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Abstract

Background Understanding nutritional status among women of childbearing age (WCA) is of increasing concern,
as nutrient intakes may affect the health of WCA and well-being of their offspring. This study aimed to investigate
secular trends of dietary energy and macronutrients intakes and access longitudinally the urban-rural and geographic
disparities among Chinese WCA.

Methods A total of 10,219 participants were involved in three rounds of the Chinese Health and Nutrition Survey
(CHNS:1991, 2004, and 2015). Average macronutrients intakes were compared against the Chinese Dietary Reference
Intakes Standard (DRIs) to better assess adequacy. Mixed effect models were used to estimate the secular trends of
dietary intake.

Results A total of 10,219 participants were involved. Dietary fat, the percentage of energy (%E) from fat, and the
proportion with more than 30% of energy from fat and less than 50% from carbohydrates increased notably over
time (p<0.001).1n 2015, urban western WCA had the most dietary fat (89.5 g/d), %E from fat (41.4%), with the highest
proportion of energy from fat (81.7%) and carbohydrate (72.1%) out the range of DRIs. From 1991 to 2015, the average
urban-rural differences in dietary fat decreased from 15.7 g/d to 3.2 g/d among eastern WCA. However, it increased to
16.4 g/d and 6.3 g/d among central and western WCA, respectively.

Conclusion WCA was experiencing a rapid transformation to a high-fat diet. Temporal variation with obvious
urban-rural and geographic disparities in dietary. energy and macronutrient composition persistently existed among
Chinese WCA These findings have implications of future public strategies to strengthen the nutrition propaganda
and education of balanced diet for WCA to help them to improve their nutritional status, especially for those living in
western China.
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Introduction

Women of childbearing age (WCA) are at greater risk of
adverse health outcomes than other groups due to their
higher physiological requirements. In particular, the need
for appropriate nutrient intakes increases significantly
during pregnancy, lactation, or menstruation. Adequate
access to nutritional information not only helps to pro-
vide targeted dietary advice for WCA but also indirectly
promotes the well-being of their children, who will
eventually become the main workforce or leaders of the
country [1-3]. In China, to better assess the adequacy,
the average macronutrient intake is usually compared
with the Chinese Dietary Reference Intake Standards
(DRIs),which have been used as a criterion for determin-
ing the level of recommended dietary intake in Chinese
[4]. Meanwhile, according to the DRIs, a balanced diet
consisting of 20 to 30% total energy intake from fat,15%
total energy intake from protein, and 50 to 65% total
energy intake from carbohydrates is critical for promot-
ing maternal health and optimizing fetal development
[5, 6]. WCA with an appropriate diet could maintain
the birth weight of their offspring within a reasonable
range [7]. This is especially true among Chinese women
because of the traditional role of mothers in families and
communities [8]. However, nutrition problems during
the childbearing years are often neglected.

In China, people’s diets and lifestyles have undergone
significant changes towards choosing a western-style diet
high in fat and animal-based foods with rapid urban-
ization and socioeconomic transition over the past few
decades [9]. In particular, an unbalanced diet potentially
leads to an increased risk of future malnutrition and non-
communicable diseases (NCDs),especially among vul-
nerable groups such as WCA [10]. However, the dietary
imbalance is often associated with obesity, which also
leads to many other health complications [11]. The recent
Nutrition and Chronic Disease Surveillance of Chinese
residents reported that over 50% of WCA in China are
overweight or obese, which poses a major challenge to
the health of the population and the medical system [12].

Being the largest developing country in the world,
WCA accounted for 24.7% of the total population of
China. The Chinese government recently adopted a pro-
gram encouraging couples to have three children, which
has increased the number of multi- parent families [13].
According to the National Bureau of Statistics of China
[14], roughly 14.7 million babies were born in 2019. As
a result, it’s vital to focus on Chinese WCA’s nutritional
status. Furthermore, China covers a large geographic area
and has a considerable dual urban-rural economic struc-
ture as well as regional development differences [15]. The

health status of WCA varies significantly in different geo-
graphical regions [16]. Previous findings indeed found
significant health gaps in western, central, and eastern
China, for example, residents in the southeastern coastal
areas tend to have a better health status than those in
western China [17]. Nutrition is one of the most impor-
tant factors causing the health disparities between urban
and rural areas in China. Therefore, the nutrient intake
of WCA from different geographic locations is an impor-
tant issue that cannot be neglected.

To date, a growing volume of epidemiological stud-
ies has been conducted to evaluate nutrient adequacy
and urban-rural disparities in nutrition in China. How-
ever, most investigations in this area have been focused
on the Chinese elderly and children, but seldom on
WCA [18-20]. Furthermore, there is a large variation in
study design and methodology, and often small samples
are used, resulting in few generalize findings. Hence,
the objective of the present study was to access secular
trends in dietary energy and macronutrient intake and
further ascertain the urban-rural and geographic dispari-
ties in a large sample of Chinese WCA.

Materials and methods

Study design and subjects

This was a population-based, longitudinal study. The
related data of WCA were derived from the China Health
and Nutrition Survey (CHNS), which was conducted
every two or three years from 1989 up to the present [21].
Each round of the survey, included basic demographic
and socioeconomic characteristics, dietary intake, and
behavioral factors. A stratified multistage, random-
cluster sampling method was used to draw households
from urban and rural areas in China [22]. The CHNS has
become a crucial source of data to investigate the impact
of the social and economic transformation of Chinese
society on the health and nutrition status of the Chinese
population. Additional details regarding the CHNS are
provided elsewhere [23].

Trained healthcare workers conducted face-to-face
interviews with participants and their families at baseline
to collect data on demographic characteristics, eating
habits, and frequency of dietary, and nutrient intake, as
well as behavioral factors of WCA. To observe and com-
pare the degree of transformation and trends at intervals
of more than a decade, the present analysis was based
on three rounds of the CHNS, conducted in 1991, 2004,
and 2015. A total of 10,219 women aged between 15 and
49 years old with complete data on demographic, socio-
economic status, and dietary information in a survey
year were included in the present study after excluding
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participants with (n=121) implausible energy intakes
(<600 kcal or >4000 kcal) from the analysis [24].

Dietary data collection

The three consecutive 24-hour dietary recall was used to
collect food intake information in each wave of CHNS,
except for the condiment intake, which was collected by
the weighting method [25]. Participants were required to
report the amount (in grams) of various foods and bever-
ages consumed at home and out (during a 24-h period)
with food models and picture aids in the household inter-
view. Furthermore, the average intake of dietary energy
(kcal/d), fat (g/d), carbohydrate (g/d), and protein (g/d)
values were calculated by the Chinese Food Composition
Table (CFCT) [26].

