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ABSTRACT

Objectives: Dietary cholesterol is the leading risk
factor for cardiovascular disease and other chronic
diseases. Changes in dietary patterns in China recently
might have an impact on the trends of diet-related risk
factors of chronic diseases. This study aims to monitor
the changes in daily cholesterol intake and its food
sources in Chinese adults.

Design: A longitudinal study using demographic and
dietary data of adults younger than 60 years from eight
waves (1991-2011) of the China Health and Nutrition
Surveys was conducted. Mixed-effect models were
used in this study.

Setting: The data were derived from urban and rural
communities in nine provinces (autonomous regions)
in China.

Participants: There were 21 273 participants (10 091
males and 11 182 females) in this study.

Outcomes: The major outcome is daily cholesterol
intake amount, which was calculated by using the
Chinese Food Composition Table, based on dietary
data.

Results: The mean daily cholesterol intake in
Chinese adults increased from 165.8 mg/day in

1991 to 266.3 mg/day in 2011. Cholesterol consumed
by participants in different age (18-39 and

40-59 years), sex and urbanisation groups steadily
elevated over time (p<0.0001), as did the proportions
of participants with greater than 300 mg/day
cholesterol consumption. In each subgroup,
cholesterol originating from most of the food groups
showed increasing trends over time (p<0.0001),
except for animal fat and organ meats. Eggs, pork,
fish and shellfish in that order remained the top three
sources in 1991, 2000 and 2011, whereas milks
were a negligible contributor. Cholesterol from

animal fat declined and was insignificant in 2011 in
most of the subgroups, while cholesterol being of
poultry origin increased and became considerable

in 2011.

Conclusions: Adults in China consumed increasingly
high cholesterol and deviated from the recommended
intake level over the past two decades. Adults need to
pay more attention to intakes of eggs, pork, fish and
shellfish.

Strengths and limitations of this study

= This study observed that the amounts of daily
cholesterol intake in Chinese adults steadily
increase from 1991 to 2011, as does the propor-
tion of participants with a greater cholesterol
intake than 300 mg/day. Adults need to pay
attention to the intake in the food groups of
eggs, pork, fish and shellfish in China.

m The primary limitation of this study is that the
accuracy of daily cholesterol intake estimates
was limited by the accuracy of recalls provided
by survey participants, based on a dietary
survey.

= Food grouping can have a major influence on the
ranked order of dietary sources, as the number
of food grouping or the ingredients in food
groups may be partially different compared to
previous studies conducted in various countries.

INTRODUCTION
Adequate dietary intake is a cornerstone of
health promotion and chronic disease pre-
vention. Dietary habits of population are
undergoing substantial changes along with
the socioeconomic transition worldwide,
including developing countries.'™ Changes
in dietary patterns might have an impact on
the trends of dietrelated risk factors of
chronic diseases. Dietary cholesterol has
been reported to link with the progression of
liver disease,” and higher risks of stroke” and
cardiovascular disease.” Therefore, several
countries have developed specific dietary
cholesterol recommendations. Current US
nutrition policy and Chinese Dietary
Reference Intakes recommend limiting the
intake of cholesterol to <300 mg/day for the
general population.7 8

The National Health and Nutrition
Examination Survey 2005-2006 reported
mean intakes of 278 mg cholesterol/day in
the USA, whereas adult females averaged 237
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compared to 358 mg cholesterol/day for adult males.”
As the pervasive public health programmes are focusing
on nutrition education, shifting from red meat to poultry,
the general population is increasingly concerned about
cholesterol intake. The trends in compliance with the
dietary recommendations of the Swiss Society for
Nutrition in the Geneva population were assessed for the
period from 1999 to 2009 using 10 cross-sectional,
population-based surveys, and found that the percentage
of participants with a cholesterol intake of <300 mg/day
increased from 40.8% in 1999 to 43.6% in 2009 for men
and from 57.8% to 61.4% in women, although the quality
of the Swiss diet did not improve over the study period.”
By contrast, few studies longitudinally reported that
mean daily cholesterol intake and the proportion of
people with a greater intake than the recommended
amount increased in adults of both Taiwanese and
Chinese origin.10 1 On the contrary, food sources of
cholesterol may be undergoing great changes with the
modifications in lifestyle and dietary habits worldwide.
China has experienced extremely rapid economic growth
over the past three decades, which induced the epidemic
of a Western lifestyle. However, the dietary cholesterol
intake status in Chinese in recent years is rarely reported.
Taken together, the longitudinal studies targeted on the
trends and food group patterns of dietary cholesterol
intake in China are required.

