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ABSTRACT
Background: Although a high prevalence of anemia and related
disease burden have been documented in China, limited evidence
is available on the current population-level iron status and risk
factors for iron imbalance.
Objective: We explored the associations of dietary, lifestyle, and
sociodemographic factors with iron status in Chinese adults.
Design: Our study population consisted of 7672 adults aged 18–
65 y from the 2009 China Health and Nutrition Survey. Diet was
assessed with the use of 3 consecutive 24-h dietary recalls. Serum
ferritin, serum transferrin receptor, and hemoglobin concentrations
were measured.
Results: The geometric means 6 SDs for ferritin concentrations
were 135.9 6 2.7 ng/mL in men and 42.7 6 3.1 ng/mL in women.
After adjustment for potential risk factors, including high-sensitivity
C-reactive protein concentration, the association between age and
ferritin concentration was inverse in men (P-trend , 0.001) and
positive in women (P-trend , 0.001). We observed a positive as-
sociation between body mass index (in kg/m2) and ferritin concen-
tration in both men and women (both P-trends , 0.001). Dietary
phytate intake was inversely associated with ferritin concentration
in men (P-trend = 0.002) but not in women. Red meat consumption
was positively associated with ferritin concentration both in men
(P-trend = 0.002) and in older women (P-trend = 0.009). Lower
intakes of grains and higher intakes of pork and poultry were asso-
ciated with higher ferritin concentrations (all P-trends # 0.05) in
men but not in women. We observed variations in ferritin concen-
trations across different geographic regions (both P # 0.01).
Conclusions: Serum ferritin concentrations varied across differ-
ent sociodemographic, lifestyle, and dietary factors in this Chi-
nese population. A higher intake of red meat was associated with
higher ferritin concentrations in men and older women. Am J
Clin Nutr 2017;105:503–12.
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INTRODUCTION

Body iron stores are involved in multiple biological functions,
including electron transfer reactions, gene regulation, binding
and transport of oxygen, and regulation of cell growth and dif-
ferentiation (1). Iron-deficient individuals may suffer from

symptoms such as fatigue, dizziness, shortness of breath, and
muscle weakness and have impaired work capacity and immune
function (2). Serum ferritin concentration is the most specific
biochemical test for measuring total body iron stores (2), al-
though its usefulness in the presence of inflammation and iron
depletion may be limited (3). The serum transferrin receptor:
ferritin ratio (TfR:F)7 index has been proposed as an alterna-
tive to serum ferritin concentration for measuring iron stores
because of its potential to offer additional information on
functional iron quantified by serum transferrin receptor con-
centration (4). Multiple dietary, lifestyle, and sociodemo-
graphic factors have been related to body iron stores in
Western populations. Dietary factors such as dietary heme and
nonheme iron (5–9), alcohol consumption (5, 6), vitamin C
intake (6, 10), consumption of meat (11–14) and fish (11), a
dietary pattern featuring high vegetable and red meat intakes
(14) and iron supplementation (5, 6) were positively associ-
ated with higher body iron stores, as measured by ferritin
concentrations. Nondietary factors such as age (5, 6, 11), time
since menopause (5), menopausal status (11), blood donation,
BMI (5, 9), physical activity (5), aspirin use (5), gastrointes-
tinal ulcer (5), sex (6, 9), race and ethnicity (15), menstrual
blood loss (13), serum hepcidin (16), and genetic factors such
as the hemochromatosis C282Y mutation (13) were also re-
lated to iron status.

In China, iron deficiency anemia still remains the most
important nutritional disorder. According to the Global Burden
of Disease Study 2010, iron deficiency anemia in China ranked
as the top contributor to disease burden within the category of
communicable, maternal, neonatal, and nutritional disorders
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(17). The most recent nationwide prevalence of anemia, as
determined by measuring hemoglobin concentration, was
reported by the 2002 China National Nutrition and Health
Survey. The prevalence of anemia was 15.8% in men and 23.3%
in women (18). Despite the high prevalence of anemia and its
related disease burden, there are limited data on iron status,
including hemoglobin concentrations and body iron stores, in
Chinese adults. Although many dramatic changes have oc-
curred in the food supply, dietary behaviors, and national
economy in recent years, nationally representative estimates of
iron status have not been updated for more than a decade (19).
Furthermore, potential determinants of iron status have not
been comprehensively investigated in China, although there is
an imperative need to inform population-level strategies for
iron-deficiency anemia prevention. Therefore, we examined the
associations of dietary, lifestyle, and sociodemographic factors
with body iron status in the 2009 China Health Nutrition Survey
(CHNS). To characterize iron status in detail (2), we examined
a series of biochemical markers, including the TfR:F index and
serum ferritin, serum transferrin receptor, and hemoglobin
concentrations.

METHODS

Study population

CHNS is a large-scale, longitudinal, household-based survey
initiated in 1989 that consists of representative participants of
varying economic status, health indicators, and geography
from rural, urban, and suburban areas throughout China.
CHNS geographically covers 9 provinces in China: Liaoning,
Shandong, Heilongjiang, Henan, Jiangsu, Hubei, Hunan,
Guizhou, and Guangxi. Approximately 56% of China’s total
population lives in these 9 provinces. Although CHNS is not
nationally representative, these provinces were selected to
generally represent variations in geography, economic devel-
opment, and health indicators of all provinces in the country
(20). At baseline (1989), CHNS recruited study participants
with the use of a multistage random-cluster design. Counties
in the sampled provinces were stratified by 3 income levels. A
weighted sampling scheme was used to randomly select 1 low-
income county, 2 middle-income counties, and 1 high-income
county in each sampled province. Probability proportional-
to-size sampling was used to select the sample from these
units. To further incorporate urban areas initially not within the
county strata, the sample population later included the pro-
vincial capital and a low-income city from each province.
Within each county, the township capital was selected, and 3
villages were randomly selected. Within each city, urban and
suburban neighborhoods were randomly selected. For the se-
lection of neighborhoods from townships and villages, the
same random sampling method was applied. Participants were
surveyed at baseline and every 2–3 y thereafter. Our study
population consisted of 7672 (3318 men and 4354 women)
adults aged 18–65 y from the 2009 CHNS. The study protocol
and analysis were approved by the institutional review boards
at the University of North Carolina at Chapel Hill, the Institute
of Nutrition and Food Safety, Chinese Center for Disease
Control and Prevention, and the China-Japan Friendship
Hospital.

