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Objective:  Given  the  increasing  burden  of childhood  obesity,  it is  important  to examine  the  changes  in
dietary  habits  and  prevalence  of cardiovascular  risk  factors  among  Macao  students.
Methods:  A  cross-sectional  study  was  conducted  among  primary  and  secondary  school  students  in Macao,
China in  2014–2015  with  addition  to data  collected  from  2008  to 2009  for comparison.  The  dietary
behaviours,  prevalence  of  obesity  and  dyslipidaemia  were  compared  by study  period.
Subjects:  In  2014–2015,  dietary  assessment  was  conducted  among  3635  students,  physical  assessment
was  conducted  among  1427  school  students.  In 2008–2009,  dietary  assessment  was  conducted  among
4271  students,  physical  assessment  was  conducted  among  1700  school  students.
Results:  When  compared  with  students  in  2008,  higher  percentage  of students  from  present  study
period  consumed  dairy  products,  crispy  food  and  chocolate,  while  fewer  students  had fruits,  vegeta-
bles  and  fried  food  at least  once  every  day.  Despite  lower  prevalence  of  elevated  total  cholesterol  and
low-density-lipoprotein  cholesterol,  the rate  of general  obesity,  low  high-density-lipoprotein  choles-
terol  and  hyperglycaemia  has  increased  significantly  in  2014–2015.  Students  aged  12–14  consumed  less

fruits  and  vegetables  and  suffered  from  higher  rate  of  general  and  abdominal  obesity,  as well as  low
high-density-lipoprotein  cholesterol  and  elevated  serum  triglycerides  in  2014–15.
Conclusions:  The  students’  diet  had both  favourable  and  unfavourable  changes.  The  rate  of obesity  and
dyslipidaemia  rises,  while  the situation  for students  aged  12–14  is  more  concerning.

©  2019  Asia  Oceania  Association  for the  Study  of  Obesity.  Published  by Elsevier  Ltd.  All  rights
reserved.
ntroduction

Obesity is a worldwide epidemic associated with coronary
rtery disease, hypertension, type 2 diabetes mellitus, respiratory
isorders and dyslipidemia [1]. Although the obesity epidemic has
een plateauing in many western countries including the United
tates and United Kingdom, a strong increasing trend is still being

bserved among Chinese children and adolescents [2]. During 1981
o 2010, the prevalence of overweight among Chinese children and
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adolescents increases from 1.8% to 13.1%, while the prevalence of
obesity increases from 0.4% to 7.5% [3].

Apart from obesity, other cardiovascular risk factors includ-
ing childhood dyslipidemia and hyperglycemia are also attracting
attention from researchers in recent years. In United States, 20.2% of
children and adolescents had adverse concentration of total choles-
terol, high-density-lipoprotein cholesterol (HDL-C) or non-HDL-C
in 2011–2012 [4]. However, the pooled prevalence of dyslipidemia
among Chinese children and adolescents from 1946 to 2014 was
25.3%, which was comparable to the situation in US [5]. As for
hyperglycemia, its prevalence was 5.7% among children with obe-

sity in Germany and Sweden [6] and 11.13% among US children [7].
Despite lower prevalence than obesity and dyslipidaemia, impaired
fasting glucose during childhood is a significant predictor of type 2

er Ltd. All rights reserved.
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iabetes (hazard ratio = 3.73) in early adulthood [8]. The impact of
arly life hyperglycaemia on future health cannot be overlooked.

With regard to the close relationship between diet, obesity and
ardiovascular disease, a routine surveillance system is necessary
or monitoring the early-life health risk behaviors in local, national
nd global level [9,10]. As advocated by the United Nations, a
urveillance system of health risk behaviors identifies population
ith higher risk of chronic disease [11]. Stakeholders including pol-

cy makers, school principals and parents, can be well-informed
nd educate population with greater need of health information.
or instance, the Youth Risk Behavior Surveillance System (YRBSS)
n the United States tracks the health behaviors among a nationally
epresentative sample of US high school students and representa-
ive samples of students in states and selected large urban school
istricts in a regular basis [12]. In 2013, 8.5% and 2.1% of high
chool students nationwide met  fruit and vegetable recommen-
ations respectively, while the percentages varied slightly among
he states [13].

