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ABSTRACT
Background: High body iron status has been shown to be associated
with adverse health outcomes. However, the relation between high
body iron status, body mass index (BMI), and cognition is still
understudied.
Objective: This study aimed to examine the association between
iron intake and cognitive function in Chinese adults and tested the
interaction effect of iron intake and BMI on cognition.
Design: Longitudinal study data from a nationwide sample
(n = 4852; age ≥55 y) from the China Health and Nutrition
Survey during 1991–2006 were used. Of the participants, 3302
had completed cognitive screening tests in ≥2 surveys. Cog-
nitive function was assessed in 1997, 2000, 2004, and 2006.
Dietary iron intake was obtained from a 3-d food record dur-
ing home visits in 1991, 1993, 1997, 2000, 2004, and 2006.
Multivariable mixed linear regression and logistic regression were
used.
Results: The cumulative mean ± SD iron intake in 1997 of
tested subjects was 23.7 ± 11.3 mg/d (25.4 mg/d in men and
22.2 mg/d in women). High iron intake was associated with
poor cognition. In fully adjusted models, across the quartiles of
iron intake the regression coefficients (95% CIs) were 0, −0.39
(−0.77, −0.01), −0.55 (−0.95, −0.15), and −0.90 (−1.33, −0.47),
respectively. Comparing extreme quartiles of iron intake (high), the
OR (95% CI) for poor cognitive function was 1.30 (1.04, 1.64).
There was a significant interaction between iron intake and BMI.
The association between high iron intake and poor cognition was
stronger among those with a high BMI than those with a low
BMI. Among those with a BMI (kg/m2) >24, across quartiles of
iron intake the ORs (95% CIs) for poor cognitive function were
1.00, 1.27 (0.91, 1.78), 1.41 (0.97, 2.04), and 2.04 (1.38, 3.01),
respectively.
Conclusion: Higher iron intake is associated with poor cognition in
Chinese adults, especially among those with a high BMI. Am J
Clin Nutr 2019;109:109–116.
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Introduction
The prevalence of dementia, a general term used to encompass

cognitive decline, is increasing dramatically, especially in
developing countries. Dementia was estimated to affect 35.6
million people worldwide in 2010, and this number is expected
to double every 20 y, reaching an estimated 115.4 million people
by 2050 (1). In China, ∼9.5 million adults aged ≥60 y had
dementia (2). Many modifiable risk factors have been associated
with dementia, including lower education, hypertension, obesity,
hearing loss, diabetes, smoking, depression, physical inactivity,
and social isolation (3). Among these, dietary patterns have
increasingly received attention (4). For example, it has been
shown that adherence to a Mediterranean diet is associated with
better cognitive outcomes (4). In addition, in the Whitehall II
prospective cohort study, it was shown that a diet characterized
by higher intakes of red meat, processed meat, peas and legumes,
and fried food and a lower intake of whole grains was associated
with faster cognitive decline (5).
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There is evidence suggesting that iron accumulation in the
brain increases with age (6). There has been evidence of iron
accumulation in the brain in patients with Alzheimer, Parkinson,
and Huntington disease and amyotrophic lateral sclerosis (6).
Higher dietary iron intake has been found to be associated with
higher risk for Parkinson disease in the Western population
(7, 8). Moreover, high iron concentrations have been shown to
be associated with both an increased risk of diabetes among
adults in many countries, including China (9), as well as
cognitive impairment (10), suggesting that insulin resistance
and hyperglycemia and hypoglycemia may play a role in the
link (11). Several studies have shown a positive association
between iron status and cognitive impairment among older adults
(7). However, these studies were mainly conducted in Western
countries, where iron status may differ from Asian countries due
to differences in diet and regional agriculture.

Increased BMI in mid- and late life has been shown to be
positively associated with cognitive function (10, 12). However,
a study suggested that this “obesity paradox” is likely due to
reverse causation whereby people with preclinical dementia tend
to lose weight decades before the diagnosis of dementia (13).
Interestingly, accompanied by the increased burden of obesity,
the prevalence of anemia decreased dramatically during the
past decades in China (14). Anemia was found to be inversely
associated with obesity in Chinese women (15). However, no
study to our knowledge has assessed the interaction between
obesity and iron intake in relation to cognitive function.

