-s). The questionnaires were performed both at
baseline and one year '*'* Knowledge section of KAP
included 14 questions related to “what was the proper
amount for cooking oil/salt intake”, “food nutrition” and

Table 2. KAP and physical activity at baseline and one year

“impact of food/nutrition on health”. Attitude section of
KAP survey included “It is important to sustain a rational
weight”, “I can not change weight, as I am born fat or
slim”, “I can eat whatever I like”, “Healthy lifestyle can
prevent cardiovascular disease”, “It is important for me to
use rational amount of sugar”, “Attitude towards consum-
ing more vegetables and fruits”, “Attitude towards reduc-
ing fat intake”. Practice section was to know frequency of
good dietary habits, such as “Intentionally control in us-
ing cooking oil, salt and sugar”, “Consuming more
fish/birds (like chicken or duck) to replace livestock
meat”, “Taking vegetables and fruits”, “Avoid taking
obvious fat”, “Taking legumes and milk”.

During the intervention, the importance of taking
medication for hypertension on time was also addressed,
patients were advised to see doctors if they had questions
about medication. As there was a fairly high possibility
that patients went to see doctors, those who made any
changes in medications would be excluded in further
evaluation.

Statistical analysis

Statistical analysis was performed using Stata 8.0 by Stata
Co. Variables were presented as means=SD or others as
stated. The Pearson chi-square test was used to test the
male/female difference between the two groups. Wil-
coxon rank sum test was used to test the age difference
between groups. Linear mixed-effects model using the
XTREG procedure in Stata software was fitted to test

Intervention Comparison Change differ-
Time point Control group between group ence between
group p value group p value
KAP-knowledge, %
Right answers baseline 65.5+22.6 62.8420.4 0.359 <0.001
one year 66.7+£20.8 76.1£15.6%** 0.001 ’
Wrong answers baseline 17.0+11.6 18.8+10.9 0.257 0071
one year 15.4+9.9 13.44+8.2%** 0.198 ’
Reply as “not sure” baseline 17.5+£23.1 18.4+21.5 0.762 0.017
one year 17.9£19.7 10.4£15.3%** 0.012 ’
KAP-Attitude toward healthy diet, %
Answers agree baseline 68.6+21.1 67.6+21.3 0.854 0175
one year 72.0+20.5 76.6£17.4%**%* 0.120 ’
Answers not agree baseline 16.9+16.2 14.0+14.5 0.163 0943
one year 14.5+16.3 11.6£11.9 0.178 ’
Reply as “not sure” baseline 14.5+14.5 18.4+15.6 0.096 0.059
one year 13.5+14.6 11.8+£12.7%** 0.424 ’
KAP- Healthy diet practice, %
Often baseline 64.5+£26.3 5444253 0.004 <0.001
one year 65.4£19.9 69.1£22.0%** 0.309 ’
Sometimes baseline 20.1+£19.2 24.6+20.6 0.123 0078
one year 20.1£16.6 17.7£17.8** 0.400 ’
Seldom baseline 15.4+17.6 21.04£20.5 0.031 0.026
one year 14.5+16.0 13.24£15.1%** 0.634 ’
Physical activity, hours
Vigorous activity/week baseline 0.6+1.7 1.6+6.0 0.074 0.09
one year 0.5£2.0 0.3+1.4%* 0.748 ’
Moderate activity/week baseline 2.9+5.3 3.0+6.3 0.668 0.926
one year 2.4+3.8 2.9+6.5 0.594 ’
Walking/week baseline 7.7+6.6 9.4+11.4 0.193 0781
one year 9.2+7.5 10.6+9.1 0.314 ’
Sitting/day baseline 5.4+3.0 5.0+£2.4 0.337 0479
one year 4.5+2.1%* 4.4+2.2%* 0.901 )

* for p range when comparing the difference within group.* p <0.05;** p <0.01;*** p <0.001



80 S Zhang, H Guo, W Wan and K Xue

differences of change between groups. These models in- by estimation of the parameter in linear mixed-effects
cluded random intercepts to accommodate the repeated model. Significance was defined at the level of p<0.05.
measures gathered from each study participant as well as

terms for the fixed effects of time, study group, and the RESULTS

interaction between time and study group. So, changes KAP and physical activity changes

within each study group during the study, and the differ- Knowledge, attitude, and practice improved in the inter-
ence between groups at each time point were also tested vention group, as shown in Table 2. For knowledge in the

