
Introduction
In tandem with rapid economic transformation in China, the
Chinese population has experienced a substantial change in
diet.1,2 Concurrently, the incidences of cardiovascular disease,
cerebrovascular disease and some cancers have risen signifi-
cantly.3,4 In Tianjin, a large city in northern China with a
population of nine million, cardiovascular disease, cerebro-
vascular disease and cancers were the main causes of mortal-
ity and accounted for 73.15% of all deaths.5 For this reason,
the Tianjin Project, the first national project to research and
intervene to reduce the incidence and mortality of non-com-
municable diseases, was commenced in 1984. Diet has been
identified as one of major risk factors associated with the
observed change in disease patterns.6,7 The change in diet
may partially account for the increased incidence and mor-
tality of chronic diseases. Alternatively, due to the transition
from a planned economy to a market one, income differences
in this population have been expanding greatly. Special atten-
tion may need to be paid to the low intakes or even deficien-
cies of some nutrients in socio-economically disadvantaged
groups within the population in order to ascertain whether a
similar nutritional status can be maintained throughout the
wider community.

Income and education are considered to be two of the
most important factors influencing nutritional status.
Increased income makes it possible for people to select bet-
ter foods to meet their personal needs. Well-educated indi-
viduals are thought to choose their foods in a more informed
way. However, it is still not clear to what extent income and
educational attainment influence food patterns and nutri-
tional status in this population. We studied the differences in
food consumption and consequent nutritional status among
different socio-economic groups. Thus, we were able to
ascertain and differentiate between some nutritional prob-
lems in these groups so that better designs for well-targeted
nutrition intervention strategies could be established. 

Subjects
The sample was a subsample of the third National Nutrition
Survey of China for Tianjin, which was carried out in
Autumn 1992. It was a random representative sample of
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Tianjin’s non-institutionalized population of approximately
nine million people. Subjects were selected using a stratified
multistage cluster random sampling method.8 Firstly, 960
households were selected, although data from three house-
holds were discarded due to incomplete collection. The num-
ber of people in the 957 households amounted to 3302.
Among them, 110 were not available for study during the
survey. In line with the key population in the Tianjin project,
we selected subjects aged 15–64 years as the study popula-
tion. Therefore, of the 3288 participants, 2236 people (1096
men and 1140 women) were left as eligible subjects for this
study after excluding those aged below 15 years or above 64
years. The characteristics of the study population are listed in
Table 1.

The mean age of the study population was 37.8 years for
men and 37.6 years for women. The 2236 subjects were
divided into urban and rural groups based on their dwelling
places. Furthermore, 2215 participants who reported their
family income were classified into four different income sec-
tions according to the monthly average income per capita of
their family. First, those in the top 10 percent of income were
categorized as belonging in the high income group and those
in the bottom 10 percent of income were classified in the low
income group. Those left were evenly divided into the mid-
high and mid-low groups. Categorization by educational
level was also performed such that 2223 subjects whose edu-
cation attainment levels were available were classified into
three groups in terms of number of years of education.

Methods
Food consumption and nutrient intake
Dietary intakes were assessed using food weighing and a
three-day food record method. Standardized scales of 5 kg
(0.01 kg) were used to weigh most of the foods and scales of

0.5 kg (0.001 kg) were used to weigh condiments like salt,
monosodium glutamate etc. A description of the survey
method is available elsewhere.9,10 Briefly, after the supper of
the first day of the survey, trained health workers visited the
sampled households to weigh and record all the foods left
within the households that day, including raw materials,
processed and home-made foods. After the suppers of the
second and third day of the survey, the same investigators
visited the same households to ask and record the amounts of
foods bought and discarded during that day. After the supper
of the fourth day, they asked about the amounts of foods
bought and discarded during that day and weighed all foods
left. At the same time, individuals were asked about food
consumption and this was recorded on a 24 h recall basis for
three consecutive days. The estimated amounts of total indi-
vidual food intakes were reconciled through adjusting the
estimated amounts of the three-day individual food records
according to the weighed sums consumed by the household
members. This was because the data obtained by the weigh-
ing method were considered more precise.

