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Abstract: Little is known about the macronutrient intake status of older Chinese people. The
present study describes macronutrient intake, examines whether older Chinese people (aged>60) are
meeting Dietary Reference Intakes (DRIs), and explores associations between macronutrient intake
and age groups, gender, education levels, work status, BMI, urbanicity, and four Chinese
socioeconomic regions (Northeast, East Coast, Central and West). Dietary data from the
Longitudinal China Health and Nutrition Survey (2009 wave) have been analysed in four diverse
regions, for 2,746 older Chinese with completed dietary data. Dietary data were obtained by
interviews using 24 hour-recalls over three consecutive days. Monounsaturated and saturated fatty
acids ratio (MUFA/SFA) were calculated based on the China Food Composition Table. We found
less than one third of the older people met the adequate intake (Al) for carbohydrate and fat-energy
intake; less than one fifth met the recommended nutrient intake (RNI) for protein-energy intake;
and more than half of older people had a higher fat-energy intake than DRIs. There were strong
associations between three macronutrient-energy intakes and education levels, urbanicity level, and
four socioeconomic regions, with older people living in East Coast having different patterns of
macronutrient-energy intake compared to the other three regions. Macronutrient intake across
different urbanicity levels in the four regions suggests considerable geographical variations in
dietary patterns, which will impact on risk factors for Non-Communicable Diseases (NCDs).
Clinical interventions and public health policies should recognise these regional differences in diet.

Introduction

China’s population is ageing rapidly. In the 2011 census, people aged over 60 accounted for 13.3%
of the population, up nearly 3% since 2000. China already has about 102 million people aged 60
years or over, more than one-fifth of the world’s older population. The proportion of the population
in these older age groups is estimated to increase quickly during the period 2000- 2035, with a
predicted one in four people aged 60 years and over in 2035 . Changes to the age structure in
China may have many and various impacts, one of which is increasing prevalence of Non-

Communicable Diseases (NCDs) 2 |

Diet plays an important role in preventing NCDs, including cardiovascular disease, type 2
diabetes, metabolic syndrome and cancer ¢, and the associations between macronutrient
(carbohydrate, protein, and fat) intake and NCDs have been well documented ¢*%. For example,
evidence has shown carbohydrate intake can influence the development of type 2 diabetes through
the effect on blood glucose and insulin concentration © ”). In addition, compared with a low-fat diet
(10-15% of total calories), a low carbohydrate diet (limited to 30-130 g/daily) can improve glucose
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control, insulin response, atherogenic dyslipidaemia, and reduce other cardiovascular risk factors ©
19 systematic review and meta-analysis of data from 111 articles reporting on 74 randomised
controlled trials shows that a higher-protein diet (>30% of energy input) can potentially improve
adiposity, blood pressure and triglyceride, compared with a low-protein meal (<15% energy) ©. A
low-fat diet, particularly low in saturated fat, has been shown to have a positive role in preventing
cardiovascular diseases © V) although reduction in saturated fat intake must be evaluated in the

context of replacement by other macronutrients 2.

In China, the nutrition and epidemiologic transitions have begun and are proceeding at an
extremely accelerated rate. Nutrition changes are linked with epidemiological transitions and the
increased burden of NCDs, including rapid increase in overweight, obesity and NCDs 2. While
the importance of macronutrient intake for NCDs risk is well established, population surveys of diet
and nutrition often do not include people aged 60 or over “**®, and so few studies evaluate
macronutrient intake among older Chinese people. Therefore, it is important to evaluate the current
macronutrient intake for older Chinese people. It is also important to evaluate differences in intake
by region, urbanicity and sociodemographic characteristics, as health outcomes such as NCDs (e.g.
obesity) may be influenced by living in different urbanicity levels, and socioeconomic differences
between regions ¢*®. More detailed contextual evidence may help to inform regional health
policies and planning. The present study aimed to compare macronutrient intake against the DRIs
@9 for older Chinese, and to evaluate the associations between macronutrient intake for men and
women, in two age groups (60-69, 70 or over), with BMI, education levels, work status, urbanicity

and four socioeconomic regions (Northeast, East Coast, Central and West).

Methods
Study design

The China Health and Nutrition Survey (CHNS) is an ongoing open cohort survey. It is an
international collaborative project between the Carolina Population Centre at the University of
North Carolina at Chapel Hill and the National Institute of Nutrition and Food Safety at the Chinese
Center for Disease Control and Prevention . Survey protocols, instruments, and the process for
obtaining informed consent for CHNS were approved by the institutional review committees of the
University of North Carolina at Chapel Hill and the National Institute of Nutrition and Food Safety,

China Centre for Disease Control and Prevention. All participants have given their written informed
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consent Y. Also, using CHNS data has been approved by the University of Newcastle, Australia
(Approval Number: H-2013-0360).