Table 3. Daily nutrients intakes at baseline and one year

Comparison Change difference
Nutrient Time point Control group Intervention group between group p between group p
value value
Energy, kcal baseline 1708+509 1609+472 0.119 <0.001
one year 1712+464 1909+£521%** 0.002 '
Fiber, g baseline 7.6£10.8 7.4+6.0 0.820 0.078
one year 7.6+5.0 9.6+5.6* 0.030 '
Carbohydrate, g baseline 207£72 194473 0.185 <0.001
one year 219+75 255+67%%* <0.001 ’
Protein, g baseline 57.6£23.8 49.44+23 4 0.006 <0.001
one year 54.9+£18.6 61.1£23.9%** 0.037 )
Fat, g baseline 70.8+£26.6 68.5+£26.8 0.513 0.169
one year 66.1£25.2 69.7+£29.6 0.314 '
Cholesterol, mg baseline 218+158 207+227 0.671 0.160
one year 213£170 2514237 0.153 '
Saturated, g baseline 14.6+£7.4 13.9+£7.2 0.485 0.112
one year 13.4+6.6 14.748.5 0.204 ’
MUFA, g baseline 23.6+10.8 20.5+10.9 0.029 0.062
one year 20.7+10.5* 20.9+11.2 0.898 '
PUFA, g baseline 24.0+13.4 28.9+13.2 0.005 0.117
one year 24.2+13.4 25.6+12.5* 0.408 ’
®-6 PUFA, g baseline 20.3+12.2 24.8+11.6 0.004 0.126
one year 20.7£12.2 22.2+11.1 0.336 '
-3 PUFA, g baseline 2.1£2.2 2.9+2.2 0.003 0.054
one year 1.7+1.9* 1.9+]1.7%%* 0.401 '
Vitamins
Vitamin A, pgRE baseline 3134505 207+227 0.027 <0.001
one year 2784250 4124414%** 0.006 ’
Vitamin B-1, mg baseline 1.2+0.5 1.0+0.5 0.061 <0.001
one year 1.2+0.5 1.4+0.5%%* 0.001 '
Vitamin B-2, mg baseline 0.7+0.4 0.6+0.3 0.011 0.003
one year 0.7£0.3 0.8+0.5%** 0.214 '
Vitamin B-3, mg baseline 13.1£7.0 10.8+6.9 0.007 <0.001
one year 12.2+5.1 14.0+£6.6*** 0.029 ’
Vitamin C, mg baseline 60.0+41.1 41.7£35.6 0.002 <0.001
one year 61.9+43.0 77.4£52.5%*%* 0.006 '
Vitamin E, mg baseline 33.9421.2 42.5+19.9 0.001 0.098
one year 32.5421.6 36.0+16.3%* 0.178 '
Minerals
Ca, mg baseline 355+225 267+186 0.001 0.003
one year 324+197 3414+233%* 0.546 ’
Fe, mg baseline 14.5+29.2 12.4+11.4 0.377 0.011
one year 11.7+6.4 18.1£16.5* 0.007 '
Zn, mg baseline 7.9+3.3 6.7+3.1 0.002 <0.001
one year 7.4£2.5 8.443 1*** 0.015 ’
Se, g baseline 37.4+30.5 39.8+38.9 0.561 0.244
one year 35.7422.5 43.8433.8 0.051 '
Cu, mg baseline 1.4+0.5 1.3£0.6 0.092 <0.001
one year 1.4+0.5 1.6+0.6%** 0.002 '
Mn, mg baseline 4.0£3.1 3.5¢1.9 0.112 <0.001
one year 3.6+1.6 4.7£2.0%%* <0.001 '
Mg, mg baseline 198+103 171483 0.015 <0.001
one year 188+66 215481 %%* 0.017 '
Na, g baseline 3.3+1.6 3.7+1.6 0.091 0.094
one year 3.4£22 3.2+1.4% 0.497 ’
K, g baseline 1.3+0.6 1.240.6 0.186 0.007
one year 1.3+£0.5 1.5+0.6%** 0.057 )