Body height and weight measurement
Height and weight were measured using a stadiometer and
beam balance scale. The subjects wore light indoor clothing
without shoes. The measurement was conducted twice and
the mean of readings was used for analysis.

Statistical analyses 
The data were analyzed with SAS software.11 The nutrient
intakes were converted into the percentage of Chinese Rec-
ommended Dietary Allowances (RDA) where the RDAs for
those nutrients were available.12 FREQ was used to calculate
the distribution of the study population. The difference of
food consumption and nutrient intake among and between
groups was compared with an analysis of covariance
(ANCOVA) provided by GLM, and a two-tailed Student’s t-
test was used to assess the significance of the differences
between the groups. Fisher’s exact test was used to test the
significance of the differences among the groups. In the
ANCOVA analysis, age, sex, locality, and income or educa-
tion levels were used as covariates except in the comparison
of nutrient intakes as percentages of RDA because the factors
of age and sex are considered in Chinese RDA. A probability
of < 0.05 was accepted as statistically significant.

Results
Differences in food consumption
It was found that there were marked differences in the daily
mean consumption of foods among groups with different
income levels. Among these groups, statistical significance
was detected for almost all categories of foods except for
sugar (Table 2). The low and mid-low income groups con-
sumed significantly more cereals but less legumes than the
mid-high and high income groups and the low income group
consumed even more cereal than the mid-low group. In con-
trast, the consumption of fruits significantly increased with
increasing levels of income. Vegetable consumption was
lower in the low income group than in the other three groups.
Meat consumption was also lower in the low and mid-low
income groups than in the mid-high and high income groups,
and lower in the low income group than in the mid-low
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Table 1. The characteristics of the study population aged
between 15 and 64 years

Item Men Women Total

Age (year)* 37.8 ± 13.4 37.6 ± 13.0 37.7 ± 13.2
15–24 214 222 436
25–34 220 247 467
35–44 326 342 668
45–54 176 170 364
55–64 160 159 319

Body weight (kg)* 66.7 ± 12.3 58.6 ± 10.7 62.5 ± 12.2
Body height (m)* 1.70 ± 0.06 1.59 ± 0.06 1.64 ± 0.08
BMI (kg/m2)* 23.1 ± 3.9 23.2 ± 4.1 23.2 ± 4.0
Income

High 118 107 225
Mid-high 443 460 903
Mid-low 422 440 862
Low 103 122 225

Education (years)
0–6 402 546 948
7–12 584 543 1118
> 13 103 54 157

Area
Urban 547 548 1105
Rural 549 582 1131

Total 1096 1140 2236

*, Mean ± SD.



income group. The high income group was found to consume
more milk than any of the other three groups. Consumption
of eggs seemed to increase with increasing levels of income,
but a decrease in consumption of eggs was identified in the
high income group compared to that of the mid-high income
group. The low and mid-low income groups were also found
to consume significantly less fish and oils than the other two
groups and the low income group consumed significantly
less oils than the mid-low income group. The high income
group was found to have the highest consumption of bever-
ages and the use of condiments was the lowest in the low
income group.

To a lesser extent, there were differences in the consump-
tion of foods among the groups with different educational
attainment (Table 3). Consumption of cereals, roots and
potato decreased with increasing years of education. Con-
versely, consumption of fruits, meat, milk and eggs increased
with increasing educational attainment. No significant differ-
ences in consumption of legumes, vegetables, fish, oils, alco-
hol, sugar, nuts, drink or condiments were observed among
the three groups.

Differences in nutrient intake
As a consequence of the differences in food consumption
among different income groups, the levels of nutrient intakes
or the percentages of nutrients reaching RDA were signifi-
cantly different for most of the nutrients (Table 4 and Table
6). Intakes of energy, protein, fat, vitamin A, niacin, ribo-
flavin, calcium, selenium, zinc and total vitamin E tended to
increase with increasing income, while the intake of fibre
tended to decrease. The high income group was identified as
having the highest intakes of vitamin C and iron. The con-
sumption of carbohydrates and manganese were significantly
higher in the low income group than in the other three
groups. Means of Body Mass Index (BMI) of the four groups
were maintained at around 23 and no significant difference
among groups was detected. Thiamin, phosphorus and cop-
per intakes were also similar througthout the four groups.