Assessment of dietary variables

Dietary data were collected by trained interviewers with the use
of 3 24-h dietary recalls taken on consecutive days. CHNS has
made great efforts to interview participants in the same season in
each survey cycle; most participants were interviewed within a
short period in the fall (21). Nutrient intake, including intakes of
iron, calcium, vitamin C, and total energy, was calculated based on
dietary data and the Chinese Food Composition Table (22). Be-
cause the Chinese Food Composition Table does not include
phytates, we calculated phytate intake based on the phytate content
of foods commonly consumed in China, as measured by Ma et al.
(23). We grouped food consumption into 10 food groups of in-
terest, including red meat, grains, pork, vegetables, fish, poultry,
eggs, tubers, fruits, and milk. Details of dietary information col-
lection can be found elsewhere (24).

Assessment of nondietary variables

Trained interviewers administered questionnaires to collect
information on sociodemographic and household variables.
Participants’ physical activity was assessed with the use of a 7-d
physical activity recall questionnaire that was previously vali-
dated in a Chinese population (25). Metabolic equivalent
values were assigned to each physical activity according to
the Compendium of Physical Activities, and time spent in
moderate-to-vigorous physical activity was computed (25).
Data on body height and weight were collected by trained
health workers through a comprehensive physical examination
conducted at a local clinic or at the respondent’s home if
necessary. Body height was measured without shoes to the
nearest 0.2 cm with the use of a portable stadiometer. Body
weight was measured without shoes and in light clothing to the
nearest 0.1 kg on a calibrated beam scale.

Biochemical analyses

Fasting blood samples were collected in neighborhood clinics
or participants’ homes. Blood samples were collected by veni-
puncture (12 mL) after an overnight fast and centrifuged 30 min
after blood collection, with 3000 3 g for 15 min. Biochemical
markers were measured at a national central laboratory in
Beijing with strict quality control. Serum ferritin was measured
via radioimmunoassay on an XH-6020 gamma counter (Beijing
North Institute of Biotechnology). Hemoglobin concentration in
whole blood was measured with the use of volume, conductivity,
light-scatter technology on a Beckman Coulter LH750. Serum-
soluble transferrin receptor concentration was measured via
nephelometry on a Siemens B-type natriuretic peptide assay.
Serum high-sensitivity C-reactive protein (hs-CRP) concentra-
tions were measured with the use of a high-sensitivity im-
munoturbidmetric method (Hitachi 7600 automated analyzer)
with Denka Seiken reagents. Because acute infection causes an
artificially higher serum ferritin concentration, we multiplied
ferritin values in participants with an hs-CRP $5 mg/L by 0.65
following WHO recommendations (26).

Statistical analysis

Because of sex differences in iron status as reported by pre-
vious studies (18, 27), we performed our analysis separately for
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TABLE 1

Serum ferritin concentrations according to categories of sociodemographic and lifestyle factors1

Men Women

n

Mean,

ng/mL

Multivariable-adjusted

mean (95% CI), ng/mL n

Mean,

ng/mL

Multivariable-adjusted

mean (95% CI), ng/mL

Age, y

18–44 1457 132.8 137.4 (129.5, 145.9) 2196 29.1 28.5 (26.9, 30.1)

45–54 960 132.0 128.7 (119.7, 138.3) 1114 39.3 40.1 (37.3, 43.1)

55–65 901 117.4 118.7 (110.6, 127.4) 1044 81.7 75.2 (69.8, 81.1)

P-trend 0.009 ,0.001 ,0.001 ,0.001

Place of residence

Urban 918 122.4 120.7 (113.0, 128.9) 1093 44.7 41.5 (39.0, 44.3)

Rural 2400 131.1 133.4 (126.5, 140.7) 3261 37.9 39.8 (37.7, 42.0)

P value 0.06 0.008 ,0.001 0.24

Annual income, RMB

,9000 1472 117.9 121.6 (113.3, 130.5) 2660 39.7 39.2 (36.7, 41.8)

9000–15,000 538 133.1 136.5 (125.3, 148.7) 707 39.8 40.4 (37.3, 43.7)

.15,000–25,000 642 130.9 131.3 (121.6, 141.7) 581 38.4 40.3 (37.3, 43.5)

.25,000 666 134.4 131.0 (122.5, 140.1) 406 43.3 43.2 (40.2, 46.4)

P-trend 0.01 0.28 0.07 0.03

BMI, kg/m2

,18.5 173 89.7 89.8 (77.3, 104.2) 210 27.8 36.6 (31.8, 42.1)

18.5–24 1712 113.4 114.2 (107.9, 120.9) 2031 34.4 38.8 (36.7, 41.0)

.24–28 1063 152.0 153.4 (143.7, 163.8) 1101 44.2 42.3 (39.4, 45.3)

.28 294 171.4 174.9 (155.8, 196.5) 379 49.5 46.5 (41.7, 51.8)