* for p range when comparing the difference within group.* p <0.05;** p <0.01;*** p <0.001. MUFA, mono-unsaturated fatty acid; PUFA,
poly-unsaturated fatty acid
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intervention group, right answers rate (Nyight answers X 100%/
Ninowledge question) iNCreased from 62.8 to 76.1 ; wrong an-
swers rate (Nyrong answersX 100%/Minowledge question) decreased
from 18.8 to 13.4 ; Reply as “not sure” rate (Nnswers as “not
sure” X 100%/Minowledge quesion) decreased from 18.4 to 10.4.
For attitude in the intervention group, answers as “agree”
(nanswers agreeing with healthy diet® 100%/nattitude questions) increased
from 67.6 to 76.6, answers as “not sure” (Nanswers as “not sure”
X100%/Mygtitude  questions)  decreased from 18.4 to 11.8.
Healthy dietary practice in the intervention group fol-
lowed the positive changes in knowledge and attitude:
(Manswers as “often” < 100%/Mpractice questions) Increased from 54.4
to 69.1. No changes in knowledge, attitude or practice
were observed in the control group.

Physical activity changes were also shown as reported
in Table 2. Sitting hours decreased similarly in both
groups during the study, but no differences were observed
between two groups.

Nutrients and diet structure changes

Nutrient intake analysis revealed that means of energy
intake, fibers, carbohydrates and proteins increased sig-
nificantly and were higher in the intervention group com-
pared to that in the control group during one year period
as shown in Table 3. PUFA, -3 PUFA decreased in the
intervention group. ®-6 PUFA also decreased though it
was not significant at p<0.05 level (p=0.061).

Vitamins (A, B-1, B-2, B-3, C) and minerals (Ca, Fe,
Zn, Cu, Mn, Mg, K) intakes increased and were signifi-
cantly higher in the intervention group than in the control
group at the end of one year, with the exception of a sig-
nificant decrease in vitamin E (p=0.003), and a modest
decrease in Na (p=0.037) in the intervention group. Nei-
ther vitamin nor mineral intakes changed in the control
group during study period.

Nutrients energy to total energy ratio and food to total

Table 4. Dictary structure at baseline and one year

energy ratio are shown in Table 4. Nutrients energy to
total energy ratio was defined as energyuyient™ 1 00%/total
energy intake. Thus, fat energy to total energy ratio was
“energy from fat”*100%/“total energy intake”. Food to
total energy ratio was defined as energycerin food cate-
gory” 100%/total energy intake. Thus, vegetable to total
energy ratio was “energy from vegetable”*100%/ “total
energy intake”.

In one year study period, carbohydrates energy to total
energy ratio increased and fat energy ratio decreased in
two groups. However, the carbohydrate energy to total
energy ratio was significantly higher and fat energy to
total energy ratio was significantly lower in the interven-
tion group than in the control group. The vegetable to
total energy ratio and fruits to total energy ratio were sig-
nificantly higher in the intervention group than they were
in the control group. Other food (Table 4) was defined as
a category of food other than grains, beans, vegetables,
fruits, meats, fish, eggs and milk. The “other food” to
total energy ratio decreased in the intervention group.

Changes of anthropometric and metabolic variables
Anthropometric, metabolic variables and medication
status of metabolic syndrome patients at baseline and at
end of one year were shown in Tables 5 and 6.

At baseline, no differences were observed between the
two groups except for higher cholesterol levels in the con-
trol group. During the study, the total cholesterol de-
creased in the control group, but increased in the inter-
vention group. However, the means of total cholesterol in
both groups were lower than 5.2 mmol/L (p<0.001) at the
end of one year."

After one year of nutrition education, the BMI im-
proved similarly in both groups. But significant differ-
ences in waist circumference and waist to hip ratio were
observed between two groups. The following results are

. . Comparison Change differ-
Nutrients to total energy ra- . . | Intervention bet bt
io/Food to total energy ratio Time point Control group aroup etween group P ence between

value group p value
Nutrients to total energy ratio
Carbohydrate baseline 48.449.5 48.3%£11.4 0.946 0.040
one year 51.1£10.2%* 54.2+49. 1%%* 0.015 ’
Protein baseline 13.3+3.3 12.1£3.6 0.007 0,086
one year 13.0+£3.3 12.74£3.0 0.519 ’
Fat baseline 37.8+9.5 38.6+£10.3 0.495 0.026
one year 34.9+8.8%* 32.34£8.5%%* 0.033 ’
Food to total energy ratio
Grain baseline 46.5+12.5 47.1£13.8 0.708 0.677
one year 49.1£12.6 50.6+12.7* 0.377 ’
Bean baseline 3.145.1 2.5+4.8 0.361 0.595
one year 3.246.6 2.1¢4.4 0.100 ’
Vegetable baseline 3.6£3.2 2.942.7 0.146 0010
one year 3.3£2.8 4.3+4.9%* 0.040 ’
Fruits baseline 1.4+2.1 1.0£2.0 0.285 0.004
one year 1.9£2.7 2.6£2,T*** 0.015 ’
Meat, fish, egg and milk baseline 18.2+10.7 15.1£10.3 0.023 0.344
one year 17.5+10.2 16.0£9.4 0.251 ’
Other food baseline 27.2+11.5 31.3£12.9 0.008 0.019
one year 24.9+11.5 24.4+10.7%** 0.741 )

