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Food group intake among adolescents in Guangzhou city
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Food group intake in adolescents has many health implications. However, no study has been conducted to assess
food group intake among Chinese adolescents. Objective: The purpose of this study was to evaluate food group
intakes among Chinese adolescents living in Guangzhou city and the proportion of adolescents surveyed meeting
the Chinese dietary guidelines, and the Chinese food pagoda for a balanced diet 2007. Methods: A school-based
cross-sectional survey was conducted in Guangzhou city between October 2006 and April 2007. A random sam-
ple of 2977 adolescents, aged 12 to 17 years, was interviewed. A self-administered semi-quantitative food fre-
quency questionnaire was used to estimate food group intakes of adolescents. Results: A high percentage of ado-
lescents consumed too little plant foods including vegetables, fruit, and soybean products. Only 9%, 14% and 6%
of adolescents surveyed reached the minimum daily recommended intake levels for vegetables, fruit, and soybean
products and nuts. Nearly 70% of the studied adolescents consumed dairy less than the recommended daily intake
and more than 20% adolescents reached the recommended amounts for cereals and eggs. More than one-third
(35.6%) of adolescents did not meet any food group recommendations. And no adolescents reached all eight food
group recommendations. An inadequate consumption of calcium and iron among adolescents was also found.
Conclusions: The results of this study indicate that most adolescents living in Guangzhou city are not meeting the
current recommendations for intakes of the various food groups.
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INTRODUCTION

Adolescence is an important growth and development
period which has implications for future nutrition status.'
It is well accepted that an individual's eating habits begin
to form early in life and dietary habits developed during
adolescence can carry into adulthood.”” Furthermore,
dietary intake patterns during adolescence can influence
future risk of obesity, type 2 diabetes, cardiovascular dis-
ease, hypertension and cancer.*® Given the many health
implications of adolescent nutrition, there is an urgent
need to study the dietary intakes of adolescents.

Chinese dietary guidelines and the Chinese food pa-
goda 2007 were developed by the Chinese Nutrition
Society in 2007 (http:/www.cnsoc.org/cn/nutrition.
asp?s=9&nid=467).” Dietary adequacy, variety and
moderation are addressed through dietary
recommendations in the Chinese dietary guidelines and
the Chinese food pagoda 2007. The dietary
recommendations presented in the Chinese food pagoda
2007 are intended for all healthy Chinese individuals
aged six years and above. So far, there is limited
information, however, on how well Chinese adolescents
adhere to these recommendations.

The present study aimed to examine the consumption

level of food groups among Chinese adolescents living in
Guangzhou city and the extent to which their diets met
the recommended intakes in a cross-sectional descriptive
survey.

SUBJECTS AND METHODS

Study subjects

During the period October 2006 to April 2007, a school-
based cross-sectional survey was conducted in
Guangzhou urban districts to investigate dietary intake
among adolescents. Multistage cluster sampling
technique was used to choose the study sample. In the
first stage, 26 high schools were randomly selected. In the
second stage, one class from each grade of these schools
was randomly chosen and 72 classes were finally selected.
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All students in the selected classes were invited to par-
ticipate in this study. Students under 12 or over 17 years
of age were excluded in the final data analysis. A total
sample of 2,977 schoolchildren from the selected 26
schools constituted the subjects of the study.

Dietary assessment

A food frequency questionnaire (FFQ) was used to collect
information on the weekly consumption of 81 foods or
food groups that consist of the most commonly consumed
foods in China. The instrument was self-administered in
the classroom while teachers and research staff monitored
the participants. Each participant was required to report
their usual consumption frequency as the number of time
per week and the average amount of food eaten each time.
A commonly used portion size was specified for each
food (eg, slice, glass, or unit, such as one apple or
banana). For foods without a discrete portion size such as
vegetables and meat, a medium bowel was used to
estimate their usual portion size. Food photographs and
full scale food portion visual aids for the reference
portion sizes were provided to help participants estimate
and record the amounts of food consumed. The weekly
frequency of consumption of each food was multiplied by
reported portion size to obtain the total amount of each
food in grams consumed per week and then dividing by
seven in order to get the amount of daily intake.