Sociology-demographic data and anthropometrics

The educational level was classified as primary school or
illiterate, middle school, high school, or above. The per-
capital annual income in each survey was inflated to val-
ues in 2015. The marital status was divided into single or
married. Participants’ height (seca 260) and weight (seca
880) were measured by trained health workers, and their
Body Mass Index (BMI) was calculated using the stan-
dard formula: weight in kilograms/square of height in
meters (kg/m?) [27]. Participants reported all physical
activities (PA), and we converted the time spent on each

Table 1 General Characteristics of WCA by CHNS Rounds,
1991-20,151-2

Characteristic 1991 2004 2015 P-value
Sample(N) 3730 2866 3623 -
Education level (%)
Primary school/below  51.6(0.8) 352(09) 181(0.7) <0.001
Middle school 32.1(0.8) 36.1(0.9) 37.4(0.9)
High school/above 16.3(0.6) 28.7(0.8) 445 (0.9))
Marital status (%)
Single 23.8(0.7) 14.2(0.7) 11.50.6) <0.001
Married 762(0.7) 858(0.7)  88.5(0.6)
Income (Tk yuan) 3.8(0.1) 89(0.2) 448 (14) <0.001
BMI (kg/mz) 21.8(0.1) 22.8(0.1) 235(0.1)  <0.001
PA(METs/w) 462.6 246.0(4.0) 166.6(2.8) <0.001
(4.6)
Smoking (%) 2.0(0.1) 2.7(0.1) 3.0(0.1) 0.507
Drinking (%) 12.0(06) 9.3(0.7) 7.2(0.7) <0.001
Region (%)
Urban 14.1(06) 139(06) 229(07) <0.001
Rural 85.9(0.6) 86.1(0.6) 77.1(0.7)
District (%)
Eastern 35.8(0.8) 44.7(09) 46.0(1.00 <0.001
Central 38.2(0.8) 33.3(0.9) 26.0(0.8)
Western 26.0(0.7) 22.0(0.8)  28.0(0.9

Continuous variables were presented as mean and standard error (SE) and
categorical variables by percentage and SE of percentage in parentheses,?
There were significant trends in each subgroup over the survey round, except
for smoking status
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activity into a metabolic equivalent of task (MET) hours
per week based on the compendium of physical activi-
ties [28]. Smoking and drinking status were classified into
non-smokers or smokers and non-drinkers or drinkers.
Meanwhile, the influence of urban-rural locations and
geographical regions in China (assigned as eastern, cen-
tral, and western) were also considered [29].

Statistical analyses

These analyses were performed with the use of SAS soft-
ware (SAS Institute, USA) version 9.4. Continuous vari-
ables were presented as mean and standard error (SE)
and categorical variables by percentage and SE of per-
centage. The chi-square (x?) test was used to assess the
association between the different levels (below, meeting,
and above the recommendations) of DRIs for macronu-
trients. T-tests were used to estimate the differences in
dietary intake within a year. Mixed effect models were
used to calculate the adjusted intake of dietary energy,
macronutrients, and macronutrient-energy percent-
ages, and to estimate the dietary trend across the survey
rounds and the dietary differences between years, strati-
fied by urban-rural and geographic districts. Meanwhile,
dietary energy and macronutrient composition were
treated as the dependent variables in each model. Statis-
tical significance was considered if p values<<0.05.

Results

Characteristics of the study participants

The general characteristics of participants in three
rounds of CHNS (1991, 2004, 2015) are presented in
Table 1. This study was conducted on 3730, 2866, and
3623 WCA in 1991, 2004, and 2015, respectively. Mari-
tal status, education level, income, BMI, PA, region, dis-
trict, and drinking behavior showed significant temporal
trends across three rounds of surveys (p<0.001). From
1991 to 2015, urban participants increased from 14.1
to 22.9% and the mean BMI increased from 21.8 kg/m>
to 23.5 kg/m? while the mean PA decreased from 462.6
METs/w to 166.6 METs/w. Participants who are married,
or have a higher education level became more prevalent
over time (p<0.001). The smoking status of WCA was
relatively stable, but the drinking status increased sig-
nificantly over time (p<0.001). The proportion of WCA
from eastern China increased notably from 1991 to 2015
(p<0.001).

Trends in energy intake and macro-nutrient composition

Table 2 shows the secular trends of dietary energy and
macronutrient composition among Chinese WCA from
1991 to 2015. The dietary fat intake of these partici-
pants increased notably from 62.1 g/d to 72.9 g/d over
time. However, the average intake of dietary energy,
protein, and carbohydrate decreased significantly
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Table 2 Trends of the Dietary Energy and Macronutrient
Composition of WCA by CHNS Rounds,1991-2015™

Dietary Intake 1991 2004 2015 P-value

Energy(kcal/d) 2241.1(11.0)  2080.9(11.3)  1870.1 <0.001
(14.2)

Fat(g/d) 62.1(0.7) 66.6 (0.7) 72.9(0.9) <0.001

Protein(g/d) 73.8(04) 63.7(0.4) 58.5(04) <0.001

Carbohydrate(g/d) 421.2(2.2) 306.2(1.9) 2444 <0.001
(22)

Fat(%E) 24.5(0.2) 280(0.2) 346(02) <0.001

Carbohydrate(%E) 63.1(0.2) 59.6(0.2) 52.5(0.2) <0.001

" Mean percentage and standard error(SE)in parentheses,?%E, percentage of
dietary energy intake.? Values adjusted for, marital status, education, income,
BMI, PA, smoking, drinking, region, and district,* Significant trends in each sub-
group across all survey years

from 2241.1 kcal/d, 73.8 g/d, and 421.2 g/d in 1991 to
1870.1 kcal/d, 58.5 g/d, and 244.4 g/d in 2015, respec-
tively. Additionally, from fat increased from 24.5 to
34.6%, whereas %E from carbohydrates decreased from
63.1 to 52.5% over time.