China has been experiencing a rapid change in dietary
patterns characterized by increased intake of animal-based foods
and decreased intakes of plant-based foods (16). In addition,
the prevalence of overweight and obese people has increased
substantially over the past few decades (17). Therefore, a better
understanding of the interactions between these factors and
anemia will help to identify the causes of the increasing burden
of dementia.

This study aims to assess the longitudinal association between
iron intake and cognitive function as well as the interaction
between iron intake and BMI and with some other characteristics
in Chinese old adults. We used the data collected over a 15-y
period from the China Health and Nutrition Survey (CHNS).

Methods

Study design and study sample

This was a longitudinal study based on repeated measurements
of dietary intake and cognitive function over 15 y from the
CHNS. The CHNS is an ongoing, open, prospective, household-
based cohort study conducted in 9 provinces in China (16, 18).
The CHNS uses a multistage random-cluster sampling process
to select samples in both urban and rural areas. Nine waves
of data collection (i.e., 1989, 1991, 1993, 1997, 2000, 2004,
2006, 2009, and 2011) have been conducted. In the 1997, 2000,
2004, and 2006 surveys cognitive screen tests were conducted
among those aged >55 y. In total, 4852 participants attended the
cognitive screen tests between 1997 and 2006 (Supplemental
Figure 1). Of these participants, 3302 attended the screen test
in ≥2 surveys. Participants who completed ≥1 cognitive screen
test were included in the analysis.

The survey was approved by the institutional review commit-
tees of the University of North Carolina and the National Institute
of Nutrition and Food Safety (China). Informed consent was
obtained from all participants. The response rate based on those
who participated in 1989 and remained in the 2006 survey was
>60%.

Outcome variable: cognitive function

The cognitive screening items used in the CHNS included
a subset of items from the Telephone Interview for Cognitive
Status–Modified (19). The tool has been used in other population
studies in China to assess cognitive function (20). The cognitive
screening included 3 tasks: 1) immediate and delayed recall of a
10-word list, 2) counting backward from 20 to 1, and 3) serial 7
subtraction (5 times). Scores for task 1 ranged from 0 to 20, with
each correctly recalled word assigned a score of 1. A total verbal
memory score was constructed as the sum of the immediate and
delayed 10-word recall. For task 2, a score of 2 was given to
those counted backward correctly in the first try. For those only
counted backward correctly in the second try, a score of 1 was
given. For task 3, a score of 1 was assigned to each of the 5
serial 7 subtractions. Because orientation was only assessed in
1997, 2000, and 2004, we did not include it in the analysis. The
total global cognitive score ranges from 0 to 27. A high cognitive
score represents better cognition. Based on a study in Shanghai,
the prevalence of mild cognitive impairment among people aged
≥60 y was 20% (21). In our study, we chose the first quintile of
the cognitive function test score as representing poor cognitive
function, which corresponds to a global cognitive function score
cutoff of <7.

Exposure variables: cumulative mean iron intake

At each wave, individual dietary intake data were collected
by a trained investigator conducting a 24-h dietary recall on
each of 3 consecutive days. In addition, foods and condiments in
the home inventory, foods purchased from markets or harvested
from gardens, and food waste were weighed and recorded
by interviewers at the beginning and end of the 3-d survey
period. A detailed description of the dietary measurements has
been published previously (16). Food-consumption data were
converted to nutrient intakes using the Chinese food-composition
table (22). The dietary assessment method has been validated for
energy intake (23).