P-trend ,0.001 ,0.001 ,0.001 ,0.001

Moderate-to-vigorous physical activity time, h/wk

,1 856 132.9 130.5 (121.7, 139.9) 1152 35.1 40.5 (37.9, 43.2)

1–3 688 134.6 137.0 (126.7, 148.2) 890 39.7 40.6 (37.6, 43.7)

.3–6 793 124.9 127.1 (117.7, 137.3) 930 40.7 40.4 (37.4, 43.5)

.6 905 121.4 124.1 (115.3, 133.6) 749 37.5 39.9 (36.8, 43.4)

P-trend 0.02 0.12 0.19 0.76

Education

Illiterate 349 121.7 131.6 (118.2, 146.4) 1416 57.8 40.4 (37.6, 43.4)

Primary school 582 119.1 124.1 (114.4, 134.7) 792 39.8 36.4 (33.9, 39.2)

High school 1906 130.9 128.6 (123.0, 134.4) 1713 30.9 34.7 (33.0, 36.5)

Some college 264 129.2 128.4 (113.9, 144.7) 271 37.4 44.6 (39.4, 50.5)

$College 217 140.4 133.7 (116.6, 153.2) 162 33.9 47.0 (39.8, 55.5)

P-trend 0.03 0.75 ,0.001 0.94

Geographic region

South 1040 124.9 119.4 (111.8, 127.6) 1223 36.5 37.1 (34.8, 39.6)

Middle 770 138.9 137.7 (127.7, 148.5) 935 35.8 39.3 (36.5, 42.3)

North 1508 125.3 131.2 (123.7, 139.2) 2196 44.7 45.0 (42.3, 47.9)

P value 0.04 0.01 ,0.001 ,0.001

Tea consumption, times/wk

#1 1908 123.0 126.1 (119.5, 133.1) 2891 37.4 40.7 (38.7, 42.8)

.1–6 302 134.7 133.2 (119.0, 149.1) 236 40.2 41.2 (36.1, 47.0)

.6 1032 135.8 134.2 (125.3, 143.8) 594 39.8 38.3 (35.0, 41.8)

P-trend 0.009 0.11 0.19 0.19

Smoking

No 1308 124.3 124.3 (116.9, 132.2) 4233 39.8 40.0 (38.2, 42.0)

Current or ever 2010 130.8 132.3 (125.4, 139.7) 121 62.5 51.2 (42.5, 61.7)

P value 0.14 0.08 ,0.001 0.01

Alcohol intake, g/d

0 1339 121.1 124.8 (117.3, 132.7) 3444 37.8 40.2 (38.3, 42.1)

.0–15 990 120.3 120.2 (112.4, 128.7) 219 40.1 42.3 (37.0, 48.5)

.15 913 148.4 147.1 (137.0, 158.0) 58 44.3 42.6 (32.8, 55.2)

P-trend 0.87 0.41 0.45 0.46

Iron intake

Quartile 1 795 134.2 133.4 (122.7, 145.1) 906 36.6 38.1 (35.1, 41.4)

Quartile 2 818 125.3 126.2 (117.2, 136.0) 1001 39.0 40.3 (37.4, 43.3)

Quartile 3 817 129.7 131.9 (122.5, 142.0) 959 39.1 41.5 (38.6, 44.7)

Quartile 4 812 121.9 125.8 (115.7, 136.9) 855 37.6 42.4 (39.0, 46.1)

P-trend 0.09 0.50 0.85 0.11

(Continued)
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men and women. To normalize skewed distributions in serum
ferritin, we applied a logarithmic transformation. Values were
back-transformed and presented as geometric means. We cate-
gorized age into 3 groups and moderate-to-vigorous physical
activity into 4 groups. We also categorized participants into 4
BMI groups according to the cutoffs recommended by the
Guidelines for Preventing and Controlling Overweight and
Obesity in Chinese Adults (20). For dietary factors, we cate-
gorized variables into quartiles or arbitrary categories according
to their population distribution. When examining the associations
of dietary factors with iron stores, we excluded participants with
missing dietary information (n = 719). We used general linear
regression models to calculate multivariable-adjusted geometric
means of various measures of iron status by categories of dif-
ferent dietary and nondietary factors, simultaneously adjusting
for age, annual income level, moderate-to-vigorous physical
activity, BMI (in kg/m2), alcohol intake, serum hs-CRP con-
centration, total energy intake, and dietary intakes of vitamin C,
phytates, and calcium as continuous variables and educational
status, place of residence, geographic region, and smoking status
as categorical variables except the stratification variable. To
quantify a linear trend, we assigned the median value within
each category and modeled this variable continuously; the Wald
test was used for testing statistical significance. Because accu-
mulated menstrual blood loss has been shown to be a major
contributor to the high prevalence of iron-deficiency anemia in
premenopausal Chinese women (18), we hypothesized that the
association between red meat, the major food source of heme

iron, and body iron status might vary according to menopausal
status in women. Therefore, we first categorized the study
population into 2 subgroups based on a cutoff age of 50 y, which
is close to the median age at menopause in Chinese women (28).
We then examined the association between red meat consumption
and ferritin concentration in each age group separately. Last, we
added a multiplicative term between the binary variable of age
and median intake of red meat to the multivariable models; the
Wald test was used for testing the statistical significance of the
interaction term. All analyses were performed with the use of
SAS version 9.4 (SAS Institute) at a 2-tailed a of 0.05.

RESULTS

The geometric means for ferritin concentrations were
135.9 ng/mL (SD: 2.7 ng/mL) for men and 42.7 ng/mL (SD:
3.1 ng/mL) for women. Table 1 shows that most participants
were aged 18–44 y, lived in rural areas, and had an annual
household income ,9000 renminbi (RMB) (1 RMB is equiva-
lent to w0.12 US$). The study population covered wide regions
of China.