By use of longitudinal data from the China Health
and Nutrition Survey (CHNS), the aims of the present
study were to examine the trends in dietary cholesterol
intake and its food sources in Chinese adults younger
than 60 years between 1991 and 2011, and to investigate
the differences in dietary cholesterol intake across
demographic factors.

METHODS
Study population
We used data from the CHNS, which is an ongoing
series of longitudinal household surveys with the goal of
examining how the wide-ranging social and economic
changes in China affect a wide array of nutrition and
health-related outcomes. The CHNS conducted nine
rounds between 1989 and 2011 in nine provinces
(autonomous regions). A multistage, random cluster
sample was used to select the survey sample in each
province to make sure that the CHNS provided a repre-
sentation of urban and rural areas. The survey design
and methods have been described in detail elsewhere.'?
Our analysis focused on the adult population aged
18-59 years; therefore, it used the eight waves of survey
data between 1991 and 2011, given that the population
composition in the 1989 survey consisted only of young
adults. Of all the participants who had full socio-
economic status and demographic data, and 3-day, 24 h
dietary recall data, we excluded pregnant or lactating
women and those having implausible energy intakes
(<800 kcal/day or >6000 kcal for men and <600 kcal or

>4000 kcal for women).'” The current analysis therefore
consisted of 21273 participants (10091 males and
11 182 females) clustered in 239 communities, resulting
in 62 616 total responses in the eight survey years. The
research was reviewed and approved by the Institute
Review Board of the University of North Carolina at
Chapel Hill and the Chinese Center for Disease Control
and Prevention.

Dietary data

Household food consumption data and individual
dietary recall data were collected during three consecu-
tive days including one weekend day and two week-
days.12 1 All foods and condiments in home inventory,
purchased from markets, picked from gardens and food
waste, were weighed and recorded at the beginning and
end of the survey. Individual dietary intake data were
collected by asking each household member to report
all food consumed at home and away from home on a
3-day, 24 h recall basis, involving the types, amounts,
type of meal and place of consumption.

Assessment of dietary cholesterol

The Chinese Food Composition Table was utilised to cal-
culate the individual daily intake amount of cholesterol
for each food item in the dietary data.

Evaluation of urbanisation

The standardised, validated urbanisation measure '’ cap-
tures the changes in 12 dimensions at the community
level, including population density, economic activity,
traditional markets, modern markets, transportation
infrastructure, sanitation, communications, housing,
education, diversity, health infrastructure and social ser-
vices. Each is based on numerous measures applicable
to each dimension.

Statistical analysis

The values were expressed as mean+SE for continuous
variables or as a percentage of the total for categorical
variables. Data were analysed using both descriptive and
analytic statistics. The study sample was subdivided
according to different demographic factors. Adjusted
means and SEs were used to describe the distribution of
continuous variables after adjusting for complex sam-
pling and covariates including age, sex and urbanisation.
Age was adjusted as a continuous variable, and urbanisa-
tion as a categorical variable. Linear mixed-effect
models using unstructured (UN) covariance patterns
were used to calculate adjusted mean values of total
dietary cholesterol, individual cholesterol intake from
specific foods and the proportions of participants with
more than 300 mg of cholesterol intake daily, and to
examine the temporal trends after adjusting for intra-
class correlation within clusters and covariates including
age, sex and urbanisation. All statistical analyses were
performed using SAS V.9.1 software (SAS Institute, Cary,
North Carolina, USA).
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RESULTS

Subject demographic characteristics

This study focused on the adult population aged
18-59 years and the sample size was 7410 in 1991, 7399
in 1993, 7808 in 1997, 8551 in 2000, 7543 in 2004, 7290
in 2006, 7333 in 2009 and 9282 in 2011, respectively
(table 1). The mean age ranged from 36.6 to 43.7 years,
and a significant increased trend over the survey periods
was observed (p<0.0001), although the differences
between consecutive two survey years were mild. Slightly
more than half (50.7-53.1%) of the participants were
female in the eight survey years. In terms of urbanisa-
tion, the scores of low, medium and high urbanisation
progressively increased across the survey years
(p<0.0001), which indicated that dramatic urbanisation
occurred in the past 20 years in China.