The first round of the CHNS, including household, community, and health/family planning facility
data, was collected in 1989. Seven additional surveys or rounds were collected in 1991, 1993, 1997,
2000, 2004, 2006 and 2009 @) In the present study, we utilised data from the CHNS 2009 survey.
The total number of participants was 2,746 persons aged 60 years or over with completed dietary
data. The survey has been described in detail elsewhere ?*?? | and has been used to describe the
nutrition transformation** 2, chronic health conditions®”, and the trends in prevalence and
incidence of chronic conditions > %, A brief description of sample procedures and measures is

provided below.

Sample procedure and four regions division

The survey uses a multistage, random cluster process to draw a sample of about 4400 households,
with a total of 26,000 individuals in nine provinces. These nine provinces vary substantially in
geography, economic development and health indicators. A multistage random-cluster sampling
process was used to select the sample surveyed in each of the provinces. Counties in the nine
provinces were stratified by different income levels (low, middle and high), and a weighted
sampling scheme was used to randomly select four counties in each province. The provincial capital
(or big city) and a lower income city were selected. Two urban neighborhoods and two suburban
neighborhoods within the cities, and one county capital town and three villages within the counties
were subsequently randomly selected. Finally, twenty households were randomly selected within

each neighborhood. All individuals in each household were interviewed in CHNS @9 .

China is a developing country with a vast territory. Different regions have different geographical,
economic, cultural and social circumstances. Based on level of economic development, China can
be divided into four major regions (East Coast, Central China, Northeast China, and Western
China). The purpose for dividing China into four regions is to improve regional coordination and
interaction mechanisms so as to form a proper regional development pattern . In the CHNS, nine
provinces (Figure 1) are distributed in these four regions, i.e. Northeast China (Heilongjiang,
Liaoning); East Coast (Shandong, Jiangsu); Central China (Hennan, Hubei, Hunan); West China
(Gunagxi, Guizhou). Thus, the survey covers all levels of socioeconomic development in China

(Figure 1). As socioeconomic factors have a potential impact on the nutritional status, dietary
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patterns and prevalence of NCDs ™ 2229 this present study divided China into the four major
regions for further analysis.

Dietary data collection

In the CHNS, dietary assessment is a combination of three consecutive 24 hour-recalls at the
individual level and a food inventory at the household level carried out over the same three day
period ©. Household food consumption was determined using a weighing technique. All foods
(including edible oils) remaining after the last meal before initiation of the survey were weighed
and recorded. During the three survey days, whenever food were brought into the household unit,
they were weighed. When weighing was not possible, preparation waste was estimated. All

remaining foods were weighed and recorded again at the end of this survey .

Individual dietary recall data from every household member was collected over three consecutive
days that were randomly allocated. Individual dietary intake data were collected by asking each
household member (expect children aged younger than 12) to report all food consumed whether at
home or away from home, over the previous 24 hours. Using food models and picture aids, trained
field interviewers recorded the types and amounts of foods, type of meal and place of consumption
of all food items during the previous day . The amount of each dish was estimated from the
household inventory and the proportion of each dish consumed was reported by each person

interviewed GV,

The quality of the data collection was checked by comparing individual dietary intake based on 24
hour recall data and an individual’s average daily dietary intake calculated from the household
survey. If there were significant differences, the household and individual questions were revisited,
and their food consumption questioned further to resolve these discrepancies. Overall, over 99% of
the sample was available for the full three days of data collection; only in a few cases did
participants miss a day because of absence. Moreover, data quality control was ensured by a high
standard of training of the field interviewers, who were trained for at least three days in the
collection of dietary data ®®. Initial data cleaning have been done by CHNS, which include deletion

of duplicate records, deletion of blank recodes and recoding out-range value to missing status .

Calculation from the Chinese Food Composition Table (FCT)
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The mean daily energy intake (kcal), carbohydrate intake (g), fat intake (g) and protein intake (g)
were provided by the dietary data in CHNS, which were calculated from the China Food
Composition Table ®?. The energy value of a food is the sum of all energy-producing nutrients, i.e.,
carbohydrate, protein and fat (not including alcohol), multiplied by the corresponding energy
conversion factor (1 gram= 4 kcal for carbohydrates; 1 gram = 4 kcal for protein and 1g 9 kcal for
fat). As kilojoules (kJ) is more common used in the nutrition researches, we conversed kcal to kJ for
further calculation (1 kcal= 4.18 kJ) ©2.

We also calculated the monounsaturated fatty acids (MUFA) to saturated fatty acids (SFA) ratio
based on the China Food Composition Table (FCT). MUFA and SFA value from each food is
available in the FCT 2. Individual daily intake value for each food item was provided by the
dietary data ®¥. Average daily monounsaturated and saturated fat intakes for each individual have
been calculated using 24 hour recall data in conjunction with China FCT. Previous evidence has
shown that the Mediterranean diet can reduce the risk of NCDs and certain cancers ¢* 39, with
MUFA/SFA >1.6 being one component of adherence to Mediterranean diet. We therefore used
MUFA/SFA >1.6 as the cut-off point to evaluate whether people had a high MUFA/SFA ratio.

