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Abstract

Little is known about the macronutrient intake status of older Chinese people. The present study evaluated the macronutrient intake status

of older Chinese people (aged $60 years), investigated whether they had intake levels that met the Dietary Reference Intakes (DRI), and

explored the associations between macronutrient intakes and age groups, sex, education levels, work status, BMI groups, urbanicity levels

and four socio-economic regions of China (Northeast, East Coast, Central and Western). Dietary intake data of 2746 older Chinese with

complete dietary intake data in the Longitudinal China Health and Nutrition Survey (2009 wave) carried out across four diverse regions

were analysed. Dietary intake data were obtained by interviews using 24 h recalls over three consecutive days. The MUFA:SFA ratios

were calculated based on the Chinese Food Composition Table. Less than one-third of the older Chinese people included in the present

study had intake levels meeting the adequate intake for carbohydrate-energy and fat-energy; less than one-fifth had intake levels meeting

the recommended nutrient intake for protein-energy; and more than half of the older people had fat-energy intakes higher than the DRI.

There were strong associations between the proportions of energy from the three macronutrients and education levels, urbanicity levels

and the four socio-economic regions of China, with older people living in the East Coast region having different patterns of macronutrient-

energy intakes when compared with those living in the other three regions. Macronutrient intakes across different urbanicity levels in the

four regions revealed considerable geographical variations in dietary patterns, which will affect the risk factors for non-communicable

diseases. Clinical interventions and public health policies should recognise these regional differences in dietary patterns.
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China’s population is ageing rapidly. In the 2011 census,

people aged .60 years accounted for 13·3 % of the popu-

lation, up nearly 3 % since 2000. China already has about

102 million people aged $60 years, more than one-fifth of

the world’s older population. The proportion of people in

these older age groups is estimated to increase rapidly

during the period 2000–2035, with a predicted one in four

people aged $60 years in 2035(1). Changes in the age struc-

ture in China may have various impacts, one of which is

the increasing prevalence of non-communicable diseases

(NCD)(1,2).

Diet plays an important role in the prevention of NCD,

including CVD, type 2 diabetes, the metabolic syndrome and

cancers(2–5), and the associations between macronutrient

(carbohydrate, protein and fat) intakes and NCD risk have

been well documented(6–11). For example, evidence shows

that carbohydrate intake can influence the development of

type 2 diabetes by affecting blood glucose and insulin con-

centrations(6,7). In addition, compared with a low-fat diet

(10–15 % of total energy), a low-carbohydrate diet (limited

to 30–130 g/d) can improve glucose control, insulin response,

and atherogenic dyslipidaemia and attenuate other cardiovas-

cular risk factors(6,10). A systematic review and meta-analysis

of data from 111 articles reporting on seventy-four randomised

controlled trials has shown that a higher-protein diet (.30 %

of energy input) can potentially improve adiposity, blood

pressure and TAG concentrations compared with a low-

protein meal (,15 % energy)(8). A low-fat diet, particularly

low in saturated fat, has been shown to have a positive role

in the prevention of CVD(9,11), although reduction in saturated
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fat intake must be evaluated in the context of replacement

with other macronutrients(12).

In China, nutritional changes and epidemiological tran-

sitions have begun and are occurring at an extremely

accelerated rate. Nutritional changes are linked to epidemiolo-

gical transitions and an increased burden of NCD, including

a rapid increase in the prevalence of overweight, obesity

and NCD(13). Although the association between macronutrient

intakes and NCD risk is well established, population surveys

of diet and nutrition often do not include people aged $60

years(14,15), resulting in fewer studies evaluating macronutrient

intakes among older Chinese people. Therefore, it is import-

ant to evaluate the current macronutrient intake status of

older Chinese people. It is also important to evaluate differ-

ences in intakes by region, urbanicity and sociodemographic

characteristics, as health outcomes such as NCD (e.g. obesity)

may be influenced by urbanicity and socio-economic differ-

ences between regions(16–18). More detailed contextual

evidence may help to inform regional health policies and

planning. The present study aimed to investigate whether

the macronutrient intake levels of older Chinese met the

Dietary Reference Intakes (DRI)(19) and to evaluate the asso-

ciations between macronutrient intakes of men and women,

in two age groups (60–69 and $70 years), and BMI, edu-

cation levels, work status, urbanicity and four socio-economic

regions of China (Northeast, East Coast, Central and Western).