Geometric mean serum ferritin concentrations according to
sociodemographic and lifestyle factors are shown in Table 1.
After adjusting for potential risk factors, age was inversely as-
sociated with ferritin concentration in men but positively associated
with ferritin concentration in women (both P-trends , 0.001). Se-
rum ferritin concentration significantly varied across different geo-
graphic regions (P = 0.01 for men and P , 0.001 for women).

TABLE 1 (Continued )

Men Women

n

Mean,

ng/mL

Multivariable-adjusted

mean (95% CI), ng/mL n

Mean,

ng/mL

Multivariable-adjusted

mean (95% CI), ng/mL

Phytate intake

Quartile 1 793 141.6 143.0 (132.1, 154.8) 925 39.2 42.3 (39.1, 45.7)

Quartile 2 809 128.2 130.0 (120.6, 140.1) 979 37.3 40.2 (37.4, 43.2)

Quartile 3 823 125.2 125.8 (116.9, 135.4) 947 38.7 40.2 (37.4, 43.2)

Quartile 4 817 118.4 119.9 (110.7, 129.9) 870 36.7 38.5 (35.4, 41.8)

P-trend ,0.001 0.002 0.30 0.11

Vitamin C intake

Quartile 1 807 132.3 130.7 (121.4, 140.8) 915 37.1 40.5 (37.6, 43.6)

Quartile 2 818 135.8 134.5 (125.1, 144.6) 988 35.8 39.4 (36.7, 42.3)

Quartile 3 812 129.0 130.7 (121.3, 140.7) 947 38.3 40.6 (37.8, 43.7)

Quartile 4 805 115.7 121.0 (112.0, 130.7) 871 41.3 41.2 (38.1, 44.6)

P-trend 0.002 0.07 0.01 0.57

Calcium intake

Quartile 1 810 133.7 134.3 (124.2, 145.2) 930 38.4 41.3 (38.1, 44.6)

Quartile 2 811 126.7 128.1 (119.0, 138.0) 930 35.4 37.4 (34.8, 40.3)

Quartile 3 811 129.2 129.4 (120.1, 139.3) 931 37.1 40.0 (37.2, 43.0)

Quartile 4 810 122.7 125.6 (116.2, 135.9) 930 41.4 43.1 (39.8, 46.5)

P-trend 0.12 0.30 0.03 0.13

1All the mean values are the geometric mean of ferritin concentration. The medians for quartiles of nutrient intake (men/women) were as follows—iron:

15.0/13.0, 19.8/17.3, 24.9/21.8, and 35.8/31.7 mg/d; vitamin C: 37.3/33.6, 64.0/61.4, 90.6/88.6, and 137.4/137.0 mg/d; calcium: 230.4/198.8, 322.5/285.6,

431.2/381.8, and 640.7/578.6 mg/d; and phytates: 3.8/3.3, 9.7/8.4, 14.3/12.5, and 21.8/18.9 g/d. For categories of age, annual income, place of residence,

geographic region, educational status, and smoking status, the general linear model (model 1) was simultaneously adjusted for age, annual income level,

moderate-to-vigorous physical activity time, BMI, alcohol intake, tea consumption, and serum high-sensitivity C-reactive protein concentration as continuous

variables and educational status, place of residence, geographic region, and smoking status as categorical variables except the stratification variable. For categories

of moderate-to-vigorous physical activity time, BMI, alcohol intake, tea consumption, and dietary intakes of vitamin C, iron, phytates, and calcium, the general

linear model was adjusted for total energy intake as continuous variables in addition to model 1 except the stratification variable. RMB, renminbi.
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TABLE 2

Serum ferritin concentrations according to categories of food intake1

Men Women

n Mean, ng/mL

Multivariable-adjusted

mean (95% CI), ng/mL n Mean, ng/mL

Multivariable-adjusted

mean (95% CI), ng/mL

Red meat

Quartile 1 801 115.4 116.2 (107.7, 125.3) 876 38.0 39.6 (36.6, 42.8)

Quartile 2 850 127.5 129.0 (120.0, 138.6) 1026 35.9 38.3 (35.7, 41.1)

Quartile 3 785 134.5 137.5 (127.5, 148.3) 932 38.9 40.6 (37.7, 43.7)

Quartile 4 806 135.6 137.2 (127.0, 148.3) 887 39.6 43.5 (40.2, 47.0)

P-trend ,0.001 0.002 0.17 0.03

Grains

Quartile 1 793 136.1 137.0 (126.9, 147.9) 966 36.6 39.6 (36.8, 42.7)

Quartile 2 815 129.8 131.9 (122.5, 141.9) 1002 39.9 41.2 (38.4, 44.2)

Quartile 3 807 123.8 123.7 (114.8, 133.2) 915 39.3 41.1 (38.2, 44.2)

Quartile 4 827 122.9 123.9 (114.5, 134.1) 838 36.1 39.3 (36.1, 42.8)

P-trend 0.03 0.05 0.52 0.77

Pork

Quartile 1 828 117.9 119.0 (110.4, 128.2) 921 37.8 39.8 (36.8, 42.9)

Quartile 2 783 124.8 125.6 (116.6, 135.2) 980 36.4 39.3 (36.6, 42.2)

Quartile 3 822 135.8 139.0 (129.0, 149.7) 904 38.2 40.3 (37.4, 43.4)

Quartile 4 809 134.2 136.4 (126.2, 147.4) 916 39.8 42.4 (39.3, 45.8)

P-trend 0.005 0.006 0.17 0.14

Vegetables

Quartile 1 797 133.1 131.2 (121.8, 141.3) 950 34.6 39.5 (36.7, 42.5)