Chinese DRIs standard

Chinese DRIs have been used as a standard to provide the dietary recommended intake for
Chinese people %, According to the DRIs for Chinese residents, the Adequate Intake (Al) of
carbohydrate should account for 55% to 65% of total energy (carbohydrate-energy percentage);
Recommended Nutrient Intake (RNI) of protein should account for 15% of total energy (protein-
energy percentage); and Adequate Intake (Al) of fat should account for 20% to 30% of total energy
(fat-energy percentage). To estimate whether people meet with macronutrient intake
recommendations, we used the DRIs cut point method (Al for carbohydrate and fat, RNI for protein
intake).

Other variables

Height and weight were measured directly, based on a standard protocol recommended by the
WHO, by trained health workers. Weight in lightweight clothing was measured to the nearest 0.01
kg on a calibrated beam scale and height was measured to the nearest 0.1 cm without shoes with a

portable stadiometer ®®. BMI were calculated by using formula ©®: the weight in kilograms/(the
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height in meters)?, and divided into four categorical levels based on the WHO suggestion for
Chinese, which are underweight: BM1<18.5 kg m?; normal: BMI:18.5-23.9 kg m%; overweight:
BMI 24.0-27.9 kg m™?; general obesity: BMI > 28.0 kg m 2 ®®, Education level was recoded into
four categories based on six education categories in the questionnaire: illiteracy; low: primary
school; medium: lower middle school; and high: upper middle school, technical school and
college/university. Work status was divided into two levels by the answer to the question “Are you
presently working?” We used the urbanicity index instead of urban/rural measurement, because that
urban/rural measurement is only based on an absolute threshold of population and/or population
density S Urbanicity is defined by a multidimensional 12-component urbanization index, which
captures population density, physical, social, cultural and economic environment, which has been
explained in previous studies ¢”*®. Tertiles of the urbanization index were used to define low,

medium and high urbanicity in the present study.

Statistical analysis

The statistical/data analysis package STATA/SE 13.1 (STATA, StataCorp, USA) was used for data
analysis. Mean and standard deviation (SD) were used to evaluate average total macronutrient
intake, with SD used to evaluate the data distribution. Margin plots were used to show
macronutrient-energy intake in three levels of urbanicity across four Chinese regions. Chi-square
was used to assess the association between different levels (below, meeting and above
recommendations) of DRIs for macronutrient intake by age groups, gender, education levels, work
status, BMI, urbanicity levels and by four Chinese regions. ANOVAs were used to assess whether
any difference existed between relative macronutrient intakes and these predictor factors. Univariate
and multivariable linear regression models were used to explore the association between

macronutrients and these predictor factors.

Results

The CHNS (2009) data contained information for 2,746 (men n= 1300; women = 1446)
participants aged 60 years or over. Of these participants, 57% (n = 1564) of participants were aged
60-69 and 43% (n = 1182) were aged 70 or above. The total number of participants in the
Northeast, East Central, Central and West regions were 485 (17.7%), 674 (24.5%), 862 (31.4%) and
725 (26.4%), respectively.
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Table 1 presents the Mean and Standard Deviation (SD) for total energy, macronutrient intake
(carbohydrate, protein and fat), energy from macronutrient (%), and MUFA/SFA ratio for the
participants, classified by age groups, gender, urbanicity levels, BMI levels, education levels, work

status and four regions.

Total energy, carbohydrate, protein, fat intake, and MUFA/SFA ratio

In general, older people who were aged 60-69, had a higher total energy and macronutrient intake
than those in the 70 or above age group. Males had a higher total energy and macronutrient intake

than women (Table 1).

As shown in Table 1, for total energy and carbohydrate intakes, people living in low urbanicity
areas had higher total energy and carbohydrate intakes than those in high and medium urbanicity
areas. People in the East Coast region had the highest energy intake, while people in the West China
region had the lowest total energy and carbohydrate intake. People with higher BMI level, had
lower total carbohydrate intakes. People with low and medium education had higher carbohydrate
intake than those with illiteracy and high education level. Older people with a job had higher total
carbohydrate and protein intake, but did not have higher total fat intake (Table 1).

Compared with energy and carbohydrate intakes, there was an inconsistent picture for total protein
and fat intakes. Older people in high urbanicity areas had higher total protein and fat intake than
people in low and medium urbanicity areas. Lowest total protein and fat intake levels were found in
West China, while highest protein and fat intake levels were found in the East Coast region. People
with higher BMI levels, had higher total fat intakes. Highest total protein and fat intakes were found

for older people with medium education level (Table 1).

MUFA/SFA ratios tend to be stable across four regions, with the range from 1.3 to 1.5 (Northeast:
1.4; East Coast: 1.4, Central: 1.3, and West: 1.5, respectively). As we used MUFA/SFA >1.6 as a
standard, the average MUFA/SFA ratios were lower than our standard. Only one fifth of older

people had a higher monounsaturated and saturated fat ratio (>1.6) across four Chinese regions.