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 of 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(20). Survey protocols and instruments

and the process followed for obtaining informed consent for

the CHNS were approved by the institutional review commit-

tees of the University of North Carolina at Chapel Hill and the

National Institute of Nutrition and Food Safety at the Chinese

Centre for Disease Control and Prevention. All participants

gave written informed consent(14). Approval for using the

CHNS data was given by the University of Newcastle, Australia

(approval number: H-2013-0360).

The first round of the CHNS, including collection of

household, community, and health/family planning facility

data, was conducted in 1989. Later, seven additional surveys

or rounds of data collection were conducted in 1991, 1993,

1997, 2000, 2004, 2006 and 2009(20). Data collected in the

CHNS 2009 were used in the present study. A total of 2746

people aged $60 years had complete dietary intake data.

The survey has been described in detail elsewhere(21,22), and

data collected in the survey have been used to describe nutri-

tional changes(14,23), chronic health conditions(24), and trends

in the prevalence and incidence of chronic conditions(25,26).

A brief description of sample collection procedures and

measures is given below.

Sample collection procedures and division of
China into four regions

A multistage, random-cluster process was used in the survey

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 pro-

cess was used to select the sample surveyed in each of the

provinces. Counties in the nine provinces were stratified by

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. Subsequently, two urban

neighbourhoods and two suburban neighbourhoods within

the cities and one county capital town and three villages

within the counties were randomly selected. Finally, twenty

households were randomly selected within each neighbour-

hood. All individuals in each household were interviewed in

the CHNS(20).

China is a developing country with a vast territory. Different

regions have different geographical, economic, cultural and

social conditions. Based on the level of economic develop-

ment, China can be divided into four major regions (East

Coast, Central China, Northeast China and Western China).

China has been divided into four regions to improve regional

coordination and interactions so as to form a proper regional

development pattern(27). The nine provinces (Fig. 1) selected

in the CHNS are distributed in these four regions, i.e. Heilong-

jiang and Liaoning in Northeast China; Shandong and Jiangsu

in the East Coast; Henan, Hubei, and Hunan in Central China;

and Guangxi and Guizhou in Western China. Thus, the survey

covers all levels of socio-economic development in China

(Fig. 1). As socio-economic factors have a potential impact

on nutritional status, dietary patterns and NCD preva-

lence(15,28,29), China was divided into four major regions for

further analysis in the present study.

Collection of dietary intake data

In the CHNS, dietary intake assessment is performed using a

combination of three consecutive 24 h recalls at the individual

level and a food inventory at the household level carried

out over the same 3 d period(30). Household food consump-

tion was determined using a weighing technique. All foods

(including edible oils) remaining after consumption of the

last meal before initiation of the survey were weighed and

their weights recorded. Foods that were brought into the

household unit during the three survey days were weighed.

Preparation waste was estimated when weighing was not

possible. All the remaining foods were weighed and their

weights recorded again at the end of the survey(20).

Individual dietary recall data were collected from every

household member over three consecutive days that were

randomly allocated. Individual dietary intake data were col-

lected by asking each household member (expect children

aged ,12 years) to report all foods consumed at home or

away from home over the previous 24 h. Details regarding
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the types and amounts of foods consumed, type of meal con-

sumed and place of consumption of all food items during the

previous day were recorded by trained field interviewers

using food models and picture aids(20). The amount of each

dish was estimated from the household inventory and the

proportion of each dish consumed was reported by each

person interviewed(31).

The quality of data collection was checked by comparing

individual dietary intake based on 24 h recall data with an

individual’s average daily dietary intake calculated from the

household survey. Discrepancies in data collected were

resolved by revisiting the households and estimating their

food consumption again at both the household and individual

levels. Overall, over 99 % of the sample was available for all

the 3 d of data collection; only in a few cases did the partici-

pants miss a day because of absence. Moreover, data quality

control was ensured by giving high-standard training to the

field interviewers, which involved training for at least 3 d in

the collection of dietary intake data(20). Initial data cleaning

was done in the CHNS, which included deletion of duplicate

records, deletion of blank recodes and recoding out-range

values to missing status(20).