Macao, a highly urbanized region in China, has undergone rapid
conomic transition in recent years. However, it also faces a grow-
ng burden of chronic diseases. In 2008, a cross-sectional study was
onducted in 40 schools in Macao. The rates of overweight or obe-
ity were higher for male participants and students aged 9–12 [14].

hen compared with other regions, Macao did not have an obe-
ity rate as high as USA [15], but its prevalence of overweight was
reater than that in Mainland China [3] and Hong Kong [16]. Given
he increasing trend of childhood obesity in China, and the more
evere situation in Macao, it is necessary to examine the changes
f dietary habits and the prevalence of cardiovascular risk factors
ver the recent years.

aterials and methods

ubjects

During September 2008 to November 2008 (previous study) and
ecember 2014 to June 2015 (present study), two  repeated cross-

ectional surveys were conducted among junior primary, (aged
–8), senior primary (aged 9–11), junior secondary (aged 12–14)
nd senior secondary school students (aged 15–17) in Macao. Both
tudy periods have used the same approaches in school sampling,
ubject recruitment and data collection. A total of 40 (previous
tudy) and 35 (present study) schools out of 66 schools in Macao
ere randomly selected. Schools in Macao were categorized into

hree groups namely ‘Government Schools’, ‘Subsidized Private
chools’ and ‘Private Schools’ and further divided into nine groups
ccording to the type of education the school was  providing (pri-
ary, secondary, or both). In both study periods, half of the schools

n each group were randomly selected. This sampling method cov-
red a wide range of school systems in Macao, while the number
f included schools were comparable with the previous study in
008 (40 schools were selected). Students aged 18 or above were
xcluded from the analyses. In both study periods, consent for
ietary, anthropometrics and physical assessments was  obtained
rom students’ parents prior to the tests.

nstruments for dietary assessment

A set of questionnaires was designed for students studying in
rimary 4 to secondary 6 (P4 to S6) and were available in Chinese
r English. Surveys were not conducted to primary 1 to primary 3
tudents because of their limited ability to provide valid and reliable

nformation on food consumption [17]. In each participating school,
ne class was randomly selected from each grade. All students in
he selected class were invited to complete a questionnaire during

 lesson. Written consents were obtained from their parents.
ical Practice 13 (2019) 541–547

Dietary behaviours of students were also examined by items
adapted from Youth Risk Behaviour Survey, which has been trans-
lated into Chinese and used for health surveillance among primary
and secondary school students in Hong Kong [18]. The consump-
tions of thirteen food groups in the previous week were acquired
by single-item questions. Responses ranged from ‘none’ to ‘three
times or more per day’. The food groups were dichotomized into
whether consuming at least once every day. Healthy dietary habit:
consumption frequency of (1 fruits, (2 vegetables, (3 dairy products
and (4 breakfasts; unhealthy dietary habit: consumption frequency
of (1 crispy food, (2 chocolate, (3 cake, (4 soft drinks, (5 juice drinks,
(6 fried food, (7 processed food, (8 fried rice/noodle, (9 fatty food.
Gender and ages of students were also acquired from the question-
naire.

Anthropometric assessments and blood drawing

Apart from dietary assessments, anthropometric measurement
and blood drawing (physical assessments hereafter) was conducted
among students in each participating school. Students were ran-
domly selected to participate in physical assessments from the
classes in proportion to gender, grade and age distribution of all
Macao students [19]. Physical assessments recruited students from
primary one to secondary six (generally aged 6 to 17). Physical
assessments were carried out on location at the majority of par-
ticipating schools and started from 8 am.  Students were instructed
to fast for at least 8 h prior to the tests and only allowed to drink
water before blood sample collection.