Quartile 2 825 134.1 134.1 (124.7, 144.1) 945 36.5 39.6 (36.8, 42.6)

Quartile 3 808 127.0 129.1 (119.8, 139.1) 938 41.2 43.4 (40.4, 46.6)

Quartile 4 812 118.2 121.8 (112.7, 131.5) 888 40.3 38.9 (36.0, 42.1)

P-trend 0.006 0.09 ,0.001 0.97

Fish, g/d

0 1783 124.4 124.7 (118.0, 131.7) 2133 37.6 39.9 (37.7, 42.1)

.0–60 511 134.3 136.3 (124.6, 149.1) 694 36.8 40.2 (37.0, 43.6)

.60 948 131.5 134.6 (125.5, 144.4) 894 40.0 41.6 (38.6, 44.8)

P-trend 0.17 0.06 0.17 0.30

Poultry, g/d

0 2350 121.9 123.9 (117.8, 130.2) 2772 38.9 40.7 (38.7, 42.9)

.0–15 26 169.2 171.3 (118.5, 247.7) 37 32.6 37.0 (26.8, 51.1)

.15 866 144.7 143.7 (133.6, 154.5) 912 35.5 39.6 (36.8, 42.6)

P-trend ,0.001 ,0.001 0.03 0.49

Eggs, g/d

0 1100 124.9 127.5 (119.1, 136.4) 1242 38.8 39.1 (36.5, 41.9)

.0–40 1588 130.8 131.6 (124.4, 139.3) 1919 37.2 40.2 (38.0, 42.5)

.40 554 126.1 125.8 (115.4, 137.2) 560 38.9 43.2 (39.5, 47.2)

P-trend 0.85 0.79 0.98 0.06

Tubers, g/d

0 1878 129.9 130.4 (123.3, 138.0) 2152 38.0 39.2 (37.1, 41.5)

.0–60 524 133.6 135.7 (124.3, 148.1) 680 36.1 39.7 (36.6, 43.1)

.60 840 120.5 122.4 (113.5, 132.0) 889 39.6 44.0 (40.7, 47.6)

P-trend 0.07 0.14 0.36 0.009

Fruits, g/d

0 2246 127.5 127.0 (120.5, 133.8) 2297 37.9 39.6 (37.5, 41.9)

.0–80 290 150.4 154.4 (137.6, 173.4) 346 41.9 44.3 (39.7, 49.5)

.80 706 121.3 126.9 (117.4, 137.3) 1078 36.9 40.5 (37.8, 43.4)

P-trend 0.29 0.96 0.49 0.61

Milk, g/d

0 3034 128.7 129.4 (123.4, 135.7) 3410 37.8 40.3 (38.4, 42.4)

.0 208 118.0 127.4 (110.8, 146.4) 311 39.9 40.7 (36.1, 45.9)

P-trend 0.22 0.83 0.42 0.88

1All the mean values are the geometric mean of ferritin concentration. The medians for quartiles of food intake (men/women) were as follows—red meat: 0/0,

50.0/35.0, 96.1/76.7, and 168.1/143.1 g/d; grains: 283.3/233.3, 383.3/316.7, 476.4/400.0, and 650.0/564.0 g/d; vegetables: 170.0/160.0, 283.3/266.7, 383.3/363.3,

and 541.7/516.4 g/d; and pork: 0/0, 43.3/33.3, 83.3/70.0, and 160.0/133.3 g/d. The general linear model was adjusted for total energy intake, age, annual income

level, moderate-to-vigorous physical activity time, BMI, alcohol intake, tea consumption, and serum high-sensitivity C-reactive protein concentration as continuous

variables and educational status, place of residence, geographic region, and smoking status as categorical variables except the stratification variable.

CORRELATES OF IRON STATUS IN CHINESE ADULTS 507



Annual income (P-trend = 0.03) and smoking (P = 0.01) were
positively associated with ferritin concentration in women but not in
men. BMI was positively associated with ferritin concentration in
both men and women (both P-trends , 0.001). Dietary intake of
iron was not associated with ferritin concentration. Phytate intake
was not associated with ferritin concentration in all participants; an
inverse association between phytate intake and ferritin concentration
only existed in men (P-trend = 0.002).

Table 2 shows serum ferritin concentrations according to cat-
egories of food intake. Red meat consumption was significantly
associated with ferritin concentration in both men (P-trend = 0.002)
and women (P-trend = 0.03). Figure 1 shows the joint associations
of red meat consumption and age groups with serum ferritin con-
centrations in men and women. For men, serum ferritin was pos-
itively associated with red meat intake for both age groups. We
observed a strong positive association between red meat intake and
ferritin concentration (P-trend = 0.009) in women aged $50 y,
whereas the association was not significant in women aged ,50 y
(P-trend = 0.44). Meanwhile, women aged$50 y had significantly
higher serum ferritin concentrations than women aged ,50 y. In
men but not women, the consumption of pork (P-trend = 0.006)
and poultry (P-trend , 0.001) was positively associated with
ferritin concentration. Women who had a higher consumption
of tubers such as sweet potatoes, Chinese yam, and taro had a
higher concentration of ferritin (P-trend = 0.009).

Table 3 presents the TfR:F index according to sociodemo-
graphic and lifestyle factors. The TfR:F index was not asso-
ciated with age in men but was inversely associated with age in
women (P-trend , 0.001). Educational status was inversely
associated with the TfR:F index among all participants
(P-trend , 0.05). Lower phytate intake was associated with a
lower TfR:F index in women (P-trend = 0.05) but not men.
Interestingly, we found a strong positive association between
phytate intake and transferrin receptor concentration in both
men and women (both P-trends , 0.001) (Supplemental
Table 1). The consumption of foods from the major food
groups was generally not associated with the TfR:F index
or transferrin receptor concentration (Supplemental Tables
2 and 3).