Calculations based on the Chinese
Food Composition Table

The mean daily energy intake (kcal), carbohydrate intake (g),

fat intake (g) and protein intake (g) values were obtained from

the dietary intake data collected in the CHNS, which were

derived from the Chinese Food Composition Table(32). The

energy value of a food is the sum of values of all energy-

producing nutrients, i.e. carbohydrate, protein and fat (not

including alcohol), multiplied by the corresponding energy

conversion factor (1 g ¼ 4 kcal for carbohydrate, 1 g ¼ 4 kcal

for protein and 1 g ¼ 9 kcal for fat). As kJ is more commonly

used in nutrition research, kcal was converted to kJ for further

calculation (1 kcal ¼ 4·18 kJ)(32).

The MUFA:SFA ratio was also calculated based on the

Chinese Food Composition Table. MUFA and SFA values for

each food are available in the Food Composition Table(32).

Individual daily intake value for each food item was obtained

from the dietary intake data(33). Average daily monounsatu-

rated and saturated fat intakes for each individual were

calculated using 24 h recall data in conjunction with the

Chinese Food CompositionTable. Previous evidence has shown

that the Mediterranean diet can reduce the risk of NCD and

certain cancers(34,35), with a MUFA:SFA ratio .1·6 being one

component of adherence to the Mediterranean diet. Therefore,

a MUFA:SFA ratio .1·6 was used as the cut-off point to

evaluate whether individuals had a high MUFA:SFA ratio.

Chinese Dietary Reference Intake standard

Chinese DRI have been used as a standard to determine the

recommended dietary intake levels for Chinese people(19).

According to the DRI for Chinese residents, the adequate

intake of carbohydrate should account for 55–65 % of total

energy (carbohydrate-energy percentage); the recommended

nutrient intake of protein should account for 15 % of total

energy (protein-energy percentage); and the adequate intake

of fat should account for 20–30 % of total energy (fat-energy

percentage). The DRI cut-point method was used to estimate

whether the macronutrient intake levels of Chinese people

met the recommendations (adequate intake for carbohydrate

and fat and recommended nutrient intake for protein).

Fig. 1. Provinces selected in the China Health and Nutrition Survey (CHNS): Heilongjiang and Liaoning in Northeast China; Shandong and Jiangsu in the East

Coast; Henan, Hubei and Hunan in Central China; Guangxi and Guizhou in Western China. , Provinces selected in the CHNS; , provinces not selected in the

CHNS. Source: China Health and Nutrition Survey(20) (http://www.cpc.unc.edu/projects/china/about/proj_desc/chinamap).
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Other variables

Height and weight were measured directly, based on a stan-

dard 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 using a portable

stadiometer(20). BMI was calculated using the following

formula(36): weight in kg/(height in m)2, and divided into

four categorical levels based on the WHO suggestion for

Chinese, which are underweight: BMI ,18·5 kg/m2; normal:

BMI 18·5–23·9 kg/m2; overweight: BMI 24·0–27·9 kg/m2; and

general obesity: BMI $28·0 kg/m2(36). Education level was

recoded into four categories based on six education categories

in the questionnaire: illiteracy; low: primary school; medium:

lower middle school; high: upper middle school, technical

school and college/university. Work status was divided into

two levels based on the answer to the question ‘Are you pre-

sently working?’ The urbanicity index was used instead of

urban/rural measurement as this measurement is based only

on an absolute threshold of population and/or population

density(37). Urbanicity is defined by a multidimensional

twelve-component urbanisation index, which captures popu-

lation density and physical, social, cultural and economic

environments, which has been explained in previous

studies(37,38). Tertiles of the urbanisation index were used to

define low, medium and high urbanicity in the present study.

Statistical analysis

Data analysis was carried out using the statistical/data analysis

package STATA/SE 13.1 (STATA; StataCorp). Average total

macronutrient intakes are reported as means and standard

deviations, with data distribution being indicated with stan-

dard deviation. Margin plots were used to demonstrate macro-

nutrient-energy intake for the three levels of urbanicity across

the four regions of China. The x 2 test was used to assess the

association between the different levels (below, meeting and

above the recommendations) of DRI for macronutrients and

age groups, sex, education level, work status, BMI groups,

urbanicity levels and the four regions of China. ANOVA

were used to assess whether any association existed between

relative macronutrient intakes and these predictor factors.