As seen in Table 3, the dietary energy, protein, carbo-
hydrate intakes, and %E from carbohydrates showed a
significant downward trend while the dietary fat intake
and En% from fat showed a notable increasing trend
over time, regardless of districts and regions in China
(p<0.001). In 2015, WCA in urban western China had
the most dietary fat intake (89.5 g/d) and the most %E
from fat (41.4%), while they had the least dietary carbo-
hydrate intake (205.9 g/d) and the least %E from carbo-
hydrate (44.4%). Moreover, WCA in rural western China
had the least intake of dietary protein (60.5 g/d) in 2015.

As seen in Fig. 1, the proportion of WCA with more
than 30% of energy from fat and less than 50% of energy
from carbohydrates increased notably from 1991 to 2015,
regardless of location and region (p<0.001). The average
proportion of participants with higher fat intake com-
pared with the DRIs increased from 27.3 to 70.1%. Specif-
ically, the proportion with the higher fat intake increased
from 24.5 to 66.7%, and from 44.7 to 75.5% in rural and
urban participants, respectively. In addition, the propor-
tion with lower carbohydrate intake increased from 11.7
to 45.8%, and from 18.2 to 60.0% in rural and urban par-
ticipants, respectively. In 2015, WCA in urban western
China had the most proportion who consumed more
than 30% of energy from fat (81.7%) and less than 50% of
energy from carbohydrates (72.1%).

Trends of urban-rural disparities

As seen in Table 4, urban-rural disparities in dietary
energy and carbohydrate intake of WCA decreased sig-
nificantly over time across all regions and locations in
China (p<0.001). Generally, WCA from the urban had
less dietary energy and carbohydrate intake than their
rural counterparts. However, WCA from the rural areas
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had more dietary protein intake than their urban par-
ticipants in 1991, while urban participants had more in
2004, and this value increased further in 2015. The aver-
age urban-rural disparities in dietary protein intake were
4.0 g/d among WCA in 2015.1t is worth noting that the
average urban-rural differences in dietary fat in eastern
China decreased from 15.7 g/d to 3.2 g/d over time while
the differences increased from 14.5 g/d to 16.4 g/d in
the central district, and from 4.0 g/d to 6.3 g/d in west-
ern China. In 2015, the average urban-rural disparities
in dietary fat and carbohydrate intake were 8.1 g/d and
30.5 g/d among WCA, respectively.

A Comparison of the change values of urban-rural dif-
ferences in dietary fat, protein, and carbohydrate intake in
every two rounds of surveys is presented in Fig. 2. Gener-
ally, the variation in dietary fat, protein, and carbohydrate
intake between urban and rural areas was greater in the
former two rounds (2004 vs. 1991) than in the latter two
rounds (2015 vs. 2004) (p<0.001). Specifically, the varia-
tion of dietary energy intake decreased from 215.4 kcal/d
to 43.3 kcal/d, from 436.5 kcal/d to 23.7 kcal/d, and from
234.5 kcal/d to 118.2 kcal/d in the eastern, central, and
western districts, respectively. Moreover, the variation
of fat intake decreased from —6.9 g/d, 4.5 g/d and 1.4 g/d
to -5.6 g/d,0.4 g/d and 0.9 g/d, protein intake decreased
from 7.0 g/d,12.0 g/d and 7.4 g/d to 1.5 g/d,0.7 g/d and
0.5 g/d, and carbohydrate intake decreased from 58.1 g/d,
86.4 g/d and 48.8 g/d to 24.9 g/d,13.5 g/d and 41.9 g/d in
the above three areas, respectively.

Discussion

Based on more than two decades of data from the
CHNS, the current study provides useful information on
the nutritional status of Chinese WCA. This is the first
attempt, to our knowledge, to gain access to the nutri-
tion of Chinese WCA, with a focus on urban-rural and
geographic differences, through the interpretation of
a longitudinal study on nutritional status. China has
achieved significant progress in WCA nutrition. We did
notice, however, that Chinese WCA were making a rapid
nutritional shift to a high-fat diet over time. Meanwhile,
in the distribution of dietary energy consumption and
macronutrient composition, there were persisting urban-
rural and geographic differences. In comparison to other
groups, WCA in urban western China consumes higher
dietary fat.

Over the last two decades, China has experienced fast
economic expansion and significant urbanization. In
the meantime, the Chinese people are undergoing a sig-
nificant nutritional shift. The current study found that
the amount of dietary energy consumed by Chinese
WCA decreased over time. In 2015, the average daily
energy intake was 1,870 kcal, which was higher than the
Moroccan study but lower than the Tunisian women’s



Page 5 of 10

(2023) 22:23

Zhao et al. Nutrition Journal

sieak AoAuns ||e ssoude

dnoib-gns yoes ur spuaiyuedyIubIs , ‘Bujunp ‘Bupjows Vd ‘|Wg ‘BWOdUI ‘UOIIBINPS ‘SN1R)S [e3LIBW 404 PRISN[pe sanjep ¢ ‘Sxeiul ABiaua A1eialp jo abejuadiad ‘39, 'sasayiuaied ui(3s) 10413 prepuels pue abejuadiad ues|y