Even in the high income group, the intakes of calcium, vita-
min A and riboflavin were still lower than the RDA, only
reaching 60.3%, 64.7% and 72.4% of the RDA, respectively.
The low income group consumed 46.5%, 33.9% and 55.7%
of the RDA of calcium, vitamin A and riboflavin, respec-
tively. Sodium intake was high, ranging from 5648 mg to
6322 mg per day with an increase in the high income group,
but potassium intake and the ratio of sodium to potassium
were similar in all the groups.

The differences in percentage of energy from protein, fat
and carbohydrates were marked among the low, mid-low and
mid-high income groups (Table 8). The low and mid-low
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Table 2. Daily food consumption (g) adjusted for age, sex, area and educational attainment per capita of the Tianjin popula-
tion aged between 15 and 64 years by income

Food category Income groups P <
Low* (n = 225) Mid-low* (n = 862) Mid-high* (n = 903) High* (n = 225)

Cereals 465 ± 10ab, ac, ad 429 ± 6ab, bc, bd 412 ± 5ac, bc 403 ± 9ad, bd 0.0001
Legumes 4 ± 1ac, ad 5 ± 1bc, bd 10 ± 1ac, bc 10 ± 1ad, bd 0.0001
Vegetables 283 ± 13ab, ac, ad 330 ± 7ab 324 ± 7ac 324 ± 12ad 0.0074
Roots and potato 60 ± 7ab 42 ± 4ab, bc, bd 56 ± 4 bc 62 ± 6bd 0.0006
Fruits 19 ± 7ab, ac, ad 40 ± 4ab, bc, bd 54 ± 4ac, bc, cd 75 ± 6ad, bd, cd 0.0001
Meat 54 ± 5ab, ac, ad 65 ± 3ab, bc, bd 85 ± 3ac, bc 89 ± 5ad, bd 0.0001
Milk 29 ± 5ad 32 ± 3bd 35 ± 3cd 61 ± 5ad, bd, cd 0.0001
Eggs 25 ± 3ab, ac, ad 33 ± 2ab, bc 43 ± 2ac, bc, cd 35 ± 3ad, cd 0.0001
Fish 34 ± 5ac, ad 40 ± 3bc, bd 48 ± 3ac, bc 53 ± 5ad, bd 0.0057
Oils 23 ± 2ab, ac, ad 28 ± 1ab, bc, bd 31 ± 1ac, bc 33 ± 1ad, bd 0.0001
Alcohol –1 ± 1ac † 2 ± 1bc 4 ± 1ac, bc 2 ± 1 0.0035
Sugar 2.6 ± 0.4 1.6 ± 0.3bc 2.4 ± 0.2 bc 2.2 ± 0.4 0.0539
Nuts 3 ± 1 2 ± 1bc, bd 5 ± 1bc 6 ± 1bd 0.0010
Drinks 0 ± 2ad 0 ± 1bd 1 ± 1cd 5 ± 1ad, bd, cd 0.0082
Condiments 34 ± 2ab, ac, ad 41 ± 1ab, bc 38 ± 1ab, bc 39 ± 2ad 0.0028

*, Mean ± SE; a, low income group; b, mid-low income group; c, mid-high income group; d, high income group. Superscript letters indicate significant
difference between the two groups at a 5% level.
† Only two subjects categorized into the low income group were found to be drinking alcohol during the survey.