Univariate and multivariable linear regression models were

used to explore the association between macronutrient intakes

and these predictor factors.

Results

Information regarding the 2746 (1300 men and 1446 women)

participants aged $60 years included in the present study was

obtained from data collected in the CHNS 2009. Of these

participants, 57 % (n 1564) were aged 60–69 years and 43 %

(n 1182) were aged $70 years. The total number of partici-

pants living in the Northeast, East Coast, Central and Western

regions was 485 (17·7 %), 674 (24·5 %), 862 (31·4 %) and 725

(26·4 %), respectively.

Total energy and macronutrient (carbohydrate, protein and

fat) intakes, energy from macronutrients (%) and MUFA:SFA

ratios of the participants, classified by age groups, sex, urbani-

city levels, BMI groups, education levels, work status and

the four socio-economic regions of China, are summarised

in Table 1.

Total energy, carbohydrate, protein, and fat intakes and
MUFA:SFA ratios

In general, older people who were aged 60–69 years had

higher total energy and macronutrient intakes than those

who were aged $70 years. Males had higher total energy

and macronutrient intakes than females (Table 1).

As shown in Table 1, people living in low-urbanicity areas

had higher total energy and carbohydrate intakes than those

living in high- and medium-urbanicity areas. People living in

the East Coast region had the highest energy intakes, while

those living in the Western region had the lowest total

energy and carbohydrate intakes. People with a higher BMI

had lower total carbohydrate intakes. People with low and

medium education levels had higher carbohydrate intakes

than those who were illiterate and with high education

levels. Older people with a job had higher total carbohydrate

and protein intakes, but did not have higher total fat intakes

(Table 1).

Compared with energy and carbohydrate intakes, an incon-

sistency was observed in total protein and fat intakes. Older

people living in high-urbanicity areas had higher total protein

and fat intakes than people living in low- and medium-

urbanicity areas. People living in the Western region had the

lowest total protein and fat intakes, while those living in the

East Coast region had the highest protein and fat intakes.

People with a higher BMI had higher total fat intakes. Older

people with medium education levels had the highest total

protein and fat intakes (Table 1).

The MUFA:SFA ratios were stable across the four socio-

economic regions of China, ranging from 1·3 to 1·5 (Northeast:

1·4, East Coast: 1·4, Central: 1·3, and Western: 1·5). As a

MUFA:SFA ratio .1·6 was considered to be the standard,

the average MUFA:SFA ratios were lower than our standard.

Only one-fifth of the older people had a higher MUFA:SFA

ratio (.1·6) across the four regions of China.

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

As shown in Table 1, among older Chinese people, there were

large variations in relative carbohydrate, protein and fat

intakes across different urbanicity levels and across the four

regions of China.

People living in low-urbanicity areas had higher relative

carbohydrate intakes than those living in medium- and high-

urbanicity areas; people living in the Western region had

the highest intakes and those living in the East Coast region

had the lowest intakes. Compared with relative carbohydrate

intakes, an opposite trend was observed for relative protein

and fat intakes. People living in medium- and high-urbanicity
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Table 1. Total energy and macronutrient intakes, energy from macronutrients and MUFA:SFA ratios of the participants

(Mean values and standard deviations)

Energy (kJ)
Carbohydrate

(g) Protein (g) Fat (g) MUFA:SFA

Energy from
carbohydrate

(%)
Energy from
protein (%)

Energy from
fat (%)

n % Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Age groups (years)
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 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

Sex
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
Western 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 (kg/m2)
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 54·5 12·2 12·5 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 10 013·2 10 016·8 280·0 101·3 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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areas had higher fat intakes than those living in low-urbanicity

areas; people living in the East Coast region had the highest

relative protein and fat intakes, while those living in the

Western region had the lowest fat intakes (Table 1).

As large variations existed in relative macronutrient intakes

across the urbanicity levels and across the four regions

of China, the difference in relative macronutrient intakes

among the three levels of urbanicity within the four regions

was assessed (Fig. 2). After generating margin plots (with

95 % CI), it was found that people living in the high-

urbanicity areas of the East Coast region had the lowest

relative carbohydrate intakes (47 %, n 297), while those

living in the low-urbanicity areas of the Western region had

the highest relative carbohydrate intakes (62 %, n 532).