0000 068y (€099 (r0)6C9 0000 (Cl0laq4 (60)CCs (80)¥'SS 0000 ¥0)0Ly (50)009 ¥0)819 (3%)1e1pAY0gIED
0000  (90)98¢ (S0)0°LT (019t 0000 oLy (€0)L¥E (€0)80¢ 0000 (ro)ze6s (S0)E'8C (F0)9's (3%)1e4
0000 @e)Lsee (lv)egee Cv)cely 0000 (9°€)6'50C (90029t (S€)T60s 0000 (ee)sece (®€)L9ce (6°€)T86€ (p/B)2101pAYOGIED
0000  (L'1)S09 (e (£0)T69 0000 (£0)9%9 (90)8'99 (90559 0000 (600129 O1)€9 (90)989 (p/B)uii01d
0000  (0Q)L€ (S1)£99 €nTLe 0000 (€1)568 FoLveL (1'€)Ts9 0000 (01)9s8 (601229 ongLo (p/6)1e4
0000 Ao‘omvm.wmm L (9s1)ST9lT  (8/1)8'T8KC 0000 (conesl  (rrleeooc  (/1)1680T 0000 ©€ealel  (Fcasocle  (§61)09Tve (p/1e2%)ABI13U3
TIESTETTY
0000 (90)6'CS (0579 (r0)L'79 0000 (80)9°5K o)es (Lo)Ls 0000 (50)505 #0829 (F0)8'19 (3%)1IpAYogIeD
0000 Q0)Tre (50)9'9¢ (ro)Tse 0000 (80)0°L¥ (Lvee (L0)oge 0000 (#0)S59¢ wo)se (70)0'9¢ (39)1e4
0000  (1'9)€€9C Ay (L'v)v¥or 0000 F9)88le (8'9)6'69¢C (090o0ze 0000 (S1)S8KC (Secele ®erelvy (p/B)31e1pAY0GIRD
0000 (LS9 (6:0)6'59 (o)LL 0000 (S1EW9 (8'1)069 (€'1)€89 0000 (600729 (80)7'99 (90)8'5L (p/B)ut104d
0000  (L'O¥vL (€1)€9 (€'1)96S 0000 (60)c68 (CraYaa:; (Cralona 0000 (£'1)86L (€71)999 (6’19 (p/6)1e4
0000 (0008061 (L'TOOLSLE  (TlD)L€0LT 0000 (S/0)€0s61  (€00)890lC  (£'80)6TCTT 0000 (£'S00%96L  (900)€Evrle  (1'61)/ 99T (p/1e23)ABI12u3
lenua)
0000  (#0)9CS (F0)L'LS (€0)T99 0000 (F0)861 (6:0)795 (90)109 0000 (oL (€0)0°£S (€059 (39)31e1pAY0qIRD)
0000 Fo)Lree ((4OINS (€0S1e 0000 (#0)0'sE o1)8ve (90)59¢ 0000 (€0)Tve (€0)L0€ (co)ee (39%)re4
0000  (6€)CHiC (6aLL6C (£€) 08y 0000 (9€)6'9¢C (€06'87C Sy Lee 0000 (£06'9¢C (L0)T98C (Se)LSly (p/B)a1e1pAYOGIED
0000  (60)C9 (90)8'59 (L0)95L 0000 (L'DL9 00089 (CavEav 0000 (L0 %9 (90)999 ©Qo)l'sz (p/B)u10)d
0000 ¥'1)s0L (Lo (LI'1)£09 0000 (|1)9¢s (€€)86L (LavoL 0000 ez (LI1)re9 01)929 (p/6)1e4
0000  (0¥Q)0S98L  (8ZL)L'ELOC  (€81)0°€9SC 0000 (e9L)9v8l  (L'Z1)SLs6L (€10 998¢C 0000 (ILesssl (9910900 (CLL)06CST (p/1e2%)Ab19u3
uJayseq

puan-d SLoz 00T 1661 puan-d sLoz 00T L661 puan-d S10¢ 00T L66L

|einy uequn llesdn0

5102~ 1661'PUNOY SNHD Woly 1211sIp pue uoibai Ag uoiisodwod 1uskinuoldew pue Abisus AIe1sip ay1 Ul spuall € ajqel



Zhao et al. Nutrition Journal (2023) 22:23

7

1991 2004 2015

100.0
90.0
80.0
70.0
60.0

= 50.0
40.0
30.0
20.0
10.0

0.0

1991 2004 2015 1991 2004 2015

Eastern Central Western

—@— rural —@— urban

(a)

Page 6 of 10

e

1991 2004 2015

90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

%

1991 2004 2015 1991 2004 2015

Eastern Central Western

—@—rural  =——@=urban

(b)

Fig. 1 Trends of the proportion of participants with more than 30% of energy from fat and less than 50% of energy from carbohydrate from1991 to
2015 (a) The proportion of participants with more than 30% of energy from fat; (b) The proportion of participants with less than 50% of energy from

carbohydrate

Table 4 Trends of the Urban-Rural Disparities in the Energy and Macronutrient Composition by region and district from CHNS

Round,1991-2015'~

1991 2004 2015 _p-

Urban-rural  P-value Urban-rural  P-value Urban- rural P-value trend
Eastern
Energy(kcal/d) -277.0(4.6) 0.000 -61.6(2.6) 0.000 -18.3(1.6) 0.227 0.000
Fat(g/d) 15.7(3.0) 0.000 8.8(0.6) 0.008 3.2(0.3) 0.162 0.000
Protein(g/d) -3.8(0.6) 0.000 3.2(0.6) 0.000 4.7(0.5) 0.001 0.000
Carbohydrate(g/d) -100.3(5.6) 0.000 -42.2(0.4) 0.000 -17.3(1.4) 0.002 0.000
Fat(%kE) 5.0(0.6) 0.000 4.7(0.3) 0.000 1.3(0.6) 0.039 0.000
Carbohydrate(%E) -6.1(0.7) 0.000 -6.5(0.1) 0.000 -2.7(0.6) 0.000 0.000
Central
Energy(kcal/d) -480.8(1.7) 0.000 -44.2(1.7) 0.000 -20.5(0.5) 0.707 0.000
Fat(g/d) 14.5(0.8) 0.000 16.0(1.3) 0.000 16.4(0.1) 0.000 0.000
Protein(g/d) -8.9(0.9) 0.000 3.1(0.2) 0.038 3.8(0.1) 0.136 0.000
Carbohydrate(g/d) -144.4(1.7) 0.000 -58.0(0.8) 0.000 -44.5(04) 0.000 0.000
Fat(%E) 5.1(0.76) 0.000 5.8(0.2) 0.000 6.8(0.3) 0.000 0.000
Carbohydrate(%E) -5.6(0.8) 0.000 -10.8(0.4) 0.000 -7.4(0.7) 0.000 0.000
Western
Energy(kcal/d) -393.7(2.9) 0.000 -159.2(1.0) 0.009 -41.0(0.8) 0.396 0.000
Fat(g/d) 4.0(0.6) 0.000 5.4(04) 0.001 6.3(0.5) 0.028 0.000
Protein(g/d) -3.7(0.7) 0.036 3.7(0.1) 0.000 4.2(0.1) 0.019 0.000
Carbohydrate(g/d) -119.9(1.8) 0.000 -71.1(0.7) 0.000 -29.2(0.2) 0.000 0.000
Fat(%E) 6.2(0.6) 0.000 6.7(0.9) 0.000 6.9(0.1) 0.002 0.000
Carbohydrate(%E) -7.5(0.7) 0.000 -5.4(1.0) 0.000 -4.2(0.2) 0.000 0.000

" Mean percentage and standard error (SE)in parentheses,?%E, percentage of dietary energy intake, > Values adjusted for, marital status, education, income, BMI, PA,
smoking, drinking, # Significant trends in each sub-group across all survey years.> Negative number means urban is smaller than rural

consumption [30, 31]. This study indicated that dietary
fat intake and the proportion of people who get more
than 30% of their energy from fat increased significantly,
which is comparable with earlier Chinese studies in vari-
ous age groups [32]. Excessive intake of fat may lead to
obesity, which is also a risk factor for maternal and neo-
natal mortality. There is growing evidence that the preva-
lence of obesity among women in China has risen sharply
over the past few decades, reflecting the need for more

measures to achieve and maintain a healthy weight [33].
Furthermore, PA behavior influences the health and well-
being of WCA and their children [34]. Our study found
that the BMI of participants showed a significant upward
trend, while PA showed a notable downward trend, which
is generally consistent with the research trend found in
children and the elderly in China [24]. These results indi-
cated that with economic development and social transi-
tion, WCA has transformed their lifestyle by increasing
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unhealthy eating and sedentary behaviors, resulting in a
sharp increase in overweight and obesity in China, which
is consistent with findings from Latin American women
[1].