Students were instructed to take off shoes and heavy clothing,
then maintained standing position for anthropometrics measure-
ments. Trained research staff from the research team conducted
the measurements at the end of students’ gentle expiration. Body
height and weight was measured by portable stadiometer SECA
214 (SECA GmbH & Co. KG, Germany) and electronic scales Tanita
TBF300 (Tanita Corporation of America Inc., USA). Waist circum-
ference was  measured with a measuring tape in the horizontal
plane midway between lowest rib and the iliac crest. Average
values of two  readings for each anthropometric measure were cal-
culated. Body height and waist circumference were recorded to
the nearest 0.1 cm and body weight to the nearest 0.1 kg. Quali-
fied phlebotomists from the Kiang Wu  Hospital were responsible
for drawing not more than 10 ml  of blood from each participating
student. Plasma and serum samples were tested immediately for
lipoprotein levels. All samples were analysed in an accredited cen-
tral laboratory in Macao (Health Care Centre, Kiang Wu  Hospital)
commissioned by the research team.

Body mass index (BMI) was  calculated from measured body
weight and height. The World Health Organization (WHO)  growth
reference and criteria set by International Obesity Task Force were
used to identify participants with overweight/obesity. According to
WHO, overweight/obesity was defined as more than +1 standard
deviation of the median of BMI-for-age [20]. While for IOTF, over-
weight/obesity was  defined by age- and sex-specific cut-off points
using nationally representative cross-sectional surveys on growth
from Brazil (N = 31,806), Great Britain (N = 32,222), Hong Kong
(N = 23,965), the Netherlands (N = 41,766), Singapore (N = 33,972),
and the United States (N = 28,996) [21]. The international criterion
of abdominal obesity is yet established, so population-based cut-off
values are considered acceptable for present study. To identify par-
ticipants with abdominal obesity, age and gender specific cut-off
values was adopted from the percentile charts for ethnic Chinese
children’s (N = 2,593) [22] and adolescents’ (N = 2,102) [23] waist

circumference. In addition, serum lipid profiles of participants,
namely total cholesterol and triglycerides (TG), low high-density-
lipoprotein (HDL) cholesterol, and elevated low-density lipoprotein
(LDL) cholesterol were classified by cut-off points recommended
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Table  1
Demographic characteristics of participants of dietary assessments in two study periods.

2008–09 (N = 4271) 2014–15 (N = 3635) p-Value

Gender
• Male 2158 (50.5%) 1886 (51.9%) 0.23
•  Female 2113 (49.5%) 1749 (48.1%)

Age  group
• 9–11 1426 (33.4%) 1156 (31.8%) 0.01*
•  12–14 1367 (32.0%) 1289 (35.5%)
•  15–17 1478 (34.6%) 1190 (32.7%)

Healthy dietary habit
• Fruits everyday 1745 (40.9%) 1399 (38.5%) 0.03*
•  Vegetables everyday 2360 (55.3%) 1797 (49.4%) <0.01*
•  Dairy products everyday 808 (18.9%) 1050 (28.9%) <0.01*
•  Breakfast everyday 2493 (58.4%) 2241 (64.7%) <0.01*

Unhealthy dietary habit
• Crispy food 268 (6.3%) 297 (8.2%) <0.01*
•  Chocolate 468 (11.0%) 474 (13.0%) <0.01*
•  Cake 254 (5.9%) 214 (5.9%) 0.91
•  Soft drinks 421 (9.9%) 355 (9.8%) 0.89
•  Juice drinks 898 (21.0%) 728 (20.0%) 0.27
•  Fried food 390 (9.1%) 275 (7.6%) 0.01*
•  Processed food 398 (9.3%) 350 (9.6%) 0.64
•  Fried rice/noodle 342 (8.0%) 306 (8.4%) 0.51
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•  Fatty food 618 (14.5%) 

Presented as mean ± standard deviation. *p < 0.05.

y Expert Panel on Integrated Guidelines for Cardiovascular Health
nd Risk Reduction in Children and Adolescents [24]. Outcomes
ere dichotomized into ‘normal or borderline’ versus ‘borderline’