Table 3. Daily food consumption (g) adjusted for age, sex,
area and income per capita of the Tianjin population aged
between 15 and 64 years by educational attainment (years)

Food Educational attainment (years) P <
category 0–6* 7–12* 13– *

(n = 948) (n = 1118) (n = 157)

Cereals 452 ± 5ab, ac 431 ± 4ab, bc 384 ± 11ac, bc 0.0001
Legumes 6 ± 1 8 ± 1 8 ± 2 0.2405
Vegetables 313 ± 6 323 ± 6 330 ± 14 0.3654
Roots and 60 ± 3ab 49 ± 3ab 46 ± 7 0.0429

potato
Fruits 34 ± 3ab, ac 44 ± 3ab, bc 64 ± 8ac, bc 0.0008
Meat 64 ± 3ab, ac 73 ± 2ab, bc 89 ± 6ac, bc 0.0001
Milk 18 ± 3ab, ac 27 ± 2ab, bc 64 ± 6ac, bc 0.0001
Eggs 31 ± 1ab, ac 35 ± 1ab, bc 44 ± 3ac, bc 0.0004
Fish 43 ± 2 46 ± 2ab 42 ± 6 0.5655
Oils 30 ± 1 29 ± 1 29 ± 2 0.9429
Alcohol 4 ± 1 4 ± 1 1 ± 2 0.2411
Sugar 2 ± 0 2 ± 0 3 ± 0 0.1802
Nuts 3 ± 1ab 4 ± 1ab 5 ± 1 0.0552
Drinks 1 ± 1 2 ± 1 1 ± 2 0.5311
Condiments 38 ± 1 40 ± 1 40 ± 2 0.3670

*, Mean ± SE; a, 0–6 years education group; b, 7–12 years group; c, 13–
years group. Superscript letters indicate a significant difference between the
two groups at a 5% level.



income groups had a lower percentage of energy from pro-
tein than the mid-high and high income groups, and the high
income group had a higher percentage of energy from protein
than the mid-high income group. Percentages of energy from
fat or carbohydrates also varied with income. However, the
high income group was able to maintain about the same level
of fat and carbohydrate percentages as the mid-high income
group.

In line with the differing food consumption patterns
among the groups with different educational attainment,
intakes of carbohydrates and manganese decreased with
increasing years of education (Table 5 and Table 7). The
group with low education attainment was found to have the
lowest intakes of selenium, zinc and copper. Intakes of pro-
tein, calcium, vitamin C, niacin, riboflavin, thiamin and
potassium were significantly higher in the most educated
group than in the other two groups. Intakes of vitamin A,
iron, vitamin E, phosphorus and magnesium, sodium and the
ratio of sodium to potassium were not found to be signifi-
cantly different among the three groups. Even though the
most educated group was found to have the highest intakes of
calcium and riboflavin, the levels were still quite low, 58.1%
and 77.1% of the RDA, respectively. Vitamin A intake was
also found to be low, 54.7% of the RDA in the least educated
group, 55.8% in the 7 to 12 years education group and 67.3%
in the most educated group. The percentages of energy
source from protein, carbohydrate and fat are listed in Table
9. The percentages of energy from protein and fat increased
significantly from the 0 to 6 years education group to the 7 to
12 years group and to the 13 years or above group. The per-
centage of energy from carbohydrates decreased with educa-
tional attainment in this population.

Discussion
To some extent, food habits and nutritional status reflect the
food availability and socio-economic conditions of a region.
However, the effects of income and education are sometimes
divergent in countries with different levels of development
and culture. For example, Arija et al. reported that medium
and high social classes followed very similar diets;13 how-
ever, the population group with the lowest socio-economic
status had the lowest intake of nutrients in the Spanish Reus

population, while a report from Australia suggested that
some parents on low incomes were able to maintain nutrient
intakes similar to that of the wider community.14 A cross-sec-
tional study of food and nutrient intakes classified by socio-
economic status may provide precious information about the
possible transition towards a population’s future nutrition
status in places where food consumption and lifestyle have
been undergoing radical change. In the Tianjin population,
the group classified in the bottom 10 per cent of income had
a poor quality diet, with carbohydrates accounting for 65% of
their energy source (itself not necessarily a nutritional prob-
lem and possibly an advantage). However, the percentage of
those whose energy intake reached the RDA in the lowest
income group was similar to that of the wider community and
their mean BMI was also similar to other income groups.