A previous study reported that commercial logis-
tics facilities in rural areas remain weak and vulnerable,
which hampers rural consumption. The food consum-
ers of urban residents mainly rely on market supply,
while the rural population mainly relies on self-produced
agricultural products [35]. In the present study, urban
WCA participants were found to have more dietary fat
than rural participants. Consistent with our findings, a
previous Brazil cohort study reported that urban/highly
industrialized women were more likely to have unhealthy
eating habits [36]. In Chinese WCA, there were still obvi-
ous geographic disparities with temporal variation in
macronutrient intake. In 2015, WCA in urban western
China had the highest dietary fat intake, with the highest
proportion of energy from fat (81.7%) and carbohydrates
(72.1%) beyond the range of DRI. Meanwhile, WCA
from rural western China had the least dietary protein
intake in the country. This may be since living in western
regions, especially in rural areas, with relatively limited
resources, complex terrain, and different cultural and

dietary traditions, all leads to the complexity of providing
adequate health care and affordable nutritious food [37].
China has a remarkable urban-rural dual economic
structure, as well as regional differences in economic
structure. To narrow the gaps between regions and pro-
mote balanced and coordinated development between
urban and rural areas, the Chinese government has
promulgated a series of policies and measures [38]. A
recent preliminary evaluation study on the Rural Primary
Health Care (RPHC) program in China pointed out that
western China’s RPHC has proceeded well, but remains
weaker than that of eastern and central China [39]. Spe-
cifically, western regions had the highest under-5 mortal-
ity rates and neonatal mortality rates compared with the
eastern and central regions of China in 2015 [40]. Despite
remarkable progress in maternal survival in China, sub-
stantial disparities remain, especially for the poor, less
educated, and ethnic minority groups in remote areas
in western China [41]. Meanwhile, economic conditions
and health services in the western regions are relatively
less underdeveloped than in other regions [42]. Further
research on the causes of unequal nutrient intake across
the socioeconomic context is warranted to provide sci-
entific triage information for policymakers that could
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improve the nutritional status of WCA and provide an
adequate environment for the developing fetus.

Nutritional knowledge and attitudes are important fac-
tors in dietary habits. They are essential for good preg-
nancy outcomes and for improving the nutritional status
of their children [43]. Findings from the UK and Ire-
land indicated that the nutrition knowledge and skills of
WCA have a positive impact on women’s nutritional out-
comes [44]. Nutrition-related education generally seeks
to increase nutritional knowledge and attitude, thereby
influencing dietary practices towards a healthier dietary
pattern. Our research reported that despite the increased
proportion of higher educated WCA, however, the pro-
portion of unhealthy diets has not decreased over time.
This suggests the need to provide targeted guidance on
dietary knowledge education for Chinese WCA.A previ-
ous study found that WCA has a low level of nutritional
knowledge and a positive attitude toward receiving nutri-
tional knowledge, but they practice a healthy diet infre-
quently [45]. These findings have implications for future
public strategies to strengthen nutrition propaganda
and education on a balanced diet for WCA to help them
improve their nutritional status, especially for those liv-
ing in western China.

Although the present research is significant and novel
in some respects, certain limitations should be consid-
ered when interpreting the results. First, our findings
were based on three consecutive 24-hour dietary recall
methods, and the associated over or underestimation of
dietary energy and macronutrient intakes is a common
situation with such dietary assessment tools. Second,
dietary energy and macronutrients existed in a vari-
ety of foods, but this study did not estimate the specific
types of food consumption by food groups, which makes
it impossible for us to consider which food causes the
above unreasonable diet, to further provide suggestions
on food frequency for Chinese WCA.

Conclusions

The Chinese WCA was undergoing a dramatic nutri-
tional transformation to an unhealthy, high-fat diet. In
the distribution of dietary energy intake and macronu-
trient composition in the Chinese WCA, obvious urban-
rural and geographic disparities persisted. Policymakers
should adopt more targeted policies and dietary improve-
ment approaches in urban and rural areas and between
different regions of China, as well as strengthen nutrition
promotion and education on a balanced diet, especially
for those living in western China.

Abbreviations

WCA women of childbearing age

CHNS China Health and Nutrition Survey

DRIs the Chinese Dietary Reference Intake Standards
NCDs Non-communicable Disease

Page 8 of 10

CFCT the Chinese Food Composition Table
Midbody ~ Mass Index

PA Physical Activity

MET Metabolic Equivalent of Task

Acknowledgements

We would like to appreciate the participants and assistants from the National
Institute for Nutrition and Health, Chinese Center for Disease Control and
Prevention for their help in this study.

Authors’ contributions

Conceptualization, Huijun Wang and Chang Su; formal analysis, Jian Zhao;
writing—original draft preparation, Jian Zhao; writing—review and editing,
Huijun Wang, Jian Sun, and Lijun Zuo . All authors have read and agreed to the
published version of the manuscript.

Funding

This research was funded by the Fundamental Research Funds for the Central
Universities (3332022039); the National Key R & D Program of China (2017
YFEQ104600); the National Institutes of Health, USA (RO1-HD30880, DK056350,
R24 HD050924, and RO - HD38700) and Danone Institute China Diet Nutrition
Research & Communication Grant (DIC 2020-02).

Data Availability

The datasets generated during and/or analyzed during the current study are
not publicly available but are available from the corresponding author on
reasonable request and approval from the ethics committee.

Declarations

Ethics approval and consent to participate

Ethical Approval and Consent to participate was approved by the ethics
committee of the National Institute for Nutrition and Health at the Chinese
Center for Disease Control and Prevention (N0.201524).All participants
provided written informed consent for participation in this study.