Among people living in high-urbanicity areas in the

four socio-economic regions of China, those living in the

Northeast region had the highest relative carbohydrate intakes

(55 %, n 210).

The average relative protein intake was less than 15 %

across the urbanicity levels in China (Table 1). There was

not much difference in relative protein intakes among the

different urbanicity levels across the four regions of China,

with intakes ranging from 11 to 13 %. People living in

high-urbanicity areas had much higher relative fat intakes

than those living in low- and medium-urbanicity areas across

the East Coast, Central and Western regions, but not in

the Northeast region. The greatest difference among the

different urbanicity levels was observed in the Western

region and the smallest difference in the Northeast region

(Fig. 2).

Percentage of older people with intake levels meeting the
Dietary Reference Intakes

The percentage of older people with relative macronutrient

intake levels meeting, below and above the DRI, classified

by age groups, sex, BMI groups, education levels, work

status, urbanicity levels and the four socio-economic regions

of China, is shown in Fig. 3.

Less than one-third of the older Chinese people included in

the present study had relative carbohydrate and fat intakes

that met the DRI and less than one-fifth had relative protein

intake levels that met the DRI. Across the four regions of

China, more than four-fifths of the older people had lower

relative protein intakes and none had higher relative protein

intakes. Moreover, more than 50 % of the older people had

higher relative fat intakes (Fig. 3).

There were no significant differences in the percentage of

older Chinese with relative macronutrient intake levels meet-

ing, below or above the DRI with respect to different age

groups (carbohydrate: P¼0·6, protein: P¼0·65, and fat:

P¼0·41) and sex (carbohydrate: P¼0·88, protein: P¼0·66,

and fat: P¼0·08). However, there were significant differences

in the percentage of older Chinese with intake levels meeting

the recommended macronutrient intake percentage (from

DRI) with respect to different urbanicity levels, regions, BMI

groups, education levels and work status (P,0·005).

Linear regression models

As differences existed in relative macronutrient intakes across

the urbanicity levels, socio-economic regions, BMI groups,

education levels and work status, the association between

relative macronutrient intakes and these predictor factors

was assessed using linear regression models. Both univariate

and multivariate model analyses were conducted, and results

are presented in Table 2. As shown in Fig. 4, total carbo-

hydrate-energy, protein-energy and fat-energy intakes by sex

were normally distributed. As MUFA:SFA ratios tended to be

stable by different predictor variables (Table 1), they were

not included in further analysis.

There were no statistically significant differences in relative

carbohydrate intakes between the age groups (P¼0·28, 95 %

CI 21·51, 0·44) and sexes (P¼0·81, 95 % CI 20·84, 1·09) in

the univariate model. The final multivariable regression

model revealed strong associations between relative carbo-

hydrate intakes and work status (P,0·001, 95 % CI 2·16,

4·38), education levels (P,0·01), urbanicity levels (P,0·001)

and the four socio-economic regions of China (P,0·001).

Compared with older people who were not working, people
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Fig. 2. Relative macronutrient intakes by urbanicity levels across the four

regions. Sample size: n 2746. (a) Carbohydrate, (b) protein and (c) fat.
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Fig. 3. Percentage of older people with intake levels meeting ( ), below ( ) and above ( ) the Dietary Reference Intakes (DRI) for macronutrients: (a) carbo-

hydrate; (b) protein; (c) fat. * The x 2 test was used examine the association between the three levels of meeting the DRI and age groups, sex, BMI groups,

education levels, work status, urbanicity levels and the four socio-economic regions of China (P,0·005).
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Table 2. Results of linear regression model analyses for the relative contribution of macronutrients, classified by predictor factors

(Coefficients and 95 % confidence intervals)

Univariate model Final multivariable model*

Variables n % Coefficient 95 % CI P Coefficient 95 % CI P

Carbohydrate
Age groups (years)