Energy from carbohydrate, protein and fat (relative carbohydrate, protein and fat, %)

As shown in Table 1, among older Chinese people, there are large variations in relative

carbohydrate, protein and fat intakes across different urbanicity levels, and across the four regions.
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For relative carbohydrate intake, people in low urbanicity areas had a higher intake than people in
medium and high urbanicity areas; people in West China had the highest intake, and people in the
East Coast region had the lowest intake. Compared with relative carbohydrate intake, there was an
opposite effect for relative protein and fat intake. In medium and high urbanicity areas, people had a
higher percentage of fat intake compared to people in low urbanicity areas; the highest relative
protein and fat intake was in the East Coast, while lowest fat intake was in the West China region
(Tablel).

As there exists large variation for relative macronutrient intake across urbanicity levels, and across
the four regions of China, it was useful to assess the difference in relative macronutrient intake
between three levels of urbanicity within the four regions (Figure 2). After conducting margin plots
(with 95% CI), we found that in high urbanicity areas of the East Coast, people had the lowest
relative carbohydrate intake (47%, n=297); while older Chinese in low urbanicity areas of West
China had the highest relative carbohydrate intake (62%, n=532). Of the high urbanicity areas in the
four regions, the Northeast had the highest relative carbohydrate intake (55%, n=210).

The average relative protein intake was less than 15% across the urbanicity levels across China
(Table 1). There was not much difference for relative protein intake between different urbanicity
levels across China’s four regions, with intakes ranging from 11%-13%. As for relative fat intake,
people in high urbanicity areas had much higher intakes than those in low and medium urbanicity
areas across three regions (East Coast, Central and West), but not in the Northeast of China. The
biggest difference between different urbanicity levels was in West China, and the smallest
difference was in the Northeast of China (Figure 2).

The percentage of older people meeting DRIs

Figure 3 shows the percentage of older people who met, were below, and were above the DRIs for
relative macronutrients, classified by age groups, gender, BMI, education levels, work status,

urbanicity levels and four regions.

Less than one-third of older Chinese included in the study met the DRIs for relative carbohydrate
and fat intake, and less than one-fifth for relative protein intake. In the four regions, more than four-
fifths of older people had lower relative protein intake, and no older people had higher relative

protein intake. Moreover, more than 50% of older people had higher relative fat intake (Figure 3).
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There were no significant differences between the percentage of older Chinese who met, were
below, or were above the DRIs for relative macronutrients intake with respect to different age
groups (carbohydrate: p=0.6; protein: p=0.65; fat: p=0.41); and gender (carbohydrate: p=0.88;
protein: p=0.66; fat: p=0.08). However, there were significant differences in the levels meeting the
macronutrients percentage (from DRIs) for older Chinese in different urbanicity levels, regions,
BMI, education levels, and work status (p<0.005).

Linear Regression Models

Since differences exist in the relative macronutrient intake across the urbanicity levels, regions,
BMI groups, education levels, and work status, we assessed the association between relative
macronutrients and these predictor factors using linear regression models. Both univariate and
multivariate models analysis have been conducted, and results are presented in Table 2. As
previously shown in Figure 4, total carbohydrate-energy, protein-energy and fat-energy by gender
were normally distributed. As MUFA/SFA ratios tended to be stable by different predictor

variables (Table 1), they were not included for further analysis.

For relative carbohydrate intake, there were no statistically significant differences between age
groups (p=0.28, 95% CI:-1.51, 0.44), and gender (p=0.81, 95% CI: -0.84, 1.09) in the univariate
model. The final multivariable regression model showed the strong relationships that have been
found between relative carbohydrate intake and work status (p<0.001, 95% CI: 2.16, 4.38),
education level (p<0.01), urbanicity levels (p<0.001), and four regions (p<0.001). Compared to
older Chinese who were not working, people undertaking paid work had a 3.3% higher relative
carbohydrate intake (p<0.001, 95% ClI: 2.16, 4.38). Compared with people with illiteracy, people
with low, medium and high education levels had a lower relative carbohydrate intake (p<0.01).
Older Chinese people in low urbanicity areas had an 8.1% higher relative carbohydrate intake than
older people in high urbanicity areas, which was statistically significant (p<0.001). Compared to
older Chinese in the East Coast, people in Northeast, Central and West China had higher relative
carbohydrate intake (4.7%, 3.3% and 5.4% higher, respectively).

No statistically significant differences were found for relative protein intake between gender, BMI,
and age groups (p>0.05). However, there were strong relationships between relative protein intake
and urbanicity levels, education levels, work status, as well as the four regions. Older Chinese
people living in low and medium urbanicity levels had lower relative protein intake than their high

urbanicity counterparts (p<0.001). Compared with people with illiteracy, people with low, medium
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and high education levels had higher relative protein intake. Compared to older Chinese in the East
Coast, older people in Central China or in the Northeast had lower relative protein intake, which
were 0.6% and 0.8% lower. There was only a 0.03% higher intake for older Chinese living in West
China, which was not statistically significant (p=0.84, 95% ClI: -0.29, 0.35).