* for p range when comparing the difference within group.* p <0.05;** p <0.01;*** p <0.001. Nutrients to total energy ratio was defined as
energynurien™ 100%/total energy intake. Food to total energy ratio was defined as energycerain food category/total energy intake.
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Table 5. Anthropometric, and metabolic variables at baseline and one year

Comparison Change differ-
Variables Time point Control group Intervention group between group p ence between
value group p value
Sex, male/female -- 41/79 34/81 0.449+ --
age baseline 53+6 56+6 <0.001% --
BMI, kg/m* baseline 26.8+2.9 26.9+3.3 0.676 0.910
one year 26.5+2.9%* 26.7+£3.2% 0.645 ’
Waist circumference, cm baseline 93.9+7.5 92.7+7.9 0.198 0.004
one year 91.7+7.6%** 88.8+8.5%** 0.005 ’
Waist to hip ratio baseline 0.92+0.06 0.91£0.05 0.354 <0.001
one year 0.92+0.06 0.89+0.06*** <0.001 ’
Blood pressure, mmHg
Systolic baseline 13014 134+17 0.060 0615
one year 132415 134+15 0.166 ’
Diastolic baseline 86+9 88+9 0.204 0.491
one year 86+9 88+9 0.048 ’
Glucose, mmol/L baseline 5.6£1.8 5.3+1.7 0.120 0.683
one year 5.5+1.6 5.1+1.4 0.064 ’
Insulin, pIU/L baseline 11.7£5.2 11.7£7.6 0.920 0.501
one year 12.848.2 12.2+7.0 0.528 ’
HOMA-IR baseline 3.0+2.0 2.943.1 0.907 0372
one year 3.242.6 2.9+2.1 0.267 '
Serum lipids, mmol/L
Triglyceride baseline 2.1+1.3 2.1+1.2 0.658 0703
one year 1.9+1.0%* 1.74£1.2%%* 0.451 ’
Total cholesterol baseline 5.6£1.0 4.4+1.0 <0.001 <0.001
one year 4.940.9%** 4.7+0.8%** 0.162 ’
HDL-C baseline 1.2+0.4 1.2+0.4 0.417 0.044
one year 1.240.2 1.4+0.3** 0.001 )

* for p range when comparing the difference within group.* p <0.05;** p <0.01;*** p <0.001. jPearson y’ test. § Wilcoxon rank sum test.
BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, high density lipoprotein-cholesterol

Table 6. Medication status at baseline and one year

Control group

Intervention group

Variables Baseline One year Baseline One year

Medication -To control hypertension, no

No treat 85 83 56 49

Irregular treat 7 5 9 4

Regular treat 28 32 50 62
Medication - To control diabetes, no

No treat 105 102 101 97

Irregular treat 1 1 0 2

Regular treat 14 17 14 16
Medication - To control hyperlipidemia, no

No treat 107 110 98 91

Irregular treat 0 0 0 0

Regular treat 13 10 17 24

given in mean + Standard Error of the Mean. Changes in
waist circumference were -3.9+0.3 and -2.3+0.4 cm for
the intervention and control groups, respectively, and
were significantly different between groups (p=0.004).
Waist circumference at the end of one year was 88.8+0.8
cm for the intervention group and 91.7£0.7cm for the
control (p=0.005). The improvement of waist to hip ratio
was only found in the intervention group. Changes in
waist to hip ratio were 0.02+0.00 and 0.01+0.00 for the
intervention and control groups, respectively (p<0.001).
Mean of waist to hip ratio was lower in the intervention
group at the end of one year.