60–69 (Ref) 1564 57·0
$70 1182 43·0 20·54 21·51, 0·44 0·28

Sex
Male (Ref) 1300 47·3
Female 1446 52·7 0·12 20·84, 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 21·96 23·08, 20·85 0·001
Obesity 249 9·5 23·40 25·12, 21·68 ,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 21·65 22·79, 20·50 0·005 21·48 22·56, 20·39 0·008
Medium 422 15·5 25·72 27·21, 24·24 ,0·001 23·99 25·42, 22·56 ,0·001
High 369 13·6 26·14 27·70, 24·59 ,0·001 22·36 23·93, 20·78 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
Western 725 26·4 7·18 5·85, 8·50 ,0·001 5·36 4·10, 6·63 ,0·001

Protein
Age groups (years)

60–69 (Ref) 1564 57·0
$70 1182 43·0 20·04 20·27, 0·20 0·75

Sex
Male (Ref) 1300 47·3
Female 1446 52·7 20·01 20·24, 0·23 0·96

BMI
Normal (Ref) 1341 51·4
Underweight 222 8·5 20·26 20·69, 0·18 0·25
Overweight 798 30·6 0·37 0·10, 0·64 0·01
Obesity 249 9·5 0·29 20·13, 0·71 0·18

Work status
No (Ref) 2011 73·6
Yes 721 26·4 20·61 20·87, 20·35 ,0·001

Education level
Illiteracy (Ref) 818 30·5
Low 1113 40·9 0·17 20·10, 0·45 0·22 0·10 20·17, 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 21·76 22·03, 21·48 ,0·001 21·57 21·86, 21·28 ,0·001
Low 932 34·0 20·86 21·13, 20·58 ,0·001 20·77 21·05, 20·48 ,0·001

Regions
East Coast (Ref) 674 24·5
Northeast 485 17·7 20·56 20·92, 20·21 0·002 20·61 20·96, 20·25 0·001
Central 862 31·4 20·97 21·28, 20·66 ,0·001 20·78 21·09, 20·48 ,0·001
Western 725 26·4 20·33 20·65, 20·01 0·042 0·03 20·29, 0·35 0·84

Fat
Age groups (years)

60–69 (Ref) 1564 57·0
$70 1182 43·0 0·94 20·04, 1·92 0·061

Sex
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
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undertaking paid work had a 3·3 % higher relative carbo-

hydrate intake (P,0·001, 95 % CI 2·16, 4·38). Compared with

people who were illiterate, people with low, medium and

high education levels had a lower relative carbohydrate

intake (P,0·01). Older people living in low-urbanicity areas

had an 8·1 % higher relative carbohydrate intake than those

living in high-urbanicity areas, which was statistically signifi-

cant (P,0·001). Compared with older people living in the

East Coast region, people living in the Northeast, Central

and Western regions of China had higher relative carbohydrate

intakes (4·7, 3·3 and 5·4 % higher, respectively).

No statistically significant differences were found in relative

protein intakes between sexes, BMI groups and age groups

(P.0·05). However, there were strong associations between

relative protein intakes and urbanicity levels, education

levels, work status and the four socio-economic regions of

China. Older people living in low- and medium-urbanicity

areas had lower relative protein intakes than those living in

high-urbanicity areas (P,0·001). Compared with people

who were illiterate, those with low, medium and high edu-

cation levels had higher relative protein intakes. Compared

with older people living in the East Coast region, those

living in the Central or Northeast region had lower relative

protein intakes, which were 0·6 and 0·8 % lower. Older

people living in the Western region had only a 0·03 % higher

intake, which was not statistically significant (P¼0·84, 95 %

CI 20·29, 0·35).

There were no statistically significant differences in relative

fat intakes between the age groups (P¼0·06, 95 % CI 20·04,

1·92). However, associations were found between relative fat

intakes and sex, BMI groups, urbanicity levels, work status,

education levels and the four socio-economic regions of

China. In the final linear regression model, the relative fat

intakes of older women were found to be 1·4 % higher than

those of older men (P¼0·01, 95 % CI 0·35, 2·35); older

people with a job had lower relative fat intakes than those

with no job (P,0·001, 95 % CI 24·97, 2 2·67); compared

with older people who were illiterate, those with low,

medium and high education levels had higher relative fat

intakes (1·5, 3·3 and 2 %, respectively); older people living

in medium- and low-urbanicity areas had 6·3 and 3·3 %

lower relative fat intakes than those living in high-urbanicity

areas. Compared with those living in the East Coast region,

there were statistically significant differences in the relative

fat intakes of older people living in the Northeast, Central

and Western regions (P,0·01).