‘normal or borderline’ versus ‘low’ for HDL cholesterol).

omparison with previous study data

To compare the prevalence in dietary habits and cardiovascular
isk factors with previous study, the raw data from the study con-
ucted in 2008–2009 was retrieved and re-analysed the prevalence
sing the cut-off points in the present study [25]. In addition, preva-

ence data was stratified into four age groups (6–8, 9–11, 12–14
nd 15–17) to identify the population with higher cardiovascular
isk. The stratification for the prevalence of dietary habits was  the
ame except for having no students aged 6 to 8. It was  because
he questionnaires were only delivered to primary four students
r above. This classification was in adherence to the school grades
f students, e.g. aged 6–8 for junior primary students and 9–11 for
enior primary students.

tatistical analysis

Descriptive statistics was used to describe and summarise the
esults. Prevalence data was stratified by age groups then tested
or significant difference by study periods using chi-square test. In
rder to avoid false-positive findings due to multiple comparison,
he p-values obtained from chi-square tests were adjusted using
onferroni correction. In other words, p-values were multiplied by
he number of comparisons (e.g. multiply by 4 for prevalence of
ardiovascular risk factors because prevalence data was stratified
nto 4 age-groups). To account for the difference in demographics of
ubjects during two study periods, direct standardization method
as adapted to calculate the adjusted prevalence of dietary habits

nd cardiovascular risk factors [26]. The reference population was
he age distribution of students 2008–2009 as provided by the Edu-

ation Bureau in Macao. (https://portal.dsej.gov.mo/webdsejspace/
nternet/Inter main page.jsp?id=8525) All analysis was  conducted
y SPSS version 23.0 (SPSS Inc., Chicago, IL, USA) with significance

evels set at  ̨ = 0.05.
484 (13.3%) 0.14

Results

Students from both study periods have returned 4271
(2008–2009) and 3635 (2014–2015) questionnaires without miss-
ing data for analysis (Table 1). As tested from chi-square test and
independent t-test, the gender distribution between two  study
periods was  similar, but students from the present study were older
in age. In the present study period, more students consumed dairy
products, breakfast, crispy food, chocolate at least once every day,
while fewer students consumed fruits, vegetables, fried food at least
one time every day.

A total of 1427 students participated in the present physical
assessments, while 1700 students with complete anthropomet-
ric and blood lipid data were retrieved from the previous study
(Table 2). There was no significant difference in gender and age
distribution between two studies. The prevalence for all outcomes
except elevated waist circumference and elevated TG differed sig-
nificantly between two  studies. Students in 2014–2015 had higher
rate of being overweight or obese (using WHO  or IOTF standard),
having low HDL or impaired fasting glucose, but lower rate of hav-
ing high TC or LDL.

Table 3 compared the age-specific and age-standardized preva-
lence of healthy dietary habits in two studies. When compared
with the previous study period, students aged 9–11 consumed
more fruits, dairy products and breakfast. Students aged 12–14
consumed less fruits and vegetables, but more dairy products and
breakfasts. Students aged 15–17 consumed less fruits and vegeta-
bles but more dairy products. Table 4 compared the age-specific
and age-standardized prevalence of unhealthy dietary habits in
two studies. Students aged 9–11 consumed more crispy food,
while students aged ≥15 consumed more chocolate. The preva-
lence for consuming juice drinks decreased for students aged
≥12.

Table 5 compared the age-specific and age-standardized preva-
lence of cardiovascular risk factors in two  studies. In the present
study period, students aged 6–8 had lower prevalence of elevated