The FFQ used in this study was adapted from the adult
version which has been validated in Chinese women
residing in Guangdong province.® Two food items
commonly consumed by adolescents that were not
included in the original questionnaire were added (e.g.
chocolate and other kinds of candies). For the current
study, the reproducibility of the FFQ was examined in 99
adolescents who completed two FFQs, two to three
months apart. The correlation coefficients between the
two FFQs ranged from 0.42 (fat) to 0.52 (protein) for
macronutrients, 0.37 (vitamin A) to 0.63 (vitamin C) for
micronutrients and 0.33 (soy) to 0.58 (vegetables) for
food groups. These results seemed to be comparable to
the values reported by others.”!?

Chinese food pagoda 2007 depicts eight food
categories, including cereals, vegetables, fruit, meat, fish
and shrimps, eggs, soybean products and nuts, and dairy
products. Based upon this food pagoda, food items were
aggregated into eight major food groups. Among 81 food
items, cereals items included white rice, porridge, noodles,
bread, cake and biscuits. Vegetable items included dark
green leafy vegetables, cruciferous vegetables, melon,
radish and pepper, carrot, tomato, starchy tubers, fresh
corn, fresh beans, allium, mushroom and fungi. Fruit
items included citrus fruits, apple, pear, peach, plum,
banana, grape, litchi, longan, watermelon, papaya,
cantaloupe, kiwi fruit, strawberry, pineapple, mango and
durian. Meat was considered to be the sum of pork, beef,
lamb, beef or pork liver, kidney, hearts, brain, tongues,
sausage, ham, bacon, hot dogs, poultry (chicken, duck
and goose meat). Fish and shrimps included freshwater
fish, saltwater fish, canned fish, salted fish, crab, shrimp,
prawn, squid, cuttle, scallops, mussel and whelk. Soybean
products and nuts intake was estimated based on the
intake of hard tofu, fried tofu pop, soft tofu, processed

soy products (tofu curd and vegetarian chicken); soy
drink; bean curd pudding; soybean (fresh soybean and
dried soybean); peanut, and walnut. Eight dairy food
items (whole milk, whole milk powder, skim/low-fat milk,
skim/low-fat milk powder, yoghurt, milk tea, cheese, and
ice cream) were used to calculate the dairy intake. The
daily intakes of food groups (in g) were calculated by
summing intakes of individual foods in each food group
for each participant. Two beverage items (fruit juices;
coca cola and other soda water) were also included in the
food list of the FFQ.

At baseline, 2,977 adolescents completed the FFQ. The
basal metabolic rate (BMR) was calculated based on the
Schofield Equation (BMR=17.5xweight+651 for boys
aged 10-18 years, and BMR=12.2xweight+746 for girls
aged 10-18 years).!" The ratio of energy intake to
estimated BMR was used to evaluate the under- and over-
reporting. Extreme low- and high-energy students were
identified using Goldberg's cut-off points (lower than
0.88 or above 2.72).'"%"* Consequently, 614 students
underreported and 77 over-reported their energy intakes
and were excluded from this study. Individuals with >30
missing items (82 students) on the FFQ were also
excluded, yielding a sample size of 2,204.

Anthropometric measurement

Anthropometric measurements were taken for all students
by trained researchers. Weight was measured in
underwear and without shoes with the standard physician
beam scale to the nearest 0.1 kg, and height was
measured barefoot and was recorded to the nearest 0.1 cm
on standardized, wall-mounted height boards. Body mass
index (BMI) was calculated as weight in kilograms
divided by height in meters squared. The age- and sex-
specific BMI reference for Chinese children and
adolescents'* was used to define overweight and obesity.
Written informed consent forms were obtained from
adolescents and their parents. This study was approved by
The Ethical Committee of School of Public Health, Sun
Yat-sen University.