Trends in daily cholesterol intake level by age, sex and
urbanisation

During the 20-year period from 1991 to 2011, the average
dietary cholesterol intake increased from 165.8 to
266.3 mg/day in Chinese adults (table 2). Furthermore,
Chinese adults in different age (18-39 and 40-59 years),
sex and urbanisation groups steadily consumed more
cholesterol over time (p<0.0001). The mean cholesterol
intake per day increased by 97.9 and 101.8 mg/day from
1991 to 2011 in two age groups, respectively. Similar
increments were found in male and female groups. It is
worth noting that the increase in daily cholesterol intake
(112.1 mg/day) between 1991 and 2011 in adults from a
low urbanisation area was considerable, which accounted
for 109% of the intake level in 1991. Although the smal-
lest absolute and relative changes (71.2 mg/day and
29.5%, respectively) over the survey period were observed
in adults living in a high urbanisation area, the daily chol-
esterol intake was highest in each survey year.

Trends in food sources of daily cholesterol intake by age,
sex and urbanisation

We further investigated food sources of daily cholesterol
intake by age, sex and urbanisation in Chinese adults
from 1991 to 2011, and representative data in 1991,
2000 and 2011 were shown in tables 3-5.

In both age groups, daily cholesterol intake levels
from the majority of food items showed increasing
trends over time (p<0.0001), except for animal fat and
organ meats (table 3). Moreover, eggs, pork, fish and
shellfish in that order remained the top three sources of
dietary cholesterol in 1991, 2000 and 2011, cumulatively
supplying 80.4-88.3%  cholesterol/day. Cholesterol
intakes from milks were negligible in each survey year,
approximately accounting for 1.0% of total dietary chol-
esterol. Cholesterol amounts from animal fat were more
than 10.0 mg/day in 1991, which ranked fourth in all
food sources, but declined in 2000 and became slight in
2011. In particular, the quantity of cholesterol from beef
was 4.1 mg/day in 1991 and increased to 12.1 mg/day in
2011, which rose to the fourth food source in 2000 and
2011, in adults aged 18-39 years. Conversely, poultry was
the fourth major source of daily cholesterol intake in
2000 and 2011 in adults aged 40-59 years.

Likewise, daily cholesterol intakes from major food
items showed increasing trends over time (p<0.0001),
whereas those from animal fat and organ meats dis-
played decreasing trends (p<0.0001) in male and female
adults (table 4). The most significant food sources were
eggs, pork, fish and shellfish in that order in each survey
year, from which the cumulative proportion of choles-
terol ranged from 81.7% to 87.4% daily. The insignifi-
cant food source of cholesterol was milks during the
study periods, which provided 2.2-2.8 and 2.8-3.7 mg/
day cholesterol in males and females, respectively.
Animal fat was the main source and ranked fourth in all

Table 1 Demographic characteristics of participants in each survey year
1991 1993 1997 2000 2004 2006 2009 2011
Number of participants 7410 7399 7808 8551 7543 7290 7333 9282
Age (years)*
Mean 36.6 36.9 38.0 39.2 4.7 427 43.0 43.7
SE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Gender (%)
Male 47.2 48.1 49.3 49.2 47.9 47.9 48.3 46.9
Female 52.8 51.9 50.7 50.8 52.1 52.1 51.7 53.1
Urbanisation (score)
Low*
Mean 28.4 29.4 31.3 37.9 39.5 41.0 45.5 49.8
SE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Medium*
Mean 45.8 47.0 51.6 56.5 60.0 63.3 65.3 76.3
SE 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.1
High*
Mean 65.1 66.8 73.4 79.7 85.3 87.5 89.6 93.6
SE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
*Significant trend across the survey years (p<0.0001; test for trend).
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Table 2 Daily cholesterol intake (mg/day) by age, sex and urbanisation among Chinese adults younger than 60 years from 1991 to 2011**

1991 1993 1997 2000 2004 2006 2009 2011
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE AD% RC, %§
All 165.8 133 1706 132 2137 133 2304 133 2418 133 260.3 132 2654 133 266.3 133 100.5 60.6