LDL, students aged 9–11 had lower prevalence of elevated waist
circumference and LDL. Students aged 12–14 had higher preva-
lence of overweight/obesity identified by WHO  and IOTF standard
and higher prevalence of low HDL. Students aged ≥15 had higher

https://portal.dsej.gov.mo/webdsejspace/internet/Inter_main_page.jsp?id=8525
https://portal.dsej.gov.mo/webdsejspace/internet/Inter_main_page.jsp?id=8525
https://portal.dsej.gov.mo/webdsejspace/internet/Inter_main_page.jsp?id=8525
https://portal.dsej.gov.mo/webdsejspace/internet/Inter_main_page.jsp?id=8525
https://portal.dsej.gov.mo/webdsejspace/internet/Inter_main_page.jsp?id=8525
https://portal.dsej.gov.mo/webdsejspace/internet/Inter_main_page.jsp?id=8525
https://portal.dsej.gov.mo/webdsejspace/internet/Inter_main_page.jsp?id=8525
https://portal.dsej.gov.mo/webdsejspace/internet/Inter_main_page.jsp?id=8525
https://portal.dsej.gov.mo/webdsejspace/internet/Inter_main_page.jsp?id=8525
https://portal.dsej.gov.mo/webdsejspace/internet/Inter_main_page.jsp?id=8525
https://portal.dsej.gov.mo/webdsejspace/internet/Inter_main_page.jsp?id=8525
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Table 2
Demographic characteristics of participants of physical assessments in two study periods.

2008–09 (N = 1700) 2014–15 (N = 1427) p-Value

Gender
• Male 846 (49.8%) 740 (51.9%) 0.24
•  Female 687 (48.1%) 687 (48.1%)

Age  group
• 6–8 270 (15.9%) 241 (16.9%) 0.20
•  9–11 402 (23.6%) 371 (26.0%)
•  12–14 488 (28.7%) 368 (25.8%)
•  15–17 540 (31.8%) 447 (31.3%)

Cardiovascular risk factors
• IOTF-defined overweight or obese 292 (17.2%) 302 (21.2%) <0.01*
•  WHO-defined overweight or obese 359 (21.1%) 369 (25.9%) <0.01*
•  Elevated waist circumference 492 (28.9%) 405 (28.4%) 0.73
•  Elevated TC 182 (10.7%) 102 (7.1%) <0.01*
•  Low HDL 88 (5.2%) 110 (7.7%) <0.01*
•  Elevated LDL 167 (9.8%) 61 (4.3%) <0.01*
•  Elevated TG 114 (6.7%) 110 (7.7%) 0.28
•  Impaired fasting glucose 16 (0.9%) 31 (2.2%) 0.01*

Abbreviations: TC, total cholesterol; TG, triglycerides; HDL, high-density-lipoprotein cholesterol; LDL, low-density-lipoprotein cholesterol. *p < 0.05.

Table 3
Age-specific and standardized prevalence of healthy dietary habits in two  cross-sectional studies.

Age Fruits everyday p-Value Vegetables everyday p-Value

Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014

9–11 45.1% 50.6% <0.01* 50.7% 47.4% 0.01*
12–14 43.5% 37.7% <0.01* 55.5% 50.0% <0.01*
15–17 34.3% 27.6% <0.01* 59.4% 50.8% <0.01*
Standardized 40.5% 37.5% 55.6% 49.6%

Age  Dairy products everyday p-Value Breakfast everyday p-Value

Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014

9–11 22.8% 40.2% <0.01* 75.0% 80.0% <0.01*
12–14 18.4% 26.8% <0.01* 52.5% 59.1% 1.00
15–17  15.7% 20.2% <0.01* 47.8% 46.6% 1.00
Standardized 18.6% 28.1% 57.0% 60.3%

* p < 0.05 in prevalence after Bonferroni correction using chi-square test.

Table 4
Age-specific and standardized prevalence of unhealthy dietary habits in two  cross-sectional studies.