There were no statistically significant differences for relative fat intake between age groups
(p=0.06, 95% CI: -0.04, 1.92). However, associations were found between the relative fat intake
and gender, BMI, urbanicity levels, work status, education level and four regions. In the final linear
regression model, the relative fat intake of older women was 1.4% higher than that of males (p=0.01,
95% CI: 0.35, 2.35); older people with a job had a lower relative fat intake than those with no job
(p<0.001, 95% CI: -4.97,-2.67); compared with older people with illiteracy, those with low,
medium and high education had higher relative fat intake (1.5%, 3.3% and 2%, respectively); older
people in medium and low urbanicity areas had 6.3% and 3.3% lower relative fat intake than their
high counterparts. Compared to the East Coast of China, there were statistically significant

differences between relative fat intake of older people in the Northeast, Central and West (p<0.01).

In summary, statistically significant differences have been found between relative intakes for three
macronutrients, and education level, urbanicity, and regions. Although BMI had statistically
significant differences for relative carbohydrate and fat intake in the univariate model, difference
were not statistically significant in the final multivariate linear regression model when other
predictor variables were included in the model. Older people with illiteracy in low urbanicity areas
had higher relative carbohydrate intakes but lower relative protein and fat intakes. Compared to
older people in East Coast, people in Northeast, Central and West China had higher relative

carbohydrate intake, but the opposite effect was observed for relative protein and fat intake.

Discussion

Our study shows that few older people met the DRIs for carbohydrate and protein intake, and more
than half of the older people in the study exceeded the recommended fat intake. Moreover, there
were significant differences in the three relative macronutrient intakes according to education level,

urbanicity levels, as well as across the four regions.

Our study demonstrated that the greatest variation of macronutrient intake is seen in the percentage
of people who meet the energy recommendation for carbohydrate and fat; while protein intake has
less variation. The variation in macronutrient intake by urbanicity levels and across four Chinese

socioeconomic regions may be due to economic growth, modernization, urbanization and the
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globalization of agri-food system. These factors can impact on eating habits, and potentially result
in increased prevalence of obesity and NCDs in different Chinese regions % %39, The increasing
number of NCDs will no doubt put a further drain on the health systems and economic cost of

prevention and treatment of NCDs in China “% 4%,

The most interesting finding from our study is for fat intake. More than 50% of older Chinese
people consume a higher relative fat intake than recommended, with women consuming more of
their intake from fat than men. Percentage fat intakes were also greater in higher urbanicity areas
than low and medium urbanicity areas. The monounsaturated to saturated fat ratio was not high,
with only one fifth of older people having a high MUFA/SFA ratio (>1.6). In our study, total fat
intake and total fat-energy was high, and MUFA/SFA ratios tended to be low, which implies that
older people have a higher risk for overweight and obesity, particularly for women, and also those
living in high urbanicity areas. Previous studies have shown that women have a higher prevalence
of overweight and obesity than men, and the prevalence of overweight and obesity is higher in
urban than rural areas across the whole of China *"*%). Also, a recent study from the CHNS,
comparing two provinces in Eastern China and two provinces in Western China, of older people
(aged 60 or over), showed that older people in the eastern regions and in urban areas were more
likely to be overweight or obese, compared with those in western regions and rural areas ®©.
Women have a higher life expectancy and increased risk of obesity and NCDs compared to men in
China “?. Therefore, women may need to spend more on health to maintain a better quality of life.
In addition, diet and exercise interventions are extremely important in preventing obesity and NCDs
(43.49 " Older women, who are living in high urbanicity areas, may benefit from health education,
diet and exercise interventions. Targeted screening for risk factors may also help to reduce the
number of NCDs in China.

Although there are some studies that have been conducted to evaluate nutritional status and
nutrition transition ““**, our study is the first study to assess macronutrient intake for older
Chinese people (aged 60 or above) in three levels of urbanicity across four Chinese regions. From
CHNS, one study examined the trends in dietary energy, fat, carbohydrate and protein intake among
Chinese children and adolescents from 1991 to 2009, which showed that the daily proportion of
energy from protein and fat intake has steadily increased. The proportion of energy from protein
and fat had increased to 13.1% and 30% respectively in 2009. Also the daily carbohydrate intake
and proportion of energy from carbohydrate has steadily declined, with reductions to 254.1 g and

56.8% in 2009 @, In the present study, for older people, energy from carbohydrate, energy from
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protein and energy from fat were 56.1%, 11.9% and 30.6% respectively. We can see that there was
quite a similar macronutrient intake among older people and children in China in 2009.

Our study showed that compared with people with illiteracy, people with medium and high
education levels had lower relative carbohydrate intake, higher relative protein intake, and higher
relative fat intake, which implies that education levels impact on the prevalence of NCDs. Evidence
from previous studies have also shown that there are strong relationships between education levels
and prevalence of NCDs “**"). Whilst macronutrient intake is one of the important factors which
impact on the prevalence of NCDs, education levels can potentially also affect macronutrient intake
and eating habits.