Age group (years)
18-39 165.6 129 1704 129 2119 129 2297 134 2369 129 2583 132 2589 130 2635 134 97.9 59.1
40-59 1674 136 1715 136 2179 135 231.1 128 2438 134 260.8 128 2668 134 2692 13.0 101.8 60.8
Sex
Male 1782 132 1833 132 2222 131 2384 131 2508 131 2745 130 2762 131 2767 13.1 98.5 55.3
Female 1579 129 1615 129 2096 129 2248 129 2334 129 2454 127 2530 129 2549 129 97.0 61.4
Urbanisation

$$9929y uadp

Low 1028 163 1055 163 1220 163 1595 163 170.7 16.3 199.1 162 209.7 163 2149 163 1121 109.0
Medium 1682 165 1715 165 2226 165 2350 164 2482 165 2648 162 2696 165 2716 164 1034 61.5
High 2413 157 2545 157 2847 156 3014 155 3029 155 3045 154 3098 156 3125 155 71.2 29.5

*Significant trend in each subgroup across the survey years (p<0.0001; test for trend).
TValues adjusted for age, sex and urbanisation.

FAbsolute difference (AD) between 1991 and 2011.

§Relative change (RC) between 1991 and 2011.

Table 3 Food sources of daily cholesterol intake (mg/day) by age among Chinese adults younger than 60 years from 1991 to 2011*t

1991 2000 2011
Mean SE Rank Total, % Cumulative,% Mean SE Rank Total, % Cumulative,% Mean SE Rank Total, % Cumulative, %

Age group (18-39)

Eggs 719 144 1 43.4 43.4 1229 145 A1 53.5 53.5 1415 145 A1 53.7 53.7
Pork 44.8 6.0 2 271 70.5 519 6.0 2 22.6 76.1 573 6.0 2 21.8 75.5
Fish and shellfish 16.4 36 3 9.9 80.4 192 36 3 8.4 84.5 220 36 3 8.3 83.8
Animal fat 12.0 24 4 7.2 87.6 82 24 5 3.6 88.1 34 23 7 1.3 86.1
Organ meats 8.8 16 5 5.3 92.9 77 16 6 3.3 91.5 64 1.1 6 24 87.5
Poultry 4.3 1.0 6 2.6 95.5 65 1.0 7 2.8 94.3 83 1.0 5 3.2 90.7
Beef 41 16 7 25 98.0 84 16 4 3.7 98.0 12.1 1.6 4 4.6 95.3
Milks 2.1 09 8 1.3 99.3 23 09 8 1.0 98.9 32 09 8 1.2 96.5
Age group (40-59)
Eggs 777 139 1 46.4 46.4 128.0 13.8 1 55.4 55.4 155.7 13.7 1 57.8 57.8
Pork 44.7 6.2 2 26.7 731 509 62 2 22.0 77.4 568 6.2 2 21.1 78.9
Fish and shellfish 16.6 45 3 9.9 83.0 21.0 45 3 9.1 86.5 254 45 3 9.4 88.3
Animal fat 10.3 22 4 6.2 89.2 68 22 6 29 89.4 2.1 22 8 0.8 89.1
Organ meats 7.6 12 5 45 93.7 73 11 5 3.2 92.6 62 16 5 2.3 91.4
Poultry 3.6 16 6 22 95.9 79 16 4 3.4 96.0 90 16 4 3.4 94.8
Beef 3.4 1.0 7 2.0 97.9 55 09 7 24 98.4 55 09 6 2.0 96.8
Milks 2.7 1.0 8 1.6 99.5 28 1.0 8 1.2 99.6 32 09 7 1.2 98.0
*Significant trend in each subgroup across the survey years (p<0.0001; test for trend).
1Values adjusted for age, sex and urbanisation. @)
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Table 5 Food sources of daily cholesterol intake (mg/day) by urbanisation among Chinese adults younger than 60 years from 1991 to 2011*t

1991 2000 2011
Mean SE Rank Total, % Cumulative,% Mean SE Rank Total, % Cumulative,% Mean SE Rank Total, % Cumulative, %