Statistical analysis

All data analyses were performed using SPSS 13.0 (SPSS
Inc., Chicago, Illinois, USA). Due to the skewed
distribution of data, the Wilcoxon rank-sum test was
conducted to test median differences of food group
intakes between boys and girls.

According to the Chinese food pagoda 2007, the
recommended daily intake levels are 250-400 g for
cereals, 300-500 g for vegetables, 200-400 g for fruits,
50-75 g for meat, 70-100 g for fish and shrimps, 25-50 g
for eggs, 30-50 g for soybean products and nuts, and 300
g for dairy. The average daily food group intakes in
adolescents were calculated. The percentage of
adolescents meeting the food pagoda recommendation for
each food group was determined. Intakes of nutrients that
are considered to be indicative of or critical for proper
nutrition among adolescents were also estimated based on
the Chinese Food Composition Table," including protein,
fat, carbohydrate, vitamin A, vitamin C, zinc, iron, and
calcium. Average consumption levels of nutrients were
evaluated and compared with the Chinese dietary refer-
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ence intake.'® The food group intakes were also compared
with the results of 2002 Chinese National Nutrition and
Health Survey (2002 NNHS).!" In this paper, all p-values
were two sided, and statistical significance was
determined at the p<0.05 level.

RESULTS

The characteristics of adolescents were described in Table
1. The mean age (SD) of the study participants was 15.1
(1.9) years and 53.8% were girls. The mean (SD) height
and weight was 167.8 (8.4) cm and 55.0 (11.2) kg for
boys, 158.1 (5.8) cm, and 47.0 (7.2) kg for girls. The
number of adolescents who were overweight or obese
were: 79 (7.8%) and 37 (3.6%) for boys and 36 (3.0%)
and 16 (1.3%) for girls, respectively.

Among boys, the mean consumption of cereals,
vegetable, fruit, meat, fish and shrimps, eggs, dairy, and
soybean products and nuts were: 268, 172, 106, 141, 45,
30, 275, and 13 g per day, respectively. The
corresponding mean consumption in girls were: 176, 157,
108, 104, 41, 24, 249, and 10 g per day, respectively. The
average daily consumption of vegetables, fruit, and
soybean products and nuts were far below the minimum
recommended intake (300 g for vegetables, 200 g for fruit,
and 30 g for soybean products and nuts). Boys consumed
significantly more cereals, meat, and dairy products than
girls (p<0.001). However, fruit, fish and shrimps intakes
were not significantly different by gender (Table 2).

In comparison to the mean absolute food group intakes
by adolescents residing in large cities in the 2002 NNHS,
boys in the present study were found to have lower
intakes of cereals, vegetables, fish and shrimps, eggs,
soybean products and nuts; higher intakes of fruit, meat
and dairy products. Girls had lower intakes of most food

Table 1. Characteristics of the study subjects

groups except for fruit and dairy products (Table 2).

The percentages of participants reaching the Chinese
food pagoda 2007 are presented in Table 3. The majority
of adolescents consumed vegetables, fruit, and soybean
products and nuts much less than the required minimum
recommendations. Only 9.2%, 14.1% and 6.4% of
adolescents reached the minimum daily recommended
intake levels for vegetables, fruit, and soybean products
and nuts. Nearly 70% of the sample consumed dairy less
than the recommended daily intake. More than 20%
adolescents reached the recommended amounts for
cereals and eggs. The percentages of meeting cereals,
eggs, meat, fruit, vegetables, fish and shrimps, soybean
products and nuts recommendations were 25.2%, 20.8%,
18.3%, 10.5%, 7.6%, 6.9%, and 4.3%, respectively. More
than one-third (35.6%) of adolescents did not meet any
food group recommendations. And no adolescents
reached all eight food groups recommendations.