A younger age and a higher BMI were associated with a
higher hemoglobin concentration in all participants (Supple-
mental Table 4). Hemoglobin concentration varied signifi-
cantly between urban and rural areas and across different
geographic regions (all P , 0.001). In women, dietary iron
intake was positively associated with hemoglobin concentration
(P-trend = 0.004). Supplemental Table 5 shows that lower
vegetable consumption and higher fish consumption were asso-
ciated with higher hemoglobin concentration in men (both
P-trends # 0.01), whereas grain intake was positively associated
with hemoglobin in women (P-trend = 0.05).

FIGURE 1 Joint associations of age and red meat consumption with serum ferritin concentration in men and women. Values are multivariable-adjusted
mean ferritin concentrations in women (A) and men (B) estimated from a general linear regression model. Covariates included total energy intake, annual
income level, moderate-to-vigorous physical activity time, BMI (in kg/m2), alcohol intake, and serum high-sensitivity C-reactive protein concentration as
continuous variables and educational status, place of residence, geographic region, and smoking status as categorical variables. To quantify a linear trend
between red meat consumption and serum ferritin concentration, we assigned the median value within each quartile and modeled this variable continuously;
the Wald test was used for testing statistical significance. The interaction between age group and red meat consumption was tested by adding a multiplicative
term into the multivariable model for each sex group. Q, quartile.
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TABLE 3

Transferrin receptor and ferritin index according to categories of sociodemographic and lifestyle factors1

Men Women

n Mean

Multivariable-adjusted

mean (95% CI) n Mean

Multivariable-adjusted

mean (95% CI)

Age, y

18–44 1457 0.29 0.29 (0.24, 0.35) 2196 0.55 0.55 (0.49, 0.60)

45–54 960 0.35 0.36 (0.29, 0.43) 1114 0.47 0.46 (0.39, 0.52)

55–65 901 0.31 0.29 (0.22, 0.35) 1044 0.36 0.34 (0.27, 0.41)

P-trend 0.41 0.75 ,0.001 ,0.001

Place of residence

Urban 918 0.34 0.35 (0.29, 0.42) 1093 0.45 0.46 (0.40, 0.53)

Rural 2400 0.30 0.29 (0.23, 0.34) 3261 0.50 0.47 (0.41, 0.52)

P value 0.21 0.07 0.09 0.85

Annual income, RMB

,9000 1472 0.36 0.35 (0.28, 0.42) 2660 0.50 0.47 (0.41, 0.53)

9000–15,000 538 0.29 0.29 (0.21, 0.37) 707 0.50 0.49 (0.41, 0.56)

.15,000–25,000 642 0.29 0.30 (0.22, 0.37) 581 0.48 0.46 (0.39, 0.54)

.25,000 666 0.28 0.29 (0.22, 0.35) 406 0.45 0.44 (0.38, 0.51)

P-trend 0.10 0.26 0.21 0.41

BMI, kg/m2

,18.5 173 0.34 0.32 (0.17, 0.46) 210 0.50 0.45 (0.30, 0.59)

18.5–24 1712 0.30 0.29 (0.24, 0.35) 2031 0.52 0.49 (0.43, 0.55)

.24–28 1063 0.33 0.34 (0.27, 0.40) 1101 0.47 0.46 (0.39, 0.53)

.28 294 0.27 0.28 (0.17, 0.39) 379 0.38 0.36 (0.25, 0.48)

P-trend 0.80 0.83 0.02 0.09

Moderate-to-vigorous physical activity time, h/wk

,1 856 0.29 0.29 (0.22, 0.36) 1152 0.50 0.48 (0.41, 0.55)

1–3 688 0.30 0.30 (0.22, 0.37) 890 0.49 0.48 (0.40, 0.55)

.3–6 793 0.36 0.35 (0.28, 0.43) 930 0.48 0.47 (0.39, 0.54)

.6 905 0.29 0.30 (0.23, 0.37) 749 0.48 0.43 (0.35, 0.52)

P-trend 0.87 0.81 0.56 0.35

Education

Illiterate 349 0.44 0.44 (0.33, 0.54) 1416 0.46 0.56 (0.49, 0.64)

Primary school 582 0.31 0.31 (0.23, 0.39) 792 0.51 0.52 (0.45, 0.60)

High school 1906 0.29 0.29 (0.24, 0.33) 1713 0.50 0.47 (0.42, 0.52)

Some college 264 0.28 0.25 (0.13, 0.37) 271 0.46 0.41 (0.28, 0.53)

.College 217 0.29 0.25 (0.12, 0.38) 162 0.46 0.37 (0.19, 0.54)

P-trend 0.03 0.02 0.61 0.009

Geographic region

South 1040 0.30 0.31 (0.24, 0.37) 1223 0.53 0.52 (0.46, 0.59)

Middle 770 0.27 0.27 (0.19, 0.34) 935 0.49 0.44 (0.37, 0.52)

North 1508 0.34 0.35 (0.29, 0.41) 2196 0.46 0.43 (0.36, 0.49)

P value 0.18 0.16 0.13 0.05

Tea consumption, times/wk

#1 1908 0.33 0.33 (0.27, 0.38) 2891 0.50 0.47 (0.42, 0.52)

.1–6 302 0.29 0.30 (0.19, 0.41) 236 0.42 0.41 (0.27, 0.54)

.6 1032 0.28 0.28 (0.21, 0.34) 594 0.46 0.46 (0.37, 0.56)