In summary, statistically significant associations were

observed between the relative intakes of the three macro-

nutrients and education levels, urbanicity levels and socio-

economic regions. Although BMI exhibited statistically

significant associations with relative carbohydrate and fat

intakes in the univariate model, these associations were

not statistically significant in the final multivariable linear

regression model when other predictor variables were

included in the model. Older people who were illiterate and

living in low-urbanicity areas had higher relative carbohydrate

intakes but lower relative protein and fat intakes. Compared

with older people living in the East Coast region, people

living in the Northeast, Central and Western regions had

higher relative carbohydrate intakes, but an opposite trend

was observed for relative protein and fat intakes.

Table 2. Continued

Univariate model Final multivariable model*

Variables n % Coefficient 95 % CI P Coefficient 95 % CI P

BMI
Normal (Ref) 1341 51·4
Underweight 222 8·5 21·58 23·42, 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 26·37 27·45, 25·29 ,0·001 23·82 24·97, 22·67 ,0·001

Education level
Illiteracy (Ref) 818 30·5
Low 1113 40·9 1·02 20·14, 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 26·33 27·64, 25·03 ,0·001
Low 932 34·0 9·10 7·96, 10·2 ,0·001 23·30 24·49, 22·11 ,0·001

Regions
East Coast (Ref) 674 24·5
Northeast 485 17·7 24·01 25·50, 22·51 ,0·001 24·41 25·86, 22·96 ,0·001
Central 862 31·4 22·98 24·27, 21·69 ,0·001 22·13 23·37, 20·88 0·001
Western 725 26·4 26·56 27·90, 25·22 ,0·001 25·20 26·50, 23·89 ,0·001

Ref, reference.
* The final multivariable models were adjusted for age groups, sex and BMI groups for carbohydrate, for age groups, sex, BMI groups and work status for protein, and for age

groups and BMI groups for fat.
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Discussion

Few older people included in the present study had carbo-

hydrate and protein intake levels that met the DRI and more

than half of the older people had fat intake levels that

exceeded the recommended levels. Moreover, there were

significant differences in the relative intakes of the three

macronutrients according to education levels, urbanicity

levels and the four socio-economic regions of China.

In the present study, the greatest variation in macronutrient

intakes was observed in people with intake levels that met the

energy recommendation for carbohydrate and fat, while the

least variation was observed in those with intake levels that

met the energy recommendation for protein. The variation

in macronutrient intakes by urbanicity levels and across the

four socio-economic regions of China may be due to econ-

omic growth, modernisation, urbanisation and agri-food

system globalisation. These factors can affect eating habits

and potentially result in an increased prevalence of obesity

and NCD in different regions of China(28,29,39). The increasing

number of NCD cases will no doubt put a further drain on the

health systems and raise the economic costs of prevention and

treatment of NCD in China(40,41).

The most interesting finding was recorded for fat intakes in

the present study. More than 50 % of the older Chinese people

had relative fat intakes higher than those recommended, with

women having higher fat intakes than men. Fat intake percen-

tages were also higher in people living in higher-urbanicity

areas than in those living in low- and medium-urbanicity

areas. The MUFA:SFA ratio was not high, with only one-fifth

of the older people having a high MUFA:SFA ratio (.1·6).

Total fat intakes and total fat-energy were high and MUFA:SFA

ratios were low, which indicates that older people have a

higher risk of overweight and obesity, particularly women

and also those living in high-urbanicity areas. Previous studies

have shown that the prevalence of overweight and obesity is

higher in women than in men and that the prevalence of over-

weight and obesity is higher in people living in urban areas

than in those living in rural areas across the whole of

China(17,39). A recent study from the CHNS, comparing older

people (aged $60 years) living in two provinces in Eastern

China and two provinces in Western China, has shown that

people living in the Eastern regions and in urban areas are

more likely to be overweight or obese when compared with

those living in the Western regions and rural areas(16).

Women have a higher life expectancy and an increased risk

of obesity and NCD compared with men in China(42). There-

fore, women may need to spend more on health to maintain

a better quality of life. In addition, diet and exercise interven-

tions are extremely important for preventing obesity and

NCD(43,44). 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 NCD cases in China.