As shown in Table 4, the mean energy intake was
2,267 and 1,772 kcal/day for boys and girls, respectively.
The mean intakes for percent energy from carbohydrate
and fat were within the Chinese recommended nutrient
intake (RNI) range (55-65% of energy for carbohydrate
and 25-30% of energy for fat, respectively). On average,
carbohydrate contributed to 57.0% of total energy intake.
With respect to fat, the mean percentage of energy intake
from fat was 25.4%. Nearly 80% of adolescents were not
within the recommended range, with 52.5% and 23.8%
beneath or exceeding this range, respectively. A low
consumption of calcium and zinc was observed in the
studied adolescents. It is important to underline the high
percentage of girls that may be at risk of iron and calcium
deficiency. Only 28.2% and 16.6% of the girls’ were
observed to have iron and calcium intakes reached the

Boys Girls Total
n (%) 1,018 (46.2) 1,186 (53.8) 2,204
Age (years) T 15.1+1.9 15.1+£2.0 15.1+1.9
Body weight (kg) T 55.0£11.2 47.0+7.2 50.7+10.1
Body height (cm) T 168+8.4 158+5.8 163+8.6
BMI (kg/m®) t 19.4+3.1 18.8+2.5 19.1+2.8
Overweight (n, %) 79 (7.8) 36 (3.0) 115(5.2)
Obesity (n, %) 37(3.6) 16 (1.3) 5324

1 Data presented as mean + SD

Table 2. Average daily intakes of food groups among Chinese adolescents in Guangzhou city

Food group intakes based on FFQ

Mean intake by adolescents

(Mean = SD) in large cities (2002 NNHS)
Boys Girls Total .

(n=1,018) (n=1,186) (n=2,204) Boys Girls
Cereals (g) 268114 177£71.2 219+104 322 246
Vegetables (g) 172+116 157103 164+109 236 212
Fruit (g) 106131 108£118 107124 59.5 84.6
Meat (g) 141104 104+73.7 1214+90.8 119 111
Fish and shrimps (g) 44.7£61.2 40.7+£55.4 42.5+£58.2 59.7 57
Eggs (g) 30.2+39.9 24.0+23.9 26.9+32.5 42.1 39.5
Dairy (g) 275+236 250+218 2614227 107 90.9
Soybean products and nuts (g) 13.4+17.0 10.2+9.6 11.7+13.6 19.6 13.0

+ NNHS: Chinese National Nutrition and Health Survey
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Table 3. Number and percentage of daily food group intakes among Chinese adolescents in Guangzhou city compared

with the Chinese dietary guidelines

Recommendationst o .
1 9 Total (n, ¢
Food groups (e/day) Boys (n, %) Girls (n, %) otal (n, %)
Cereals <250 474 (46.6) 1,041 (87.8) 1,515 (68.7)
250-400 426 (41.8) 129 (10.9) 555(25.2)
>400 118 (11.6) 16 (1.3) 134 (6.1)
Vegetables <300 909 (89.3) 1,091 (92.0) 2,000 (90.7)
300-500 88 (8.6) 80 (6.7) 168 (7.6)
>500 21 (2.1) 15(1.3) 36 (1.6)
Fruit <200 886 (87.0) 1,007 (84.9) 1,893 (85.9)
200-400 92 (9.0) 139 (11.7) 231 (10.5)
>400 40 (4.0) 40 (3.4) 80 (3.6)
Meat <50 123 (12.1) 237 (20.0) 360 (16.3)
50-75 160 (15.7) 243 (20.5) 403 (18.3)
>75 735 (72.2) 706 (59.5) 1,441 (65.4)
Fish and shrimps <50 819 (80.5) 985 (83.1) 1,804 (81.8)
50-100 70 (6.9) 82(6.9) 152 (6.9)
>100 129 (12.6) 119 (10.0) 248 (11.3)
Eggs <25 606 (59.5) 802 (67.6) 1,408 (63.9)
25-50 232 (22.8) 227 (19.2) 459 (20.8)
>50 180 (17.7) 157 (13.2) 337(15.3)
Dairy <300 642 (63.1) 844 (71.2) 1,486 (67.4)
>300 376 (36.9) 342 (28.8) 718 (32.6)
Soybean products and nuts <30 924 (90.8) 1,138 (96.0) 2,062 (93.6)
30-50 59 (5.8) 36 (3.0) 95 (4.3)
>50 35(3.4) 12 (1.0) 47 (2.1)