Due to the low consumption of legumes, vegetables,
fruits, meat and eggs in the low income group, intakes of cal-
cium, riboflavin and vitamin A, especially, were far below
the RDA in this group. In contrast, the high income group
had a better quality diet. The consumption of fruit and milk
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Table 4. Nutrient intake percentage of Chinese Recommended Dietary Allowances adjusted for educational attainment and
area in the Tianjin population aged between 15 and 64 years by income

Nutrient Chinese Income groups P <
RDA** Low* (n = 225) Mid-low* (n = 862) Mid-high* (n = 903) High* (n = 225)

Energy 10 (mJ) 89.1 ± 2.2ac, ad 90.4 ± 1.2bc, bd 93.9 ± 1.2ac, bc 96.9 ± 2.0ad, bd 0.0042
Protein 70 (g) 89.1 ± 2.2ac, ad 90.6 ± 1.2bc, bd 96.4 ± 1.2ac, bc, cd 102.3 ± 2.0ad, bd, cd 0.0001
Calcium 800 (mg) 46.5 ± 2.5ac, ad 49.9 ± 1.4bc, bd 53.6 ± 1.4ac, bc, cd 60.3 ± 2.3ad, bd, cd 0.0001
Iron 12 (mg) 177.6 ± 6.7ad 174.1 ± 3.8bd 178.8 ± 3.6cd 197.2 ± 6.2ad, bd, cd 0.0093
Zinc 15 (mg) 78.9 ± 2.0 77.8 ± 1.1bc, bd 81.7 ± 1.1bc 85.1 ± 1.8bd 0.0010
Vitamin A*** 800 (µg) 33.9 ± 7.8ab, ac, ad 56.2 ± 4.5ab, bc 66.7 ± 4.3ac, bc 64.8 ± 7.2ad 0.0011
Thiamin 1.2 (mg) 83.5 ± 2.9 81.5 ± 1.6 81.7 ± 1.6 83.4 ± 2.6 0.8497
Riboflavin 1.2 (mg) 55.7 ± 2.4ac, ad 60.0 ± 1.3bc, bd 67.2 ± 1.3ac, bc, cd 72.4 ± 2.1ad, bd, cd 0.0001
Niacin 12 (mg) 109.8 ± 4.1ac, ad 108.2 ± 2.3bc, bd 120.8 ± 2.2ac, bc 119.6 ± 3.8ad, bd 0.0001
Vitamin C 60 (mg) 159.6 ± 9.1ad 168.8 ± 5.1bd 165.7 ± 4.9cd 187.2 ± 8.4ad, bd, cd 0.0790
Selenium 50 (µg) 98.1 ± 3.5ac, ad 102.8 ± 2.0bc, bd 115 ± 1.9ac, bc, cd 124.4 ± 3.2ad, bd, cd 0.0001

*, Mean ± SE; **, Chinese Recommended Dietary Allowances (RDA) for adult man with lightest labour; ***, vitamin A retinol equivalent; a, low income
group; b, mid-low income group; c, mid-high income group; d, high income group. Superscript letters indicate a significant difference between the two groups
at a 5% level.

Table 5. Nutrient intake percentage of Chinese Recom-
mended Dietary Allowances adjusted for income and area in
Tianjin population aged between 15 and 64 years by educa-
tional attainment (years)

Nutrient Educational attainment (years) P <
0–6* 7–12* 13– *

(n = 948) (n = 1118) (n = 157)

Energy 94.8 ± 1.0ab 89.7 ± 0.9ab 93.0 ± 2.3 0.0004
Protein 92.8 ± 1.0ac 90.8 ± 0.9bc 99.0 ± 2.4ac, bc 0.0039
Calcium 48.4 ± 1.1ac 50.5 ± 1.0bc 58.1 ± 2.8ac, bc 0.0052
Iron 174.6 ± 3.0 175.4 ± 2.8 187.7 ± 7.3 0.2447
Zinc 77.9 ± 0.9ab, ac 80.5 ± 0.8ab 82.9 ± 2.2ac 0.0358
Vitamin A** 54.7 ± 3.5 55.8 ± 3.2 67.3 ± 8.6 0.4015
Thiamin 80.7 ± 1.3ac 77.6 ± 1.2bc 87.6 ± 3.1ac, bc 0.0052
Riboflavin 56.8 ± 1.0ac 58.3 ± 0.9bc 77.1 ± 2.6ac, bc 0.0001
Niacin 107.6 ± 1.8ac 106.8 ± 1.7bc 130.5 ± 4.5ac, bc 0.0001
Vitamin C 155.8 ± 4.1ac 162.3 ± 3.7bc 188.3 ± 10.0ac, bc 0.0120
Selenium 104.3 ± 1.6ab, ac 109.3 ± 1.4ab 116.0 ± 3.9ac 0.0064