Age Crispy food p-Value Chocolate p-Value Cake p-Value

Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014

9–11 8.8% 10.6% 0.04* 11.2% 13.7% 1.00 7.6% 9.7% 1.00
12–14  6.7% 9.2% 0.30 13.0% 14.0% 0.10 5.9% 5.4% 0.08
15–17  3.5% 4.7% 1.00 8.9% 11.3% 0.02* 4.4% 2.8% 0.28
Standardized 6.1% 7.9% 11.0% 12.9% 5.8% 5.6%

Age  Soft drinks p-Value Juice drinks p-Value Fried food p-Value

Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014

9–11 10.3% 9.8% 1.00 17.7% 23.4% 0.12 10.9% 9.0% 0.38
12–14  10.4% 11.3% 1.00 24.9% 21.5% <0.01* 10.6% 8.8% 0.43
15–17  8.9% 8.1% 0.49 20.6% 15.2% <0.01* 6.1% 4.8% 0.57
Standardized 9.8% 9.7% 21.3% 19.7% 9.0% 7.4%

Age  Processed food p-Value Fried rice/noodle p-Value Fatty food p-Value

Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014

9–11 11.2% 12.7% 1.00 11.2% 11.2% 0.93 12.8% 10.6% 1.00
12–14  9.1% 9.5% 1.00 7.8% 8.9% 1.00 12.9% 13.9% 0.42
15–17  7.7% 6.8% 0.61 5.1% 5.1% 0.08 17.5% 15.4% 0.33
Standardized 9.2% 9.4% 7.8% 8.2% 14.6% 13.5%

* p < 0.05 in prevalence after Bonferroni correction using chi-square test.
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Table  5
Age-specific and standardized prevalence of cardiovascular risk factors in two cross-sectional studies.

Age Overweight or Obese (IOTF) p-Value Overweight or Obese (WHO) p-Value Elevated waist circumference p-Value

Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014

6–8 13.7% 14.9% 1.00 17.0% 18.3% 1.00 18.1% 13.3% 0.53
9–11  26.9% 22.1% 0.50 33.3% 29.1% 1.00 33.1% 24.0% 0.02*
12–14  17.2% 29.1% <0.01* 22.5% 35.1% <0.01* 29.1% 36.1% 0.11
15–17  11.7% 17.2% <0.01* 12.8% 19.7% 0.01* 31.1% 33.8% 1.00
Standardized 17.1% 21.4% 21.1% 26.1% 28.8% 28.7%

Age  Elevated TC p-Value Low HDL p-Value Elevated LDL p-Value

Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014

6–8 12.2% 8.7% 0.79 3.7% 5.8% 1.00 10.7% 4.6% 0.04*
9–11  13.9% 9.4% 0.21 5.0% 5.1% 1.00 13.2% 6.7% 0.01*
12–14  10.5% 5.7% 0.05 5.1% 10.3% 0.02* 8.2% 4.1% 0.06
15–17  7.8% 5.6% 0.70 6.1% 8.7% 0.46 8.3% 2.2% <0.01*
Standardized 10.7% 7.0% 5.1% 7.9% 9.8% 4.2%

Age  Elevated TG p-Value Impaired fasting glucose p-Value

Rate in 2008 Rate in 2014 Rate in 2008 Rate in 2014

6–8 8.9% 11.2% 1.00 0.7% 0.8% 1.00
9–11  10.4% 10.0% 1.00 0.5% 1.1% 1.00
12–14  5.30% 9.2% 0.11 1.8% 4.1% 0.20
15–17  4.1% 2.7% 1.00 0.6% 2.2% 0.08
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Standardized 6.7% 7.7% 

bbreviations: TC, total cholesterol; TG, triglycerides; HDL, high-density-lipoprot
onferroni correction using chi-square test.

revalence of WHO-defined overweight/obesity and but lower
revalence of elevated LDL.

When compared with the unstandardized prevalence, the age-
tandardized value differed by less than 1% for most outcomes
xcept for having breakfast every day and overweight/obesity iden-
ified by WHO  standard (each 1.1% difference). The demographic
ifference between study periods only had small impact on the
revalence.

iscussion

The present study has revealed an increasing burden of cardio-
ascular risk factors among Macao school students, particularly for
he group aged 12–14. Students’ diet in two study periods were

ixed with favourable (consuming more dairy products, less fried
ood) and unfavourable changes (less fruits and vegetables, more
rispy food and chocolate), which indicated the specific needs for
ealth promotions.