+ Data recommended by Chinese dietary guidelines and Chinese food pagoda for a balanced diet 2007

Table 4. Number and percentage of inadequate intakes of selected nutrients among Chinese adolescents in Guang-
zhou city compared with the Chinese dietary reference intakes

DRIs (RNVAI) t

. Boys Girls - Boys Girls Total
Nutrients Boys (12~13y/  Girls (12~13y/ . o o
(Mean £ SD) (Mean + SD) 1417 ) 14~17 ) (n, %) (n, %) (n, %)
ar‘czrl“)gy 22674683 1,772+494 2,400/2,900 2,200/2,400 816(80.2) 1,025(86.4) 1,841(83.5)
?S;agg)‘ A 8114693 685+534 >700/>800 >700/>700 624(61.3) 795(67.0) 1419(64.4)
Z:]gm‘“ C 164749 104636 >90/>100 >90/>100 512(50.3) 652(55.0) 1,164(52.8)
Iron (mg)  24.749.5 19.1+7.1 >16/>20 >18/>25 264(25.9) 851(71.8) 1,115(50.6)
Zinc (mg)  17.146.8 13.245.4 >18.0/>19.0  >15.0/>15.5 681(66.9) 849(71.6) 1,530(69.4)
(Crﬁglum 836+328 7814303 >1,000/>1,000  >1,000/>1,000 602(59.1) 989(83.4) 1,591(72.2)

1 DRI: Dietary reference intake; RNI: recommended nutrient intake; Al: Adequate intake

level of adequate intakes.

DISCUSSION

This cross-sectional study showed that the majority of
Chinese adolescents living in Guangzhou city consumed
vegetables, fruit, and soybean products and nuts less than
the required minimum recommendations. More than one-

third of the adolescents did not meet any food group rec-
ommendations. No adolescents met all eight food group
recommendations.

Vegetables and fruit are essential components of a
healthy diet and are a significant source of vitamins, min-
erals and other bioactive substances. Among various food
groups, vegetables and fruit are the most commonly stud-
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ied food groups among adolescents. One study '* con-

ducted in a Czech population showed that boys aged 11-
14 years consumed 123 g of vegetables and 161g of fruits
per day. The corresponding mean consumption was 101 g
and 162 g in girls aged 11-14 years, respectively. Sat-
heannoppakao e al'’ reported that mean vegetables in-
take was 1.77 servings (approximately 141.6 g/day) for
boys and 1.78 servings (approximately 142.4 g/day) for
girls in Thailand. And mean fruit intake was 1.37 servings
(approximately 110 g/day) for boys and 1.55 servings
(approximately 124 g/day) for girls. Mean vegetables and
fruit intake ranged from 143-265 g/day was observed in a
survey focused on 1l-year-old children from nine
European countries.”’ The average daily consumption of
vegetables and fruit were 186+74 g and 107+100 g in
Italian secondary school students aged 17 years.”' In the
current study, the mean vegetables and fruit intakes of
164 and 107 g/day were comparable to the results in other
countries. However, compared to the Chinese food
pagoda 2007 (300-500 g/day for vegetables, 200-400
g/day for fruits), the surveyed adolescents consumed an
insufficient amount of vegetables and fruit. Only 9.2%
and 14.1% of the adolescents consumed vegetables and
fruit meeting or exceeding the minimum recommended
intakes. In view of the substantial health benefits of
vegetables and fruit, there is an urgent need to encourage
Chinese adolescents to increase consumption of
vegetables and fruits.