*, Mean ± SE; **, vitamin A retinol equivalent; a, 0–6 years education
group; b, 7–12 years group; c, 13– years group. Superscript letters indicate a
significant difference between the two groups at a 5% level.



was observed to be higher and only the consumption of eggs
was lower in this income group than that in the mid-high
income group. These differences resulted in a significantly
increased intake of calcium, selenium and riboflavin in the
high income group. However, their intake of vitamin A did
not significantly increase when compared with that in the
mid-high income group and, even so, the increased intakes of
calcium and riboflavin in the high income group were still
very low, only reaching a little more than 60 and 70%,
respectively, of the RDA. Meanwhile, fibre intake and per-
centage of energy from fat in the high income group
remained at the same level as those in the mid-high income
group.

These findings suggest that, in this population, the shift in
food selection due to the increase in income may not elimi-
nate low intakes or even possible deficiencies of some nutri-
ents in the short run. However, some further improvement of

intakes of these nutrients can be expected in the future. These
low intakes may be attributed to low contents of these nutri-
ents in locally available foods. It has been demonstrated that
intake levels of nutrients were positively associated with a
food price related formula and policy.15 In other words, this
population had low intakes of these nutrients because people
tended to choose cheaper foods more often and cheaper foods
contained lower levels of certain nutrients. Therefore,
encouraging the production of foods rich in calcium,
riboflavin and vitamin A, combined with proper guidance for
food selection, would be a better way to solve the problem of
nutrient deficiencies.

The increment in the consumption of meat and eggs from
the low income group to the mid-low income group and even
to the mid-high income group was very significant. This
trend of meat consumption in this population was in agree-
ment with an opinion voiced years ago that to improve the
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Table 6. Body mass index and nutrient intake adjusted for age, sex, area and educational attainment in the Tianjin population
aged between 15 and 64 years by income

Nutrient Income groups P <
Low* (n = 225) Mid-low* (n = 862) Mid-high* (n = 903) High* (n = 225) 

BMI (kg/m2) 22.9 ± 0.3 23.4 ± 0.2 23.5 ± 0.2 23.0 ± 0.3 0.2785
Fat (g) 57.9 ± 2.5ab, ac, ad 65.1 ± 1.4ab, bc, bd 73.3 ± 1.4ac, bc 76.0 ± 2.3ad, bd 0.0001
Carbohydrate (g) 379.3 ± 7.6ab, ac, ad 354.2 ± 4.3ab 349.0 ± 4.1ac 346.6 ± 7.0ad 0.0021
Fibre (g) 13.8 ± 0.5ac, ad 13.1 ± 0.3bc 12.5 ± 0.3ac, bc 12.5 ± 0.5ad 0.0442
Total vitamin E (mg) 24.3 ± 1.4ab, ac, ad 30.3 ± 0.8ab, bc, bd 33.7 ± 0.8ac, bc 36.4 ± 1.3ad, bd 0.0001

α (mg) 9.0 ± 0.3 8.6 ± 0.2bd 8.7 ± 0.2cd 9.6 ± 0.3bd, cd 0.0033
β + γ (mg) 10.2 ± 0.9ab, ac, ad 14.0 ± 0.5ab, bc, bd 16.3 ± 0.5ac, bc 17.5 ± 0.8ad, bd 0.0001
δ (mg) 4.1 ± 0.5ab, ac, ad 6.1 ± 0.3ab, bc, bd 7.6 ± 0.3ac, bc 7.9 ± 0.5ad, bd 0.0001