We used CHNS (2009) Survey data to do cross-sectional analysis. Individual, consecutive food
records over three days, in addition to food weighing, were used in the CHNS to assess food and
nutrient intake, which provides a more accurate estimate of individual intake than when only using

24 hour food records. This method has also been used in another study in China “®,

The findings from our study provide important insights into the macronutrient intakes of older
Chinese people. Different macronutrient intake across urbanicity levels in the four regions suggests
that there are considerable variations in dietary patterns, which may impact on the risk factors for
the NCDs. Also, the different intakes across different socioeconomic regions suggest that health
prevention and clinical interventions will need to be tailored towards different regional contexts for
programs to be effective or successful at reducing risk of NCDs. Although alcohol is one of the
macronutrients to provide energy, only one quarter of older Chinese have consumed alcohol in the

past year. Thus, alcohol consumption was not included in this study analysis.

The strengths of this study include the use of individual, consecutive three-day recall methods to
improve the accuracy of recall and hence analysis and results “®. Examination of macronutrient
intake over four diverse socioeconomic regions of China has allowed a more detailed, contextual
analysis to be undertaken for a large sample of older Chinese people, in two age cohorts. Moreover,
use of the urbanicity index helps us to capture details of population density, physical, social,
cultural and economic environment, rather than only an absolute threshold of population and/or
population density based on urban and rural measurement. However, some limitations may apply.
The cross-sectional design does not enable analysis of macronutrient intake transitions over time.
Also, the CHNS does not present national data, therefore the westernmost region of China is
excluded from this study. Although physical activity levels should be considered when comparing

DRIs, the CHNS does not measure physical activity levels among these populations. Therefore, we
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are unable to analyse macronutrient intake based on different physical activity levels. The inclusion
of physical activity data in future nutritional surveys would increase the usefulness of research for
clinical applications. However, these limitations do not affect the significance of the study. In this
study, we have, to a large extent, demonstrated diverse macronutrient intakes among older Chinese

people, which provide important information for preventive health strategies for NCDs.

Conclusion

We used CHNS (2009) survey data to do a cross sectional analysis examining macronutrient
(carbohydrate, protein and fat) intakes in older Chinese people (>=60 years old) in four regions in
China. We found that few people meet the DRIs for carbohydrate, protein and fat intake. Most
people had high fat intake, particularly those in high urbanicity areas. Furthermore, there were
strong associations between macronutrient intake and living in different urbanicity areas, and four
socioeconomic regions. This study provides important evidence that can inform policy makers in
making recommendations on DRIs and prevention of NCDs for older Chinese people. In addition,
the different macronutrient intake associated with different urbanicity areas across the four regions
indicates that there are considerable variations in dietary patterns, which may impact on the
incidence and prevalence of NCDs. Therefore, clinical interventions and health policies for older
people should recognise and be adapted for regional contexts to maximise success.
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Table 1. Mean and Standard Deviation (SD) for total macronutrient, energy from macronutrient (%) and MUFA/SFA ratio of participants
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N Energy Carbohydrate Protein Fat MUFA/SFA Energy from Energy from Energy from fat
(%) (kJ) (o) (o) (o) Carbohydrate protein (%)
(%) (%)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age groups

60-69 1564 (57.0) 9131.5(5274.1) 293.5 (107.2) 64.4 (24.6) 80.7 (121.9) 1.4 (0.5) 56.0 (12.7) 12.3 (3.0) 30.8 (12.7)

70 or above 1182 (43.0) 7847.9 (5567.6) 246.7 (102.3) 54.2 (21.6) 73.3(135.0) 1.4 (0.4) 55.4 (13.2) 12.2 (3.2) 31.8 (13.4)
Gender

Male 1300 (47.3) 9356.2 (5760.7) 297.9 (112.4) 65.5 (24.7) 82.7 (135.7) 1.4 (0.5) 55.7 (12.8) 12.2 (3.0) 30.6 (12.7)

Female 1446 (52.7) 7880.3 (5032.4) 251.3(98.1) 55.2 (22.0) 72.8 (120.0) 1.4 (0.4) 55.8 (12.9) 12.2 (3.1) 31.8(13.2)
Urbanicity

Low 932 (34.0) 8915.2 (4885.8) 311.7 (116.2) 57.8 (22.0) 70.9 (107.5) 1.4 (0.4) 61.3 (12.6) 11.4 (2.6) 26.7 (13.3)

Medium 901 (32.8) 8329.0 (3182.2) 268.1 (100.1) 60.1 (25.1) 72.0 (54.0) 1.5(0.4) 55.3 (12.2) 12.3 (3.0) 31.4(12.1)

High 913 (33.3) 8482.5 (7381.2) 239.5 (92.5) 62.3 (24.3) 89.7 (184.9) 1.4 (0.6) 50.5 (11.5) 13.1 (3.4) 35.8 (12.0)
Regions