Both groups showed some improvement in TG, but
mean of TG was still greater than 1.7 mmol/L in the con-
trol group (p=0.039), while not higher than 1.7 mmol/L in

the intervention group (p=0.324) at one year. HDL-C
increased only in the intervention group. This change was
significantly different compared to the control group
(p=0.044). Means of HDL-C at one year were 1.4 £0.0
and 1.2+0.0 mmol/L for the intervention and control
groups, respectively (p=0.001).

Adiponectin (1.A), leptin (1.B), tumor necrosis factor-a
(1.C), and C reactive protein (1.D) at baseline and at the
end of one year were shown in Figure 1. Mean adiponectin
increased significantly from 4.1+£0.3 to 5.3+0.4 ug/mL in
the intervention group, and the change was significantly
different compared to the control group (p=0.040). Leptin
and tumor necrosis factor-a decreased in both groups. But
the change of tumor necrosis factor-a in the intervention
group was significantly different compared to that of the
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Figure 1. Comparison of adiponectin (A), leptin (B), tumor necrosis factor-o (C), C-reactive protein at baseline and after one year be-
tween groups. Note: Data shown in median, 25(75) percentile, smallest, and biggest adjacent value; n=120 in control group, n=115 in
intervention group; a, significantly different for self comparison; b, significantly different for between group comparison; c, significantly
different for between group comparison of change.

Table 7. Anthropometric, metabolic variables with medication changed patients excluded

. Time Intervention Comparison between Change differ-
Variables . Control group ence between
point group group p value
group p value
Sex, male/female - 35/68 23/51 0.685F --
age baseline 52+6 56+5 <0.001% --
BMI, kg/m’ baseline 26.7£2.9 27.0+3.1 0.639 0.869
one year 26.5£2.9 26.7£3.0 0.687 ’
Waist circumference, cm baseline 93.9i7.*9** 92.4i7.*6** 0.211 0.001
one year 91.9+£7.6 88.4+£8.1 0.003 ’
Waist to hip ratio baseline 0.92+0.06 O.90i0.0*5** 0.261 <0.001
one year 0.92+0.06 0.89+0.06 <0.001 ’
Blood pressure, mmHg
Systolic baseline 129+14 130+15 0.340 0.489
one year 130+14 130+15 0.782 ’
Diastolic baseline 86+9 87+9 0.383 0721
one year 8549 87£10 0.216 ’
Glucose, mmol/L baseline 5.5+1.7 5.4i1.7* 0.637 0193
one year 5.4+1.5 5.1+1.1 0.146 ’
Insulin, pnIU/L baseline 11.7+5.0 12.749.2 0.500 0429
one year 12.7£8.1 12.5£7.3 0.846 ’
HOMA-IR baseline 2.9+2.0 3.3+3.8 0.508 0239
one year 3.1£2.6 2.8+2.0 0.489 :
Serum lipids, mmol/L
Triglyceride baseline 2.1i1.2* 2.0i1.*2** 0.450 0330
one year 1.9£1.0 1.6£1.0 0.119 ’
Total cholesterol baseline S.Sil.*O** 4.3i1.£* <0.001 <0.001
one year 4.9+0.9 4.6+0.8 0.081 ’
HDL-C baseline 1.2+0.4 1.2+0.4 0.332 0343
one year 1.2+£0.2 1.3+0.3 0.028 ’
Adiponectin, ug/mL baseline 4.8+£3.7 4.2i2.9* 0.283 0176
one year 4.9+4.3 5.244.2 0.784 ’
Leptin, ng/mL baseline 15.9+9.1 14.4i8.*7** 0.202 0052
one year 14.9+6.8 11.4+6.3 0.003 ’
CRP, ug/mL baseline 8.6+11.2 9.1£11.4 0.804 0821
one year 8.5+11.0 9.3+14.0 0.609 ’
TNF-a, pg/mL baseline 112i23* HH%Q* 0.171 <0.001
one year 106+23 90+13 <0.001 )

*for p range when comparing the difference within group.* p <0.05;** p <0.01;*** p <0.001. tPearson y* test. $ Wilcoxon rank sum test.

BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, high density lipoprotein-cholesterol;
CRP, C-reactive protein; TNF-a, tumor necrosis factor-a



84 S Zhang, H Guo, W Wan and K Xue

control group (p<0.001). Means of tumor necrosis factor-
a (p<0.001) and leptin (p=0.001) in the intervention
group at the end of the one year period were lower than
they were in the control group.

Since there was a fairly high possibility that patients
went to see doctors, those who made any change on
medications were further excluded for evaluation. This
exclusion did not affect the anthropometric and metabolic
variables as shown in Table 7.