Sodium (mg) 5648 ± 178ab, ad 6048 ± 101ab 5991 ± 97 6322 ± 165ad 0.0350
Potassium (mg) 1883 ± 72 1905 ± 41bc 2014 ± 39bc 2039 ± 67 0.0596
Na/K molar ratio 5.36 ± 0.27a,b 5.96 ± 0.15a,b 5.80 ± 0.15 5.68 ± 0.25 0.1756
Magnesium (mg) 354.8 ± 9.1 336.9 ± 5.2bd 339.0 ± 5.0cd 366.9 ± 8.5bd, cd 0.0038
Manganese (mg) 7.6 ± 0.2ab, ac, ad 7.1 ± 0.1ab 7.0 ± 0.1ac 7.0 ± 0.2ad 0.0204
Copper (mg) 2.3 ± 0.1 2.2 ± 0.0bc 2.3 ± 0.0bc 2.3 ± 0.1 0.1127
Phosphorus (mg) 1149 ± 25 1110 ± 14 1130 ± 14 1157 ± 23 0.1664

*, Mean ± SE; a, low income group; b, mid-low income group; c, mid-high income group; d, high income group. Superscript letters indicate significant
difference between the two groups at a 5% level.

Table 7. Body mass index and nutrient intake adjusted for age, sex, area and income in the Tianjin population aged between
15 and 64 years by educational attainment (years)

Nutrient Educational attainment (years) P <
0–6* (n = 948) 7–12* (n = 1118) 13–* (n = 157)

BMI (kg/m2) 23.2 ± 0.1 23.3 ± 0.1 23.3 ± 0.4 0.9677
Fat (g) 65.6 ± 1.2ab 69.9 ± 1.1ab 71.6 ± 2.8 0.0179
Carbohydrate (g) 373.9 ± 3.6ab, ac 357.7 ± 3.2ab, bc 329.4 ± 8.4ac, bc 0.0001
Fibre (g) 13.4 ± 0.2ac 13.0 ± 0.2 12.2 ± 0.5ac 0.1096
Total vitamin E (mg) 32.0 ± 0.7 32.4 ± 0.6 31.0 ± 1.6 0.6972

α (mg) 8.9 ± 0.1 9.0 ± 0.1 8.4 ± 0.3 0.2280
β + γ (mg) 14.9 ± 0.4 15.2 ± 0.4 14.8 ± 1.0 0.8441
δ (mg) 6.6 ± 0.2 6.8 ± 0.2 6.7 ± 0.6 0.8339

Sodium (mg) 6008 ± 84 6149 ± 75 5873 ± 197 0.2756
Potassium (mg) 1854 ± 34ac 1889 ± 31bc 2145 ± 80ac, bc 0.0041
Na/K molar ratio 5.98 ± 0.13 5.93 ± 0.11 5.48 ± 0.30 0.3010
Magnesium (mg) 348.2 ± 4.2 345.3 ± 3.8 335.6 ± 10.1 0.5182
Manganese (mg) 7.5 ± 0.1ab, ac 7.2 ± 0.1ab, bc 6.6 ± 0.2ac, bc 0.0001
Copper (mg) 2.3 ± 0.0ab, ac 2.2 ± 0.0ab 2.1 ± 0.1ac 0.0261
Phosphorus (mg) 1126 ± 12 1126 ± 11 1131 ± 28 0.9783

*, Mean ± SE; a, 0–6 years education group; b, 7–12 years group; c, 13– years group. Superscript letters indicate a significant difference between the two
groups at a 5% level.



nutritional status of the Chinese people, a greater consump-
tion of animal food should be encouraged.16 However, in the
high income group, an increase in milk consumption and a
decrease in egg consumption were observed when compared
to the mid-high income group. There was no significant dif-
ference in meat or fish consumption between the high and
mid-high groups. The percentages of energy from fat and car-
bohydrates were not significantly different between these
groups. It seems possible that this population may maintain a
relatively low level of consumption of animal foods and
increase fruit consumption even when a large increase in
income has been achieved.