Northeast 485 (17.7) 8399.0 (2845.7) 276.5 (97.6) 60.3 (24.1) 70.0 (39.1) 1.4 (0.3) 56.1 (10.6) 12.2 (3.1) 30.6 (10.4)

East Coast 674 (24.5) 9271.6 (6794.4) 272.1 (113.7) 66.9 (27.2) 92.8 (170.8) 1.4 (0.6) 51.7 (12.4) 12.7 (3.1) 34.6 (12.8)

Central 862 (31.4) 8917.4 (6732.1) 280.9 (111.1) 58.5 (22.0) 84.5(161.1) 1.3(0.4) 56.1 (13.0) 11.8 (3.1) 31.6 (13.4)

West 725 (26.4) 7653.3 (2908.7) 263.5 (103.4) 55.4 (21.0) 59.9 (46.8) 1.5(0.2) 58.9 (13.6) 12.4 (3.0) 28.1 (13.4)
BMI

Underweight 222 (8.5) 7429.2 (2863.2) 254.2 (95.9) 50.8 (18.0) 60.2 (43.6) 1.4 (0.4) 58.5 (13.3) 11.8 (2.9) 29.1 (13.1)

Normal 1341 (51.4) 8664.8 (5537.4) 280.4 (114.3) 60.1 (24.7) 76.6 (128.4) 1.4 (0.5) 56.4 (12.9) 12.1 (3.0) 30.7 (13.0)

Overweight 798 (30.6) 8918.1 (6278.0) 275.2 (101.1) 62.8 (23.0) 84.2 (154.8) 1.4 (0.5) 545 (12.2) 125 (3.1) 32.2(12.6)

General Obesity 249 (9.5) 8727.6 (4291.7) 264.9 (96.1) 62.7 (25.8) 84.7 (97.8) 1.4 (0.5) 53.0 (12.7) 12.4 (3.3 34.0 (13.1)
Education level

Illiteracy 818 (30.5) 7801.2 (5321.0) 257.9 (110.0) 52.5 (22.0) 68.5 (125.7) 1.4 (0.5) 58.1 (13.3) 11.9 (2.9) 29.6 (13.8)

Low 1113 (40.9) 8606.6 (3252.5) 285.0 (112.0) 60.5 (22.7) 72.7 (55.7) 1.4 (0.5) 56.4 (12.7) 12.1 (2.9) 30.7 (12.7)

Medium 422 (15.,5)  10013.2 (10016.8) 280.0 (101.3) 67.4 (26.4) 107.2 (254.7) 1.4 (0.5) 52.4 (12.8) 12.6 (3.5) 33.6 (13.3)

High 369 (13.6) 8647.3 (2602.5) 265.9 (91.5) 67.1 (23.6) 79.4 (38.7) 1.4 (0.3) 51.9 (10.7) 13.1(3.2) 34.1(10.5)
Work Status

No 2011 (73.6) 8260.6 (5603.2) 254.0 (97.8) 58.4 (23.1) 79.1(135.1) 1.4 (0.5) 54.2 (12.6) 12.4 (3.2) 32.9(12.8)

Yes 721 (26.4) 9475.2 (4882.5) 327.6 (115.2) 64.7 (25.4) 73.3 (105.3) 1.4 (0.6) 60.3 (12.5) 11.8 (2.7) 26.6 (12.5)
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Table 2. Linear regression models for the relative contribution of macronutrient, classified by