DISCUSSION

In this study, nutrition education guided by “Dietary
Guidelines for Chinese Residents” improved the meta-
bolic syndrome patients’ health status. After intervention,
the decrease of waist circumference, waist to hip ratio and
tumor necrosis factor-o in the intervention group were
significantly different compared to that of the control
group. Similarly, the increase of high-density lipoprotein
cholesterol, adiponectin in the intervention group were
significantly different than that of the control group.
Therefore, “Dietary Guidelines for Chinese Residents”
education proved to be an effective strategy to improve
the metabolic syndrome patients’ health status.

Adiponectin was found to be inversely related to obe-
sity and unequivocally associated with insulin resistance,
and dyslipidaemia.'®'” And the more the factors of meta-
bolic syndrome are present in a patient, the lower the adi-
ponectin levels."™" Adiponectin is believed to have anti-
inflammatory and antiatherogenic properties.**** Increased
adiponectin may help to reduce the inflammatory markers
— the decrease of tumor necrosis factor-a was signifi-
cantly different in the intervention group compared to the
control group. Tumor necrosis factor -a was thought to
play a major role in the pathophysiology of insulin resis-
tance in rodents,” and had been proved to stimulate
lipolysis.**

Leptin acted in the central nervous system and pro-
moted weight loss by decreasing appetite and increasing
energy expenditure.”> However, plasma leptin is strongly
correlated with tissue adiposity.”® More stored TG re-
sulted in greater production of leptin,”’” and the release of
leptin was significantly increased when adipocytes were
exposed to insulin and glucose.”®** Thus an assumption
was postulated that there was a kind of leptin resistance,
because these subjects despite high circulating levels of
leptin remained obese.”® At the end of one year, leptin
was lower in the intervention group than in the control
group, which may allow us to presume that leptin resis-
tance was lower in the intervention group.

C-reactive protein is an acute-phase reactant that is
synthesized in the liver and activates the classical path-
way of complement through the immune system. C-
reactive protein was found to be acutely elevated in stress,
illnesses, infections, and vascular events like myocardial
infarction and unstable angina.’’ However, C-reactive
protein did not change in this study.

Nutrition education improved patients’ knowledge, at-
titude in nutrition and their dietary behavior. The increase
in energy, carbohydrate, protein, fiber, vitamins (except
vitamin E) and minerals (except Na and Se) were signifi-
cantly different in the intervention group compared to the
control group. At the same time, PUFA, o-6PUFA, vita-

min E decreased in the intervention group, which may be
explained by the decreased use of cooking oil. Corn oil,
soy oil, peanut oil and polly seed oil are popular cooking
oils in the Chinese market. These oils are rich in ®-6
PUFA. Decreased consumption of these oils lead to de-
creased consumption in PUFA and w-6 PUFA, which has
positive effects.”> However, o-3 PUFA consumption de-
creased as well.

In this study, metabolic syndrome patients might have
under reported the food they actually consumed. The
IPAQ-s survey showed that energy expenditure increased
in both groups (sitting hours reduced) but there was no
difference between groups both at baseline and at one
year. The energy intake recorded by the 24h food record
increased in the intervention group even though the de-
crease in waist circumference and of the waist to hip ratio
were significantly different in the intervention group than
in the control group. This violates the mass equivalence
law at first sight, since weight loss would happen when
energy intake is lower than energy expenditure.® It is not
unusual that obese people under report food intake.”* The
data of this study suggested that metabolic syndrome pa-
tients in both groups under-reported their food intake at
baseline, but not the intervention group at one year.

If under-report stayed in our study, the decrease of
PUFA, ®-6PUFA, vitamin E in the intervention group
would be greater. But the increase of energy, carbohy-
drate, protein, fiber, vitamins (except vitamin E) and min-
erals (except Na and Se) that are higher in the interven-
tion group than in the control group would not be ob-
served anymore. However, data of food to energy ratio
and KAP survey allowed us to conclude that healthy die-
tary behavior persisted in the intervention group, and was
significantly different compared to the control group.

To our knowledge, no studies investigated a specific
diet in the treatment of metabolic syndrome patients in
China. This study confirmed that “Dietary Guidelines for
Chinese Residents” had beneficial effects on anthropom-
etric, lipids, adipokines and inflammatory markers in pa-
tients with the metabolic syndrome.
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