On the whole, the most educated people can be expected
to receive more nutritional messages and be more aware of
nutrition in their diets and, as a result, have more nutrition-
ally adequate diets. The MONICA Augsburg Dietary Survey
verified that although the percentage of carbohydrates, pro-
tein and fat of the total energy intake was nearly the same in
all educational attainment groups, mean daily intakes of vit-
amins (except niacin), minerals and trace elements were bet-
ter in men with higher educational attainment.17 However, in
this population the percentage of energy source from carbo-
hydrates was significantly lower, and the percentage of
energy from fat and protein markedly increased with years of
education. In Tianjin, it was observed that consumption of

meat and fruits significantly increased with increasing years
of education. Concurrently, consumption of cereals, and root
vegetables, including potato were found to decrease from the
0–6 years education group to the 7–12 years group. Intakes
of some of the most deficient nutrients such as calcium and
riboflavin improved greatly with increasing levels of educa-
tion. Therefore, not only had intakes of some vitamins and
minerals increased but increased intakes of fat and protein
and decreased intakes of carbohydrates were also observed
with increasing years of education. Perhaps the increased
intakes of calcium and riboflavin were attributable to an
increase in fruits, animal food and, in particular, milk con-
sumption.

In the MONICA survey, the level of educational attain-
ment seemed to contribute more to increased consumption of
meat and eggs than did income levels. The higher income
levels seemed to contribute to a higher intake of sodium, but
increased educational attainment tended to reduce the intake
of salt, although no significant difference in sodium intake
was detected among the three groups categorized by educa-
tional attainment. It is of interest that intakes of copper and
manganese decreased with increasing educational attain-
ment.

Socio-economic status played an important role in food
consumption in Tianjin. The high income and/or high educa-
tional attainment group had higher intakes of fruits, animal
foods and a lower intake of cereals. Low intakes of vitamin
A, calcium and riboflavin were found throughout all socio-
economic groups in this population. The low income group
was at highest risk of vitamin A deficiency. However,
increased intakes of calcium and riboflavin were observed in
the high income and/or most educated group. The increased
income also helped to increase the intake of vitamin A.
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Table 8. Percentage of energy source from protein, fat and carbohydrates adjusted for age, sex, area and educational attain-
ment by income

Nutrient Income level P <
Low* (n = 225) Mid-low* (n = 862) Mid-high* (n = 903) High* (n = 225)

Protein 12.5 ± 0.2ac, ad 12.6 ± 0.1bc, bd 12.9 ± 0.1ac, bc, cd 13.3 ± 0.2ad, bd, cd 0.0001
Fat 22.5 ± 0.7ab, ac, ad 25.5 ± 0.4ab, bc, bd 27.3 ± 0.4ac, bc 27.8 ± 0.6ad, bd 0.0001
Carbohydrate 65.0 ± 0.7ab, ac, ad 61.7 ± 0.4ab, bc.bd 59.2 ± 0.4ac, bc 58.6 ± 0.6ad, bd 0.0001

*, Mean ± SE; a, low income group; b, mid-low income group; c, mid-high income group; d, high income group. Superscript letters indicate a significant
difference between the two groups at a 5% level.

Table 9. Percentage of energy source from protein, fat and
carbohydrates adjusted for age, sex, area and income by edu-
cational attainment (years)

Nutrient Educational attainment (years) P <
0–6* 7–12* 13–*

(n = 948) (n = 1118) (n = 157)

Protein 12.4 ± 0.1ab, ac 12.6 ± 0.1ab, bc 13.4 ± 0.2ac, bc 0.0001
Fat 24.2 ± 0.3ab, ac 26.3 ± 0.3ab, bc 28.2 ± 0.7ac, bc 0.0001
Carbohydrate 63.0 ± 0.3ab, ac 60.6 ± 0.3ab, bc 58.2 ± 0.7ac, bc 0.0001

*, Mean ± SE; a, 0–6 years education group; b, 7–12 years group; 
c, 13– years group. Superscript letters indicate a significant difference
between the two groups at a 5% level.
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