Consumption of cereals, meat, dairy and soybean
products and nuts among adolescents has previously been
reported in a few studies. The average daily consumption
of cereals, meat, dairy and soy was 310, 136, 211 and 16
g in 17 year old Italian secondary school students.*' This
consumption level was comparable to that observed in
our study (cereals 219 g, meat 121 g, dairy 261 g, and soy
food and nuts 12 g). However, consumption of dairy was
higher (402 g) in German adolescents aged 14-18 years *
than the values obtained in our survey. Compared with
the Chinese food pagoda, 93.6% of the studied
adolescents did not meet the minimum recommended
intake for soybean products and nuts. The percentages of
adolescents meeting the recommended amounts for
cereals and meat were 25.2% and 18.3%, respectively.

In terms of nutrients, as observed in the current study,
an inadequate consumption of calcium and iron among
adolescents was also found in studies conducted in Italy,”’
Greece,” Turkey’ and other European countries.”* Of
total energy intake, median energy intake for percent
energy from fat was 33% in male adolescents of Canada.’
In the United States, the percent of energy from fat was
about 31%-39% among adolescents.>*® In Greece
adolescents, 41% for boys and 43% for girls was derived
from fat.”® Unlike these studies, the mean percentage of
energy intake from fat was 25.4% in the current study. It
is valuable to note that slightly more than one half (52.5%)
of the adolescents did not reach the recommended fat
intake (25-30% of total energy). The relatively higher
percentage of fat intake below the recommended range
maybe the result of the fact that information on the con-
sumption of edible oil (vegetable oils and animal fats)
was not collected in this study. Therefore, energy provide

by edible oil was not included in the calculation of the
total energy intake.

In the current study, no adolescents met all eight food
group recommendations in comparison with the recom-
mended amounts depicted in the Chinese food pagoda
2007. More than one-third of the adolescents did not meet
any food group recommendations. Enns and colleagues®’
reported that for any given Food Guide Pyramid group,
less than one half of adolescents consumed the recom-
mended number of servings. Another study also con-
ducted in United States showed that compared with rec-
ommendations, most children and adolescents did not
meet any recommendations.”® One study conducted in
Australian showed that almost two thirds of the adoles-
cents have food intakes that fall short of the recommenda-
tions outlined in the Australian Guide to Healthy Eating.”’
All these studies showed that most adolescents failed to
meet the recommendations for food group intake. Nutri-
tional needs increase sharply during adolescence because
of the increased growth rate and changes in body compo-
sition. A healthy diet that includes a variety of different
foods is important to maintain health and no single food
can provide all the essential nutrients that the body needs
to be healthy and function efficiently.

When interpreting the findings of this study, some
methodological issues must be addressed. This cross-
sectional survey was conducted in samples of adolescents
from 26 high schools located in Guangzhou urban
districts. We can not say that the results are representative
for all Chinese adolescents. The generalization therefore
must be made very cautiously. Another important
methodological issue is that an 81-item FFQ was used to
assess the quantity of foods consumed daily in this study.
Dietary intake data collected via FFQs may be crude
because FFQs are restricted to a short list of some 50-150
food items compared with the many thousands of foods in
population food supplies. However, the validation study
showed that the FFQ has satisfactory reproducibility and
reasonable validity among Chinese women.® Furthermore,
although the validity of our FFQ was not assessed among
the adolescents, the results of the reproducibility
evaluated in adolescents indicated that our FFQ gave
reproducible estimates of nutrient and food group intake.
Thirdly, accurate reporting of dietary intake for young
people is also of concern. There may be errors in
assessing the frequency of consumption of foods and
differences in perceptions of portion size. Under- and
over-reporting of food intake may occur, particularly in
this age group. However, this problem has been tackled
by excluding individuals with energy intake/BMR under
or above a certain cut-off point. Therefore, the problem of
under- and over-reporting will not influence the results
seriously, if it exists.

The results of this study indicated that most
adolescents did not follow the food group
recommendations, especially for vegetables, fruit and soy
food group. There is an urgent need for nutrition
education and intervention to encourage the consumption
of a healthy diet.
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