Consent for publication
Consent is available for publication.

Competing interests
The authors declare no conflict of interest.

Author details

'Department of Epidemiology and Statistics, Institute of Basic Medical
Sciences, School of Basic Medicine, Chinese Academy of Medical
Sciences, Peking Union Medical College, Beijing 100005, China
’Aerospace Information Research Institute, Chinese Academy of Sciences,
Beijing 100101, China

3School of Public Health and Management, Ningxia Medical University,
Yinchuan 750004, China

“National Institute for Nutrition and Health, Chinese Center for Disease
Control and Prevention, Beijing 100050, China

Received: 12 September 2022 / Accepted: 24 April 2023
Published online: 09 May 2023

References

1. Herrera-Cuenca M, Previdelli AN, Koletzko B, Hernandez P, Landaeta-Jimenez
M, Sifontes Y, et al. Childbearing Age women characteristics in Latin America.
Building evidence bases for early Prevention. Results from the ELANS Study.
Nutrients. 2020;13(1):45-50. https://doi.org/10.3390/nu13010045.

2. Chen LW, Aubert AM, Shivappa N, Bernard JY, Mensink-Bout SM, Geraghty
AA, et al. Associations of maternal dietary inflammatory potential and
quality with offspring birth outcomes: an individual participant data pooled
analysis of 7 european cohorts in the ALPHABET consortium. PLoS Med.
2021;18(1):21003491. https://doi.org/10.1371/journal pmed.1003491.

3. Stiller CK, Golembiewski SKE, Golembiewski M, Mondal S, Biesalski HK,
Scherbaum V. Maternal nutritional status and child feeding practices:


http://dx.doi.org/10.3390/nu13010045
http://dx.doi.org/10.1371/journal.pmed.1003491

Zhao et al. Nutrition Journal

20.

21.

22.

(2023) 22:23

a retrospective study in santal communities, Birbhum District, West

Bengal, India. Int Breastfeed J. 2020;15(1):50. https://doi.org/10.1186/
$13006-020-00262-3.

Su C,Wang H, Wang Z, Zhang J, DuWW, Zhang J, et al. Status and trend of
fat and cholesterol intake among chinese middle and old aged residents in
9 provinces from 1991 to 2009. J Hyg Res. 2013;42(1):72-7. http://dx.doi.org/.
Chinese.

Zhao YF, Wang ZQ, Yang J, Wang LM, Zhao ZP, Zeng XY, et al. [Prevalence,
awareness, status of treatment and control on type 2 diabetes mellitus
among chinese premenopausal women aged 18-49 in 2013]. Zhonghua

Liu Xing Bing Xue Za Zhi. 2018;39(2):213-7. https://doi.org/10.3760/cma,j.i
ssn.0254-6450.2018.02.015. Chinese.

Fang H, Guo Q Ju L, Li S, Xu X, Piao W, et al. Weight status and self-perception
of Weight among Women of Childbearing Age -China, 2015. China CDC Wkly.
2021;3(9):185-8. https://doi.org/10.46234/ccdcw2021.056.

Beluska-Turkan K, Korczak R, Hartell B, Moskal K, Maukonen J, Alexander DE,
et al. Nutritional gaps and supplementation in the First 1000 days. Nutrients.
2019;11(12):2891. https://doi.org/10.3390/nu11122891.

Teixeira JA, Castro TG, Grant CC, Wall CR, Castro ALDS, Francisco RPV, et al.
Dietary patterns are influenced by sociodemographic conditions of women
in childbearing age: a cohort study of pregnant women. BMC Public Health.
2018;18(1):301-2. https://doi.org/10.1186/512889-018-5184-4.

BuT,Tang D, Liu Y, Chen D. Trends in Dietary patterns and Diet-related behav-
iors in China. Am J Health Behav. 2021;45(2):371-83. https://doi.org/10.5993/
AJHB45.2.15.

Zhou X, Yang X. Association between obesity and oligomenorrhea or irregu-
lar menstruation in chinese women of childbearing age: a cross-sectional
study. Gynecol Endocrinol. 2020;36(12):1101-5. https://doi.org/10.1080/0951
3590.2020.1803823.

Yan H, Dang S, Zhang Y, Luo S. Dietary patterns of Chinese women of
childbearing age during pregnancy and their relationship to the neo-

natal birth weight. Nutr J 2020, 19(1): 89-90. https://doi.org/10.1186/
$12937-020-00607-y.

SunY, Shen Z, Zhan Y,Wang Y, Ma S, Zhang S, et al. Effects of pre-pregnancy
body mass index and gestational weight gain on maternal and infant
complications. BMC Pregnancy Childbirth. 2020;20(1):390-5. https://doi.
0rg/10.1186/512884-020-03071-y.

Tian X, Wu M, Zang J, Zhu Y, Wang H. Dietary diversity and adiposity in
chinese men and women: an analysis of four waves of cross-sectional
survey data. Eur J Clin Nutr. 2016;71(4):506-11. https://doi.org/10.1038/
€jcn.2016.212.

Zhang K, Dai L, Wu M, Zeng T, Yuan M, Chen Y. Women's experience of psy-
chological birth trauma in China: a qualitative study. BMC Pregnancy Child-
birth 2020,20(1):651-5. doi: https://doi.org/10.1186/512884-020-03342-8.
National Bureau of Statistics of China. 2019. China Statistical Year book: Mater-
nal health. http://www.stats.gov.cn/tjsj/ndsj/2019/indexeh.htm.

Zhang H, CaoY, Man Q, Li Y, Lu J, Yang L. Study on Reference Range of Zinc,
Copper and Copper/Zinc Ratio in Childbearing Women of China. Nutrients
2021,13(3):946-50. https://doi.org/10.3390/nu13030946.

Jiang K, Liang L, Wang H, Li J, LiY, Jiao M, et al. Sociodemographic determi-
nants of maternal health service use in rural China: a cross-sectional study.
Health Qual Life Outcomes. 2020;18(1):201-10. https://doi.org/10.1186/
$12955-020-01453-6.

Liu C, Zhong C, Chen R, Zhou X, Wu J, Han J, et al. Higher dietary vitamin C
intake is associated with a lower risk of gestational diabetes mellitus: a longi-
tudinal cohort study. Clin Nutr. 2020;39(1):198-203. https://doi.org/10.1016/j.
clnu.2019.01.015.