Low urbanisation

Eggs 416 142 A1 40.5 40.5 90.1 142 1 56.5 56.5 130.1 141 1 60.5 60.5
Pork 356 79 2 34.6 75.1 405 7.8 2 254 81.9 491 79 2 22.9 83.4
Fish and shellfish 98 3.0 3 9.5 84.6 123 3.0 3 7.7 89.6 156 3.0 3 7.3 90.7
Animal fat 76 36 4 7.4 92.0 6.6 36 4 4.1 93.7 36 36 5 1.7 92.4
Organ meats 36 1.0 5 3.5 95.5 34 10 6 21 95.8 36 1.0 6 1.6 94.0
Poultry 27 18 6 2.6 98.1 43 13 5 2.7 98.5 51 13 4 24 96.4
Beef 1.0 07 7 1.0 99.1 17 07 7 1.1 99.6 31 07 7 1.4 97.8
Milks 02 02 8 0.2 99.3 02 02 8 0.1 99.7 04 02 8 0.2 98.0
Medium urbanisation
Eggs 759 136 1 46.3 43.6 120.5 135 1 51.3 51.3 151.4 13.6 1 55.7 53.7
Pork 475 7.8 2 271 73.4 589 7.7 2 25.1 76.4 626 7.8 2 23.1 78.8
Fish and shellfish  156.1 46 3 9.0 82.4 186 4.6 3 7.9 84.3 220 46 3 8.1 86.9
Animal fat 119 26 4 7.1 89.5 93 26 4 4.0 88.3 35 25 7 1.3 88.2
Organ meats 69 15 5 4.1 93.6 8.1 15 5 3.4 91.7 6.7 15 6 25 90.7
Poultry 34 13 7 2.0 95.6 72 18 6 3.1 94.8 93 18 4 3.4 941
Beef 47 13 6 2.8 98.4 61 13 7 2.6 97.4 76 12 5 2.8 96.9
Milks 14 0.7 8 0.8 99.2 15 0.7 8 0.6 98.0 25 07 8 0.9 97.8
High urbanisation
Eggs 1191 178 1 49.4 494 156.1 17.7 1 51.8 51.8 164.0 176 1 52.5 52.5
Pork 617 64 2 25.6 75.0 65.7 6.3 2 21.8 73.6 666 6.3 2 21.3 73.8
Fish and shellfish 18.6 4.7 3 7.7 82.7 253 47 3 8.4 82.0 296 47 3 9.5 83.3
Animal fat 120 23 5 5.0 87.7 75 23 7 25 84.5 21 23 8 0.7 84.0
Organ meats 142 21 4 5.9 93.6 128 21 5 4.2 88.7 78 35 6 25 86.5
Poultry 62 22 6 2.6 96.2 146 22 4 4.8 93.5 151 22 4 4.8 91.3
Beef 50 13 7 2.0 98.2 102 13 6 34 96.9 106 13 5 34 94.7
Milks 37 11 8 1.5 99.7 42 11 8 1.4 98.3 6.1 11 7 1.9 96.6

*Significant trend in each subgroup across the survey years (p<0.0001; test for trend).
tValues adjusted for age, sex and urbanisation.
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foods in 1991; however, it acted as an unimportant food
source of cholesterol in 2011. In contrast, daily choles-
terol intakes from poultry increased from 4.4 and
3.6 mg/day in 1991 to 11.4 and 9.2 mg/day in 2011 in
males and females, respectively, which ranked fourth in
2000 and 2011.

In the stratified analysis by urbanisation (table 5), daily
cholesterol intakes from major food items also showed
increasing trends over time (p<0.0001), whereas the
trends in those from animal fat and organ meats were
opposite (p<0.0001), especially the quantity of choles-
terol from animal fat which dropped from 7.6, 11.9 and
12.0 mg/day in 1991 to 3.6, 3.5 and 2.1 mg/day in 2011
for adults from low, medium and high urbanisation areas,
respectively. The top three food sources of daily choles-
terol intake were eggs, pork, fish and shellfish in that
order in any urbanised area in each survey year. Poultry
was a key source of daily cholesterol in 2011 in low,
medium and high urbanisation areas, although it sup-
plied lower cholesterol in 1991. Interestingly, the quantity
of cholesterol daily from beef and milks were most
inappreciable in adults from a low urbanisation area
across the survey years, while the most insignificant food
source of cholesterol was milks in medium and high
urbanisation areas across the survey years.

Trends in proportions of subjects with excessive

cholesterol intake daily

The proportions of Chinese adults who consumed more
than 300 mg/day cholesterol increased from 14.9% in

A 50 -
40 - 4.3 34.6
30,6 319 34.3
+ 30 1
§ 4 32.8 335
1
Q 20 {152 164
10 {14.5 157 —o— 18-39
—a— 40+
0 —
1991 1993 1997 2000 2004 2006 2009 2011
c 50 -

430 44.2 44.9 451
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Percent

20 1 _
m--" o9 . — Low
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0 T T T T T T T )
1991 1993 1997 2000 2004 2006 2009 2011

Figure 1

1991 to 34.2% in 2011 (figure 1). Furthermore, the
increasing trends in proportions of adults with more
than 300 mg/day cholesterol intake in different age
(18-39 and 40-59 years), sex and urbanisation groups
across the survey years were significant (p<0.0001). The
most striking proportions were observed in adults of the
high urbanisation area, which was 28.8% in 1991 and
increased to 45.1% in 2011.