predictor factors

Variables N (%) Univariate Model Final Multivariable Model*
Coef. (95% CI) P-value Coef. (95% CI) P-value
Carbohydrate
Age groups
60-69 (Ref) 1564 (57.0)
70 or above 1182 (43.0)  -0.54 (-1.51,0.44) 0.28
Gender
Male (Ref) 1300 (47.3)
Female 1446 (52.7) 0.12 (-0.84,1.09) 0.81
BMI
Normal (Ref) 1341 (51.4)
Underweight 222 (8.5) 2.03(0.23, 3.84) 0.03
Overweight 798 (30.6) -1.96 (-3.08, -0.85) 0.001
Obesity 249 (9.5) -3.40 (-5.12, -1.68) <0.001
Work Status
No (Ref) 2011 (73.6)
Yes 721 (26.4) 6.25 (5.18,7.32) <0.001 3.27 (2.16, 4.38) <0.001
Education level
Illiteracy (Ref) 818 (30.5)
Low 1113 (40.9) -1.65 (-2.79, -0.50) 0.005  -1.48 (-2.56,-0.39) 0.008
Medium 422 (15.5) -5.72(-7.21, -4.24) <0.001 -3.99 (-5.42, -2.56) <0.001
High 369 (13.6) -6.14 (-7.70, -4.59) <0.001 -2.36(-3.93,-0.78) 0.003
Urbanicity
High (Ref) 913 (33.3)
Medium 901 (32.8) 4.76 (3.64,5.87) <0.001 3.66 (2.50, 4.81) <0.001
Low 932 (34.0) 10.8 (9.65, 11.9) <0.001 8.07 (6.81,9.33) <0.001
Regions
East Coast (Ref) 674 (24.5)
Northeast 485 (17.7) 4.42 (2.95,5.89) <0.001 4.74 (3.33,6.15) <0.001
Central 862 (31.4) 4.36 (3.09,5.64) <0.001 3.27 (2.07,4.48) <0.001
West 725 (26.4) 7.18 (5.85,8.50) <0.001 5.36 (4.10,6.63) <0.001
Protein
Age groups
60-69 (Ref) 1564 (57.0)
70 or above 1182 (43.0) -0.04 (-0.27,0.20) 0.75
Gender
Male (Ref) 1300 (47.3)
Female 1446 (52.7) -0.01 (-0.24,0.23) 0.96
BMI
Normal (Ref) 1341 (51.4)
Underweight 222 (8.5) -0.26 (-0.69, 0.18) 0.25
Overweight 798 (30.6) 0.37 (0.10, 0.64) 0.01
Obesity 249 (9.5) 0.29 (-0.13, 0.71) 0.18
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Work Status
No (Ref) 2011 (73.6)
Yes 721(26.4) -0.61(-0.87,-0.35) <0.001
Education level
Illiteracy (Ref) 818 (30.5)
Low 1113 (40.9) 0.17 (-0.10, 0.45) 0.22 0.10 (-0.17,0.37) 0.46
Medium 422 (15.5) 0.68 (0.32, 1.04) <0.001 0.38 (0.02,0.74) 0.04
High 369 (13.6) 1.26 (0.88, 1.63) <0.001 0.69 (0.30,1.09) 0.001
Urbanicity
High (Ref) 913 (33.3)
Medium 901 (32.8) -1.76 (-2.03,-1.48) <0.001 -1.57(-1.86,-1.28) <0.001
Low 932 (34.0) -0.86(-1.13,-0.58) <0.001  -0.77 (-1.05,-0.48) <0.001
Regions
East Coast (Ref) 674 (24.5)
Northeast 485 (17.7)  -0.56 (-0.92,-0.21) 0.002  -0.61 (-0.96,-0.25) 0.001
Central 862 (31.4) -0.97 (-1.28,-0.66) <0.001  -0.78 (-1.09,-0.48) <0.001
West 725(26.4) -0.33 (-0.65,-0.01) 0.042 0.03 (-0.29,0.35) 0.84
Fat
Age groups
60-69 (Ref) 1564 (57.0)
70 or above 1182 (43.0) 0.94 (-0.04,1.92) 0.061
Gender
Male (Ref) 1300 (47.3)
Female 1446 (52.7) 1.18 (0.21,2.16) 0.017 1.35(0.35,2.35) 0.01
BMI
Normal (Ref) 1341 (51.4)
Underweight 222 (8.5) -1.58 (-3.42, 0.25) 0.09
Overweight 798 (30.6) 1.54 (0.41, 2.67) 0.01
Obesity 249 (9.5) 3.33(1.59, 5.09) <0.001
Work Status
No (Ref) 2011 (73.6)
Yes 721 (26.4) -6.37 (-7.45,-5.29) <0.001 -3.82(-4.97,-2.67) <0.001
Education level
Illiteracy (Ref) 818 (30.5)
Low 1113 (40.9) 1.02 (-0.14,2.19) 0.09 1.47 (0.30,2.63) 0.01
Medium 422 (15.5) 4.01 (2.49,5.52) <0.001 3.32(1.77,4.87) <0.001
High 369 (13.6) 4.49 (2.90,6.07) <0.001 2.04 (0.32,3.76) 0.02
Urbanicity
High (Ref) 913 (33.3)
Medium 901 (32.8) 4.67 (3.53,5.81) <0.001 -6.33(-7.64,-5.03) <0.001
Low 932 (34.0) 9.10 (7.96,10.2) <0.001  -3.30(-4.49,-2.11) <0.001
Regions
East Coast (Ref) 674 (24.5)
Northeast 485 (17.7)  -4.01 (-5.50,-2.51) <0.001  -4.41 (-5.86,-2.96) <0.001
Central 862 (31.4) -2.98 (-4.27,-1.69) <0.001 -2.13(-3.37,-0.88) 0.001
West 725 (26.4)  -6.56 (-7.90,-5.22) <0.001  -5.20 (-6.50,-3.89) <0.001

*The final multivariable models have been adjusted for age group, gender and BMI for

carbohydrate; adjusted for age group, gender, BMI and work status for protein; and adjusted for

age group and BMI for fat.




Figure 1. Selected nine provinces in CHNS*
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Figure 2. Relative macronutrient intakes by urbanicity levels across four regions #
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Figure 3. The percentage of older people who met, are below and are above the DRIs for

macronutrients (Carbohydrate, Protein, Fat)
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(c) Fat
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*Chi-square test for three different levels of meeting DRIs with age groups, gender, BMI,
education levels, work status, urbanicity levels and four regions (p<0.005).
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Figure 4. Distribution of total carbohydrate-energy, protein-energy and fat-energy by

gender
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