P-trend 0.23 0.17 0.29 0.83

Smoking

No 1308 0.35 0.35 (0.29, 0.41) 4233 0.49 0.47 (0.42, 0.52)

Current or ever 2010 0.28 0.28 (0.23, 0.34) 121 0.37 0.35 (0.16, 0.55)

P value 0.04 0.07 0.19 0.24

Alcohol intake, g/d

0 1339 0.35 0.34 (0.28, 0.40) 3444 0.49 0.47 (0.42, 0.52)

.0–15 990 0.29 0.29 (0.22, 0.36) 219 0.45 0.43 (0.29, 0.58)

.15 913 0.27 0.28 (0.21, 0.35) 58 0.47 0.47 (0.20, 0.74)

P-trend 0.16 0.34 0.55 0.66

Iron intake

Quartile 1 795 0.29 0.29 (0.27, 0.30) 906 0.52 0.49 (0.41, 0.58)

Quartile 2 818 0.29 0.29 (0.27, 0.30) 1001 0.47 0.46 (0.38, 0.53)

Quartile 3 817 0.29 0.29 (0.27, 0.30) 959 0.51 0.44 (0.37, 0.52)

Quartile 4 812 0.30 0.29 (0.27, 0.31) 855 0.46 0.44 (0.36, 0.53)

P-trend 0.65 0.73 0.85 0.50

(Continued)
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DISCUSSION

To our knowledge, this study is the first nationwide investigation
on a wide range of factors related to iron status in a Chinese
population. We found that certain sociodemographic, lifestyle, and
dietary factors were associated with body iron status, especially
iron stores measured by serum ferritin. Higher intake of red meat
was associated with higher ferritin concentrations in both men and
women, whereas this positive association was more pronounced
among older women in this Chinese population. The observed sex
differences may be explained by the low iron stores in younger
Chinese women caused by menstrual blood loss. In addition, both
serum ferritin and hemoglobin concentrations varied significantly
across different geographic areas.

The geometricmean serum ferritin concentration in Chinesemen
(135.9 ng/mL) was comparable to that in Western men, whereas
Chinese women (42.7 ng/mL), especially younger women, had a
much lower geometric mean ferritin concentration than Western
women. For example, the geometric mean ferritin concentrations
were 152, 92, 93, and 58 ng/mL for African-American men, non-
Hispanic white men, African-American women, and non-Hispanic
white women, respectively, in NHANES II (29).

Our results on the association of higher ferritin concentrations
with older age in women and younger age in men are consistent
with previous studies (5, 6, 11, 14, 15). For instance, similar
positive associations between age and serum ferritin concentration
were observed in US women in the Framingham Heart Study (6)
and the Nurses’ Health Study (5), which could be explained by
accumulated menstrual blood loss in premenopausal women

(5, 11, 14, 26). The inverse trend of ferritin concentration with age
among men, similar to findings from NHANES, may be caused
by the lower absorption rate of iron later in life. Annual income
was positively associated with ferritin concentrations in women.
Major food sources of heme iron, e.g., red meat, fish, and poultry,
usually are relatively expensive and are considered luxuries in
China. The high cost of foods rich in heme iron may be a barrier
for low-income people who can only afford low-price plant-based
diets that usually provide nonheme iron. Consistent with previous
studies (5, 27, 30, 31), BMI was positively correlated to ferritin
concentration. Because high BMI is an indicator of systematic
inflammation, the positive association between BMI and ferritin
concentration may be partly explained by inflammation. Inter-
estingly, further adjusting for hs-CRP, a biomarker of systemic
inflammation, did not attenuate the association between BMI and
serum ferritin concentration, indicating other potential mecha-
nisms for this association. For smokers, we observed a higher
ferritin concentration in women, which is consistent with previous
findings (32, 33). Dietary iron intake was not associated with
various measures of iron stores, including ferritin concentration
and the TfR:F index, which was possibly because dietary iron in
the typical Chinese diet largely consists of nonheme iron with a
low absorption rate. We also found that the dietary intake of
phytates, which are major inhibitors of iron absorption, was in-
versely associated with ferritin and transferrin receptor con-
centrations, although the association between phytate intake and
ferritin was not significant in women. This finding is consistent
with a previous study (21) in a Chinese population that showed

TABLE 3 (Continued )

Men Women

n Mean

Multivariable-adjusted

mean (95% CI) n Mean

Multivariable-adjusted

mean (95% CI)

Phytate intake

Quartile 1 793 0.34 0.36 (0.28, 0.43) 925 0.45 0.42 (0.34, 0.50)

Quartile 2 809 0.29 0.29 (0.22, 0.36) 979 0.50 0.47 (0.39, 0.55)

Quartile 3 823 0.30 0.29 (0.22, 0.36) 947 0.45 0.43 (0.36, 0.51)

Quartile 4 817 0.30 0.29 (0.21, 0.37) 870 0.57 0.55 (0.47, 0.64)

P-trend 0.47 0.28 0.04 0.05

Vitamin C intake

Quartile 1 807 0.35 0.36 (0.29, 0.43) 915 0.51 0.48 (0.40, 0.55)

Quartile 2 818 0.30 0.30 (0.23, 0.37) 988 0.48 0.45 (0.37, 0.52)

Quartile 3 812 0.28 0.28 (0.21, 0.35) 947 0.46 0.44 (0.36, 0.51)

Quartile 4 805 0.31 0.29 (0.21, 0.36) 871 0.52 0.50 (0.42, 0.58)

P-trend 0.42 0.17 0.78 0.55

Calcium intake

Quartile 1 810 0.35 0.36 (0.28, 0.44) 930 0.52 0.49 (0.41, 0.57)

Quartile 2 811 0.30 0.30 (0.23, 0.37) 930 0.45 0.42 (0.35, 0.50)