DISCUSSION

Mounting evidence identified that cardiovascular disease
is the leading cause of death, and dietary cholesterol is
one of the key risk factors for cardiovascular disease by
altering plasma cholesterol.'® Thus, monitoring dietary
cholesterol intake status is informative for prediction of
dietary habits, compliance with nutritional recommenda-
tions, cardiovascular disease and other chronic diseases.
However, the related longitudinal studies using large
samples in China are scarce. This study evaluated the
changes in the amount of daily cholesterol intake and
identified food sources of dietary cholesterol in Chinese
adults during the 20-year period (1991-2011) by using
the data from the CHNS cohort, which includes nine
waves and reflects the changes in demographics, eco-
nomics, nutrition and health in China in the past few
decades. Although mean dietary cholesterol consump-
tion was stable in adults worldwide between 1990 and
2010 (global change +7 mg/day (-1 to 15)),"” our find-
ings showed a 1.6-fold difference in mean daily choles-
terol intake in Chinese adults from 1991 (165.8 mg/day)

B 50 1
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Secular trends in the proportion of Chinese adults having more than 300 mg/day cholesterol intake in the different age

(A), sex (B) and urbanisation (C) groups, as well as total adults (D), China Health and Nutrition Survey 1991-2011.
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to 2011 (266.3 mg/day). Moreover, mean cholesterol
intake in Chinese adults in 2000 (230.4 mg/day) and
later survey years remained higher than the mean global
consumption (228 mg/day) in 2010 for adults."”
Participants in different age, sex and urbanisation
groups steadily consumed more cholesterol over time.
As a result, the increasing trends in the proportion of
participants who consumed more than 300 mg/day chol-
esterol across the survey years were significant. The
leading sources of cholesterol were eggs, pork, fish and
shellfish in that order; conversely, cholesterol from milks
remained negligible, whereas poultry was gradually
becoming a major contributor. All these results indi-
cated that Chinese adults consumed increasingly high
cholesterol mainly from eggs, pork, fish and shellfish,
and deviated from dietary reference intakes.

In Europe, the reported daily cholesterol intakes of
Spanish adults in 2001 (440.87 and 359.14 mg for men
and women, respectively) were higher than those indi-
cated in the nutritional objectives for the Spanish popu-
lation (<300 mg/day).'® Similar amounts of cholesterol
were also found in Greece.'? During the past 20 years,
China has experienced remarkable socioeconomic
development, with the mean income rising by several
folds. The average amount of daily cholesterol intake in
Chinese healthy adults was 430.7 mg in a survey con-
ducted in a highly urbanised district of Tianjin from
2010 to 2011.*° This report indicated that the lifestyle of
people in the developed areas has changed dramatically.
The nutrition-related lifestyle has led to increased
intakes of cholesterol and other nutrients. Another
regional study in Guangxi, province of China, found
that the mean dietary cholesterol was 199.2 mg/day
in Han Chinese,m highly less than that in Tianjin,%
which implied regional differences exist in China. Very
few data on the changes in cholesterol intake over the
past few decades were available. Our study conducted a
comprehensive and longitudinal survey of daily choles-
terol intake in Chinese adults covering a wide variety of
nine provinces and autonomous regions from northern
to southern parts of China between 1991 and 2011,
which was a nationally representative sample. Although
the mean daily cholesterol intake levels of participants
from different age (18-39 and 40-59 years) and sex
groups in each survey year were less than the recom-
mended level (300 mg/day), these values steadily
increased by about 100 mg/day from 1991 to 2011.
Compared to the Nutrition and Health Survey in
Taiwan 1993-1996 to 2005-2008,'" where the mean
cholesterol intake in men aged 19-30 years exceeded
400 mg and that of men aged 31-64 years was about
300 mg, while the intake of cholesterol in women aged
31-64 years was less than 300 mg in the 1993-1996
survey, in the 2005-2008 survey, the mean cholesterol
intake of men aged both 19-30 and 31-64 years
exceeded 400 mg and that of women was about
300 mg; moreover, about 80% of men and 45% of