Lin 'S, Jiang L, Zhang Y, Chai J, Li J, Song X, et al. Socioeconomic sta-

tus and vitamin D deficiency among women of childbearing age: a
population-based, case-control study in rural northern China. BMJ Open.
2021;11(3):2042227.10. 11 36 /bmjopen-2020-042227.

Zhang J, Wang D, Eldridge AL, Huang F, OuyangY, Wang H et al. Urban-Rural
Disparities in Energy Intake and Contribution of Fat and Animal Source Foods
in Chinese Children Aged 4-17 Years.Nutrients.2017,9(5):526. https://doi.
0rg/10.3390/nu9050526.

Zhang J, Wang H, Wang Z, Huang F, Zhang X, Du W et al. Trajectories of
Dietary Patterns and Their Associations with Overweight/Obesity among
Chinese Adults: China Health and Nutrition Survey 1991-2018. Nutri-
ents,2021;13(8):2835-7. https://doi.org/10.3390/nu13082835.

Ouyang Y, Tan T, Song X, Huang F, Zhang B, Ding G et al. Dietary Pro-

tein Intake Dynamics in Elderly Chinese from 1991 to 2018. Nutri-
ents.2021;13(11):3806-3810. doi: 10.3390/ nu13 1 13806.

23.

24.

25.

26.

27.

28.

29.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

Page 9 of 10

Popkin BM, Du S, Zhai F, Zhang B. Cohort profile: the China health and nutri-
tion survey - monitoring and understanding socio-economic and health
change in China, 1989-2011. Int J Epidemiol. 2010;39(6):1435-40. https.//doi.
org/10.1093/ije/dyp322.

Zhao J, Zuo L, Sun J, Su C, Wang H. Trends and Urban-Rural Disparities of
Energy Intake and Macronutrient composition among chinese children: find-
ings from the China Health and Nutrition Survey (1991 to 2015). Nutrients.
2021;13(6):1933-4. https://doi.org/10.3390/nu13061933.

Hu X, Jiang H, Wang H, Zhang B, Zhang J, Jia X et al. Intraindividual Double
Burden of Malnutrition in Chinese Children and Adolescents Aged 6-17
Years: Evidence from the China Health and Nutrition Survey 2015. Nutri-
ents.2021;13(9):3097-3100. https://doi.org/10.3390/nu13093097.

Song X, Wang H, Su C, Wang Z, DuW, Huang F et al. Trajectories of Energy
Intake Distribution and Risk of Dyslipidemia: Findings from the China Health
and Nutrition Survey (1991-2018). Nutrients.2021;13(10):34883495. https://
doi.org/10.3390/nu13103488.

Lee SJ, Hashmi AH, Min AM, Gilder ME, Tun NW, Wah LL, et al. Short maternal
stature and gestational weight gain among refugee and migrant women
birthing appropriate for gestational age term newborns: a retrospective
cohort on the Myanmar-Thailand border, 2004-2016. BMJ Glob Health.
2021;6(2):e004325. https://doi.org/10.1136/bmjgh-2020-004325.

Ekelund U, Steene JJ, Brown WJ, Fagerland MW, Owen N, Powell KE, et al.
Does physical activity attenuate, or even eliminate, the detrimental associa-
tion of sitting time with mortality? A harmonised meta-analysis of data from
more than 1 million men and women. Lancet. 2016;388(10051):1302-10.
https://doi.org/10.1016/S0140-6736(16)30370-1.

Hu'Y, Chen J,Wang R, Li M, Yun C et al. Vitamin D Nutritional Status and its
Related Factors for Chinese Children and Adolescents in 2010-2012. Nutri-
ents.2017;9(9):1024. https://doi.org/10.3390/nu9091024.

Barich F, Laamiri FZ, Mehdad S, Benaich S, Rami A, Idrissi M, et al. Energy and
Macronutrients Intakes among Childbearing Age Women living in the Urban
Area of Morocco: a cross-sectional study. J Nutr Metab. 2020;11:2685809.
https://doi.org/10.1155/2020/2685809.

Abassi MM, Sassi S, EI AJ, Ben GH, Delpeuch F, Traissac P. Gender inequalities
in diet quality and their socioeconomic patterning in a nutrition transition
context in the Middle East and North Africa: a cross-sectional study in Tunisia.
Nutr J. 2019;18(1):18. https://doi.org/10.1186/512937-019-0442-6.

Zhao J, Su C,Wang HJ, Wang ZH, Wang Y, Zhang B. Secular Trends in

Energy and Macronutrient Intakes and Distribution among Adult Females
(1991-2015): Results from the China Health and Nutrition Survey. Nutri-
ents.2018;10(2):115-120. https:.//doi.org/10.3390/nu10020115.

Hua J, Zhang L, Gao D, Huang Y, Ning P, Cheng P, et al. Prevalence of over-
weight and obesity among people aged 18 years and over between 2013
and 2018 in Hunan, China. Int J Environ Res Public Health. 2020;17(11):4048.
https://doi.org/10.3390/ijerph17114048.

Ngongalah L, Rankin J, Rapley T, Odeniyi A, Akhter Z, Heslehurst N. Dietary
and physical activity behaviours in african migrant women living in High
Income Countries: a systematic review and Framework Synthesis. Nutrients.
2018;10(8):1017-20. https://doi.org/10.3390/nu10081017.

Evang EC, Habte TY, Owino WO, Krawinkel MB. The Nutritional and Micronu-
trient Status of Urban Schoolchildren with Moderate Anemia is better than
in a rural area in Kenya. Nutrients. 2020;12(1):207. https://doi.org/10.1515/
aiht-2017-68-2939.

Ljubici¢ M, Sari¢ MM, Bari¢ IC, Rumbak |, Komes D, Satali¢ Z, et al. Consumer
knowledge and attitudes toward healthy eating in Croatia: a cross-sectional
study. Arh Hig Rada Toksikol. 2017;68(2):153-8. https://doi.org/10.3390/
nu12010207.

Qu P, Mi B, Wang D, Zhang R, Yang J, Liu D et al. Association between the
Infant and Child Feeding Index (ICFI) and nutritional status of 6- to 35-month-
old children in rural western China. PLoS One.2017;12(2): e0171984. doi: 10.
13 71/journal.pone.0171984.

Zhang R, Li S, Li C, Zhao D, Guo L, Qu P et al. Socioeconomic inequalities
and determinants of maternal health services in Shaanxi Province, Western
China. PLoS One. 2018; 13(9): 02021 29. doi: https://doi.org/10.1371/journal.
pone.0202129.