Quartile 3 811 0.30 0.29 (0.22, 0.36) 931 0.50 0.47 (0.39, 0.54)

Quartile 4 810 0.29 0.28 (0.21, 0.36) 930 0.50 0.48 (0.40, 0.56)

P-trend 0.29 0.24 0.89 0.86

1 The medians for quartiles of nutrient intake (men/women) were as follows—iron: 15.0/13.0, 19.8/17.3, 24.9/21.8, and 35.8/31.7 mg/d; vitamin C:

37.3/33.6, 64.0/61.4, 90.6/88.6, and 137.4/137.0 mg/d; calcium: 230.4/198.8, 322.5/285.6, 431.2/381.8, and 640.7/578.6 mg/d; and phytates: 3.8/3.3, 9.7/8.4,

14.3/12.5, and 21.8/18.9 g/d. For categories of age, annual income, place of residence, geographic region, and educational and smoking status, the general

linear model (model 1) was simultaneously adjusted for age, annual income level, moderate-to-vigorous physical activity time, BMI, alcohol intake, tea

consumption, and serum high-sensitivity C-reactive protein concentration as continuous variables and educational status, place of residence, geographic

region, and smoking status as categorical variables except the stratification variable. For categories of moderate-to-vigorous physical activity time, BMI,

alcohol intake, tea consumption, and dietary intakes of vitamin C, iron, phytates, and calcium, the general linear model was adjusted for total energy intake

and dietary intakes of vitamin C, iron, phytates, and calcium as continuous variables in addition to model 1 except the stratification variable. RMB, renminbi.
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that the high phytate content of the Chinese diet contributed
markedly to the prevalence of iron deficiency in China.

We observed a positive association between red meat con-
sumption and serum ferritin concentration. Possibly because of
their postmenopausal status, this association was more apparent
among older women. We also found positive associations of pork
and poultry consumption with serum ferritin concentration in
men. Pork and poultry are both rich in heme iron, which is
absorbed more completely than nonheme-iron foods (34). Meat,
especially red meat, is the primary contributor of heme-iron
absorption in the Chinese population (35). Our findings are
consistent with previous studies that showed positive associations
between heme-iron intake and iron status in Western populations
(5, 6, 11, 13, 33, 36–40). Given the relatively high prevalence of
iron-deficiency anemia and its related disease burden in China,
the intake of heme-iron–rich foods (e.g., red meat), especially in
women, still stands as an important dietary recommendation for
the prevention of anemia. However, a higher risk of chronic
diseases, including coronary artery disease, type 2 diabetes, and
colorectal cancer, related to higher red meat intake, as reported
in Western populations, should also be considered in dietary
recommendations (41–44). We found that higher grain con-
sumption was associated with lower ferritin concentration,
possibly because grains are the largest contributor of phytates in
the Chinese diet (23).

In addition to ferritin concentration, we examined the TfR:F
index and found that the ratio was generally not associated with
the dietary and nondietary factors. We confirmed that the asso-
ciations of dietary and nondietary factors with iron stores varied
by sex, possibly because of the small between-person variation in
iron stores in women given their very low serum ferritin con-
centration. Younger Chinese women suffer from a double burden
of iron depletion frommenstruation and a low intake of foods rich
in heme iron, such as red meat (45). In addition, 50% of our study
population had an annual income ,9000 RMB, and 66% of our
study population was from rural areas, indicating low economic
status. In China, low-income families from rural areas are more
likely to give economic priorities to men rather than women,
especially younger women, who have less opportunities to ob-
tain animal-sourced foods, such as red meat, that are usually
expensive. Chinese women, especially those from rural areas,
have a substantially lower animal protein intake than women in
Japan and the United Kingdom.

The strengths of this study include a relatively large updated
sample population that geographically represents China, as well
as comprehensive measurements of dietary, lifestyle, and soci-
odemographic variables. Our findings should be interpreted in the
context of several limitations. First, because of the cross-sectional
nature of this study design, we could not make casual inferences.
However, CHNS comprehensively collected a wide range of
dietary and nondietary information that allowed us to adjust for
multiple risk and confounding factors, including circulating
biomarkers for inflammation, and thus largely alleviated the
possibility of confounding by inflammation and chronic diseases.
Second, dietary information (especially iron intake) collected
through three 24-h dietary recalls might not represent long-term
usual intake (46). Measurement errors in 24-h dietary recalls tend
to be random, which attenuates the association of dietary and
nondietary factors with iron status. Third, menopausal status
influences body iron stores in women. However, CHNS did not

collect information related to menstrual status. Instead, we used
median age at menopause in Chinese women as a surrogate of
menopausal status. Fourth, our study did not collect information
on several dietary and nondietary factors that may potentially be
associated with iron status, such as serum hepcidin, genetic
risk factors, blood donation, supplement use, and heme- and
nonheme-iron intake.

Our study confirmed several dietary factors and nondietary
factors that contribute to body iron status in Chinese adults. The
observed associations varied by menopausal status in women;
younger Chinese women are at a particularly high risk of low
body iron stores. Given the high prevalence of anemia in China,
our findings provide pivotal evidence for population-level in-
tervention strategies such as dietary recommendations and food
fortification for improving iron status in the Chinese population.
In addition, fortification should consider both increasing the iron
content and decreasing the phytate content of commonly con-
sumed foods, such as grains, which would have a direct and
profound influence on the iron status of the Chinese population.
More comprehensive nationwide programs combining both di-
etary education for the general population and food fortification
for the at-risk population, e.g., younger women, are imperatively
needed to accelerate the improvement of iron status in the
Chinese population. However, we should also be vigilant about
potential chronic disease risks related to iron overload.
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