Despite lower prevalence of elevated TC and LDL, the rate of
eneral obesity, the prevalence of low HDL (5.3% to 7.7%) and hyper-
lycaemia (0.9% to 2.2%) nearly or already doubled when compared
ith the previous study. High carbohydrate diet may  associate with

levated fasting glucose [27] and low HDL levels as supported by
 nationally representative study in Korea [28]. High carbohydrate
iet, particularly white rice consumption, is prevalent among Asian
opulation [29]. Reducing refined carbohydrate intake of Macao
tudents is probably one of the strategies to reduce the prevalence
f low HDL and impaired fasting glucose.

Interestingly, the prevalence of elevated TC and LDL reduced
n the present study period despite the higher rate for low HDL
nd hyperglycaemia. The increased prevalence of consuming dairy
roducts every day in the present study (18.9% to 28.9%) may  help
o explain the findings. The milk program implemented by Macao
overnment since 2008 may  help to increase the consumption of
airy products (https://www.gov.mo/zh-hant/news/68527/). The

acao government provided milk to school students for free, while

tudents have the right to decline drinking them. According to a
ecent meta-analysis, dairy food consumption associated with a
ower risk of metabolic syndrome and dyslipidemia [30]. Calcium is
0.9% 2.3%

olesterol; LDL, low-density-lipoprotein cholesterol; *p < 0.05 in prevalence after

abundantly found in dairy products, which may exert cholesterol-
lowering effect by inhibiting the intestinal absorption of saturated
fatty acids and increasing the faecal excretion of bile acids [31].
Although it is not compulsory for schools to provide low-fat milk,
our study provided preliminary evidence to support the how dairy
product provision may  improve cardiometabolic health of students.
Further studies should be conducted to evaluate the changes in
dietary habits and serum lipids at individual level.

Age-specific analysis showed that the prevalence of over-
weight/obesity increased among students aged 12–14, while they
had a lower consumption of fruits and vegetables. The changes in
dietary habits of students when they enter secondary school may
account for the sharp rise in cardiovascular risks. In general, stu-
dents start attending secondary school in the age 12–14. Although
over 75% of the schools in Macao provided lunch for their students,
only 29.6%, 9.3% and 4.8% of senior primary (aged 9–11), junior sec-
ondary (aged 12–14) and senior secondary school students (aged
15–17) stayed in schools for lunch respectively [25]. The dietary
environment outside schools may  influence students’ diet and body
weight. As shown from the previous research, greater numbers of
takeaways and grocers/convenience stores within 400 m of schools
predicted lower dietary quality among 1382 adolescents in London
[32]. A large-scale study in California (over 500,000 youths) found
that students with fast-food restaurants within one half mile of
their schools consumed fewer fruits and vegetables but more soda
drinks, and had greater likelihood of being overweight or obese
[33]. Although the prevalence of general and abdominal obesity
gradually dropped in late adolescence, obesity prevention starting
from early secondary school age is still warranted.

The strength of this study is to compare the individual data of
two study periods, which enable comparison to identify specific
groups of students with higher cardiovascular risk. However, our
research is a repeated cross-sectional study instead of a cohort. Fur-
thermore, the participants in study periods could not be matched
because participants were sampled separately. The present findings

only indicated the possibility instead of confirming the association
between dietary habits and the change in cardiovascular risk across
two study periods.

https://www.gov.mo/zh-hant/news/68527/
https://www.gov.mo/zh-hant/news/68527/
https://www.gov.mo/zh-hant/news/68527/
https://www.gov.mo/zh-hant/news/68527/
https://www.gov.mo/zh-hant/news/68527/
https://www.gov.mo/zh-hant/news/68527/
https://www.gov.mo/zh-hant/news/68527/
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onclusion

The present study has compared the changes in prevalence of
ietary habits and cardiovascular risk factors among Macao stu-
ents. Students aged 12–14 consumed less fruits and vegetables
ut consumed more dairy products, while their rates of general and
bdominal obesity were comparable or even exceed the values in
he previous study period. To facilitate resource allocation, obesity
revention should be targeted on students with the most needs.
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