women had daily intakes of cholesterol greater than
400 mg. This study in China showed that cholesterol
intake levels between young and old adults were almost
comparable across the survey years, whereas, similar to
the Taiwanese study, females most likely consumed less
cholesterol than males, suggesting different dietary
habits and lifestyles between men and women. In add-
ition, our data displayed that adults residing in a high
urbanisation area had extremely high cholesterol
intake over time, which was greater than 300 mg/day
from 2000, and there was the most significant incre-
ment in cholesterol intake in a low urbanised area from
1991 to 2011, indicating diverse food choices and afflu-
ent living in a high urbanised area, and enormous
influences of socioeconomic transitions on dietary
behaviours in a low urbanised area. As a whole, the
mean daily cholesterol intake in Chinese adults was
lower than that in Taiwanese adults during correspond-
ing periods.'” For these differences, demographic, eco-
nomic and dietary characteristics may play a role.
However, issues of concern remained in China; the pro-
portions of deviation from cholesterol reference intake
significantly increased over time, with around 37.2%
males and 31.3% females having a daily cholesterol
intake of more than 300 mg in 2011.

In terms of food sources of cholesterol among
Chinese adults from 1991 to 2011, the highest ranking
sources remained eggs, pork, fish and shellfish in each
subgroup. These top three food items increasingly sup-
plied cholesterol during 1991-2011 and contributed
more than 80% of the total cholesterol together. These
findings were consistent with the main cholesterol
sources for adults in Taiwan,10 possibly due to the
similar eating habits between the Chinese and
Taiwanese. Different from the observations among US
adults from the 1989-1991 to 1994-1996 Continuing
Survey of Food Intakes by Individuals,” there were
remarkable changes between surveys in food sources
identified for cholesterol in Chinese adults from 1991 to
2011. Cholesterol supplied by animal fat declined and
was insignificant in 2011 in most of the subgroups
(except for low urbanised regions), whereas cholesterol
being of poultry origin increased and was considerable
in 2011. The plausible explanation was that some posi-
tive dietary and behavioural changes have appeared,
along with the dramatic increase in the availability of
new food choices in recent times. When consuming
meat products, people are encouraged to select lean or
low-fat meat and poultry, and avoid the products made
from animal fats.”® From a comparison of the food
group distribution for cholesterol in this study (1991-
2011) to that in other Asian countries, such as Korea
(2000)** and Japan (1994),* and the USA (2003-
2006),26 several interesting features were observed,
including that the three top food sources in Chinese
adults were quite similar to that in Koreans aged
30-85 years; in contrast to Chinese and US adults, milk
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was a major contributor in middle-aged Japanese as well
as Koreans; distinct from China and Korea, pork was a
negligible source in Japan and the USA, where pork
was mostly replaced with various fish/shellfish and
poultry/beef, respectively; poultry gradually became a
main source over time in China but was insignificant in
Japan and Korea; similar to Koreans, beef became an
important source in young Chinese adults in 2000 and
2011; eggs ranked first as a source of cholesterol in each
country; almost half of the total cholesterol intake was
derived from eggs in Chinese adults in our study; and
organ meats were a unique source of cholesterol in
China. Taken together, these differences may be attribut-
able to geographic location, food supply, dietary habits
and economic levels.

The study is not without limits. As with all studies
based on dietary survey, the accuracy of the intake esti-
mates was limited by the accuracy of recalls provided by
survey participants and the specificity to which the
reported foods were mapped in the dietary recall
records. In addition, food grouping can have a major
influence on the ranked order of dietary sources; thus,
caution is advised when comparing these data with previ-
ous reports,24—26 if there were differences in the level of
aggregation (such as the number of food groups) or dis-
aggregation procedures used to include ingredients in
food groups.

CONCLUSIONS

In conclusion, the amounts of daily cholesterol intake
in Chinese adults steadily increased from 1991 to 2011,
as did the proportion of participants with a greater
cholesterol intake than 300 mg/day. Adults need to pay
attention to the intake in the food groups of eggs,
pork, fish and shellfish and ensure that it is appropri-
ate. On the basis of all these findings, we recommend
strengthening public nutrition education by developing
leaflets, posters and slides. As the eating behaviour and
dietary patterns may change, the governments and
nutrition societies should keep revising dietary guide-
lines and daily food guides to encourage population
health.
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