Wang M, Fang H, Bishwajit G, Xiang Y, Fu H, Feng Z. Evaluation of Rural
Primary Health Care in Western China: a cross-sectional study. Int J

Environ Res Public Health. 2015;12(11):13843-60. https://doi.org/10.3390/
lerph121113843.

He C, Liu L, ChuY, Perin J, Dai L, Li X, et al. National and subnational all-cause
and cause-specific child mortality in China, 1996-2015: a systematic analysis


http://dx.doi.org/10.1186/s13006-020-00262-3
http://dx.doi.org/10.1186/s13006-020-00262-3
http://dx.doi.org/10.3760/cma.j.issn.0254-6450.2018.02.015
http://dx.doi.org/10.3760/cma.j.issn.0254-6450.2018.02.015
http://dx.doi.org/10.46234/ccdcw2021.056
http://dx.doi.org/10.3390/nu11122891
http://dx.doi.org/10.1186/s12889-018-5184-4
http://dx.doi.org/10.5993/AJHB.45.2.15
http://dx.doi.org/10.5993/AJHB.45.2.15
http://dx.doi.org/10.1080/09513590.2020.1803823
http://dx.doi.org/10.1080/09513590.2020.1803823
http://dx.doi.org/10.1186/s12937-020-00607-y
http://dx.doi.org/10.1186/s12937-020-00607-y
http://dx.doi.org/10.1186/s12884-020-03071-y
http://dx.doi.org/10.1186/s12884-020-03071-y
http://dx.doi.org/10.1038/ejcn.2016.212
http://dx.doi.org/10.1038/ejcn.2016.212
http://dx.doi.org/10.1186/s12884-020-03342-8
http://www.stats.gov.cn/tjsj/ndsj/2019/indexeh.htm
http://dx.doi.org/10.3390/nu13030946
http://dx.doi.org/10.1186/s12955-020-01453-6
http://dx.doi.org/10.1186/s12955-020-01453-6
http://dx.doi.org/10.1016/j.clnu.2019.01.015
http://dx.doi.org/10.1016/j.clnu.2019.01.015
http://dx.doi.org/10.3390/nu9050526
http://dx.doi.org/10.3390/nu9050526
http://dx.doi.org/10.3390/nu13082835
http://dx.doi.org/10.1093/ije/dyp322
http://dx.doi.org/10.1093/ije/dyp322
http://dx.doi.org/10.3390/nu13061933
http://dx.doi.org/10.3390/nu13093097
http://dx.doi.org/10.3390/nu13103488
http://dx.doi.org/10.3390/nu13103488
http://dx.doi.org/10.1136/bmjgh-2020-004325
http://dx.doi.org/10.1016/S0140-6736(16)30370-1
http://dx.doi.org/10.3390/nu9091024
http://dx.doi.org/10.1155/2020/2685809
http://dx.doi.org/10.1186/s12937-019-0442-6
http://dx.doi.org/10.3390/nu10020115
http://dx.doi.org/10.3390/ijerph17114048
http://dx.doi.org/10.3390/nu10081017
http://dx.doi.org/10.1515/aiht-2017-68-2939
http://dx.doi.org/10.1515/aiht-2017-68-2939
http://dx.doi.org/10.3390/nu12010207
http://dx.doi.org/10.3390/nu12010207
http://dx.doi.org/10.1371/journal.pone.0202129
http://dx.doi.org/10.1371/journal.pone.0202129
http://dx.doi.org/10.3390/ijerph121113843
http://dx.doi.org/10.3390/ijerph121113843

Zhao et al. Nutrition Journal (2023) 22:23

with implications for the Sustainable Development Goals. Lancet Glob
Health. 2017;5(16):e186-97. https://doi.org/10.1016/52214-109X.

41, GaoY, Zhou H, Singh NS, Powell JT, Nash S, Yang M, et al. Progress and chal-
lenges in maternal health in western China: a countdown to 2015 national
case study. Lancet Glob Health. 2017;5(2):e523-36. https://doi.org/10.1016/
S2214-109X. (17)30100-6.

42. Wang, Li X, Zhou M, Luo S, Liang J, Liddell CA, et al. Under-5 mortality in
2851 chinese counties, 1996-2012: a subnational assessment of achiev-
ing MDG 4 goals in China. Lancet. 2016;387(10015):273-83. https://doi.
0rg/10.1016/50140-6736.

43, Saaka M, Wemah K, Kizito F, Hoeschle-Zeledon I. Effect of nutrition behavior
change communication delivered through radio on mothers' nutritional
knowledge, child feeding practices and growth. J Nutr Sci. 2021;7(10):e44.
https://doi.org/10.1017/jns.2021.35.

44,

Page 10 of 10

O'Kane SM, Pourshahidi LK, Farren KM, Mulhern MS, Strain JJ, Yeates AJ. lodine
knowledge is positively associated with dietary iodine intake among women
of childbearing age in the UK and Ireland. Br J Nutr. 2016;18:1-8. https://doi.
0rg/10.1017/50007114516003925.

45.  Weerasekara PC, Withanachchi BCR, Bginigaddara GAS, Ploeger A. Food and
Nutrition Related Knowledge, Attitudes, and Practices among Reproductive-
Age Women in marginalized Areas in Sri Lanka. Int J Environ Res Public
Health. 2020;17(11):3985. https://doi.org/10.3390/ijerph17113985.
Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://dx.doi.org/10.1016/S2214-109X
http://dx.doi.org/10.1016/S2214-109X
http://dx.doi.org/10.1016/S2214-109X
http://dx.doi.org/10.1016/S0140-6736
http://dx.doi.org/10.1016/S0140-6736
http://dx.doi.org/10.1017/jns.2021.35
http://dx.doi.org/10.1017/S0007114516003925
http://dx.doi.org/10.1017/S0007114516003925
http://dx.doi.org/10.3390/ijerph17113985

	﻿Geographic and urban–rural disparities in dietary energy and macronutrient composition among women of childbearing age: findings from the China health and nutrition survey,1991–2015
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and subjects
	﻿Dietary data collection
	﻿Sociology-demographic data and anthropometrics
	﻿Statistical analyses

	﻿Results
	﻿Characteristics of the study participants
	﻿Trends in energy intake and macro-nutrient composition
	﻿Trends of urban-rural disparities

	﻿Discussion
	﻿Conclusions
	﻿References