Although there are some studies that have been conducted

to evaluate nutritional status and nutrition transition(14,15), the

present study is the first to assess the macronutrient intake

status of older Chinese people (aged $60 years) across

three levels of urbanicity in four regions of China. A study

from the CHNS has examined the trends in dietary energy,

fat, carbohydrate and protein intakes among Chinese children

and adolescents from 1991 to 2009 and demonstrated that the

daily proportion of energy from protein and fat has increased

steadily. The proportion of energy from protein and fat had

increased to 13·1 and 30 %, respectively, in 2009. In addition,

the daily carbohydrate intake and proportion of energy from

carbohydrate had declined steadily, with reductions to

254·1 g and 56·8 % in 2009(14). In the present study, the pro-

portions of energy from carbohydrate, protein and fat were

56·1, 11·9 and 30·6 %, respectively, in the older people. It

can be seen that the macronutrient intakes among older

people and children in China were quite similar in 2009.

In the present study, compared with people who were

illiterate, people with medium and high education levels

were found to have lower relative carbohydrate intakes,

higher relative protein intakes and higher relative fat intakes,

indicating that education levels affect the prevalence of

NCD. Evidence from previous studies has also shown that

there are strong associations between education levels and

NCD prevalence(45–47). Although macronutrient intake is one

of the important factors affecting the prevalence of NCD,

education levels can also potentially affect macronutrient

intake and eating habits.
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Data collected in the CHNS 2009 were used to carry out a

cross-sectional analysis in the present study. Individual, con-

secutive food records collected over 3 d, in addition to food

weighing, were used in the CHNS to assess food and nutrient

intakes, providing a more accurate estimate of individual

intake than 24 h food records. This method has also been

used in another study carried out in China(48).

Findings from the present study provide important insights

into the macronutrient intake status of older Chinese people.

The different macronutrient intakes observed across urbanicity

levels in the four socio-economic regions suggest that there

are considerable variations in dietary patterns, which may

affect the risk factors for NCD. In addition, the different

intakes observed across different socio-economic regions

suggest that health prevention and clinical interventions will

need to be tailored towards different regional contexts for

programmes to be effective or successful at reducing the

risk of NCD. Although alcohol is one of the macronutrients

to provide energy, only one-quarter of the older Chinese

people included in the present study consumed alcohol in

the previous year. Thus, alcohol consumption was not

included in the analysis in the present study.

The strengths of the present study include the use of indi-

vidual, consecutive 3 d recall methods to improve the accuracy

of recall and hence analysis and results(48). Examination of

macronutrient intakes over four diverse socio-economic

regions of China allowed a more detailed, contextual analysis

to be undertaken for a large sample of older Chinese people

in two age cohorts. Moreover, the use of the urbanicity

index helped to capture details of population density and

physical, social, cultural and economic environments rather

than only an absolute threshold of population and/or

population density based on the urban/rural measurement.

However, some limitations may apply. The cross-sectional

design does not enable analysis of macronutrient intake tran-

sitions over time. In addition, the CHNS does not present

national data; therefore, the westernmost region of China

was excluded from the present study. Although physical

activity levels should be considered when comparing DRI,

the CHNS does not measure physical activity levels in these

populations. Therefore, we were unable to analyse macro-

nutrient intakes 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 sig-

nificance of the study results. In the present study, to a large

extent, diverse macronutrient intakes were observed among

older Chinese people, providing important information for

preventive health strategies for NCD.

Conclusion

In the present study, data collected in the CHNS 2009 were

used to carry out a cross-sectional analysis for evaluating the

macronutrient (carbohydrate, protein and fat) intake status

of older Chinese people ($60 years) in four regions of

China. Few people were found to have carbohydrate, protein

and fat intake levels that met the DRI. Most of the people had

high fat intakes, particularly those living in high-urbanicity

areas. Furthermore, there were strong associations between

macronutrient intakes and different urbanicity levels and the

four socio-economic regions of China. The present study

provides important evidence that can inform policy makers

in making DRI recommendations and help prevent NCD in

older Chinese people. In addition, the different macro-

nutrient intakes associated with different urbanicity levels

across the four socio-economic regions indicates that there

are considerable variations in dietary patterns, which may

affect the incidence and prevalence of NCD. Therefore,

clinical interventions and health policies for older people

should be recognised and adapted to regional contexts to

maximise success.
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