We calculated a cumulative average intake of iron for each
individual at each time period to reduce variation within
individuals and to represent long-term habitual intake (24). For
example, the 1991 iron intake was used for the follow-up between
1991 and 1993, the average of the 1991 and 1993 intake was
used for the follow-up between 1997 and 2000, and so on. In
the sensitivity analysis, we also assessed the association between
the most recent iron intake and cognitive function. In sensitivity
analyses, we excluded 1991 and 1993 dietary intakes. Because
the main findings did not change, we decided to include the
1991 and 1993 dietary data in our analysis and results because
they offered more information on 4–6 y of dietary history.
Height, weight, and blood pressure were measured at each wave.
Overweight or obesity was defined as BMI (kg/m2) ≥24.
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Covariates

Hypertension was defined as systolic blood pressure >140
mm Hg or diastolic blood pressure >90 mm Hg or having
known hypertension. Sociodemographic and lifestyle factors
were collected in each wave using a structured questionnaire.
The following constructed variables were included to reflect
socioeconomic status: education (low: illiterate/primary school;
medium: junior middle school; and high: high middle school or
higher), per capita annual family income (recoded into tertiles as
low, medium, and high), urbanization levels (16) (recoded into
tertiles as low, medium, and high).

Physical activity level (metabolic equivalents of task) was es-
timated on the basis of self-reported activities (including occupa-
tional, domestic, transportation, and leisure-time physical activ-
ity) and duration using a Compendium of Physical Activities (25).
Smoking status was categorized into nonsmokers, ex-smokers,
and current smokers. Alcohol drinking was categorized as yes or
no. Self-reported diabetes and stroke were coded as yes or no.

Statistical analysis

Cumulative mean iron intake was recoded into quartiles. The
chi-square test was used to compare differences between groups
for categorical variables and ANOVA was used for continuous
variables. A mixed-effects model using mixed command in Stata
(StataCorp) was used to assess the association between iron
intake and cognitive function. A negative regression coefficient
represents cognitive function decline. A set of models were used:
model 1 adjusted for age, gender, and energy intake; model 2
further adjusted for intake of fat, smoking, alcohol drinking,
income, urbanization, education, and physical activity; model 3
further adjusted for intake of fruit and vegetables; and model 4
further adjusted for BMI and hypertension.

In sensitivity analyses, we also stratified our analysis by total
meat intake (including pork, beef and poultry; above or below
the median). We also excluded those with a global cognitive
function score ≤4 and further adjusted for diabetes and stroke.
To assess the association between cumulative mean iron intake
and the risk of poor cognitive function, we used mixed-effects
logistic regression adjusting for the same covariates as in model
4 mentioned above. To test the interaction between iron intake
and set of variables including BMI, hypertension, and income, a
product term of each pair of variables was put in the regression
model. variables was put in the regression model. We used
the marginsplot command in Stata 15.1 (StataCorp) to visually
present the interaction.

All of the analyses were performed using STATA 15.1
(StataCorp). Significance was considered when P < 0.05 (2-
sided).

Results

Descriptive results

The cumulative mean ± SD iron intake in 1997 was 23.7 ±
11.3 mg/d (25.4 mg/d in men and 22.2 mg/d in women). The mean
± SD intake of iron in the high quartile was 36.9 ± 13.3 mg/d.

Table 1 shows the sample characteristics among participants
attending the first cognitive function test according to amounts

of cumulative iron intake. Across the quartiles of iron intake,
the intakes of energy, protein, fat, carbohydrate, and fresh
vegetable increased. However, there was no difference in fruit
intake across quartiles of iron intake. The prevalence of smoking
and alcohol drinking increased across quartiles of iron intake.
Physical activity level was higher among those with a high intake
of iron than in those with a low intake.

The mean ± SD global cognition score was 12.1 ± 6.8 in 1997.
The annual cognitive function score decline was 0.1 (95% CI:
0.07, 0.13). The prevalence of global cognitive scores <7 ranged
from 19.8% to 23.1% in the 4 survey waves between 1997 and
2006.

Association between iron intake and cognitive function

Iron intake was related to cognitive function decline (Table 2).
Comparing extreme quartiles of iron intake, the difference in
cognitive function was −1.49 after adjusting for age, gender,
and energy intake. In fully adjusted models, across quartiles
of iron intake, the regression coefficients (95% CIs) were 0,
−0.39 (−0.77, −0.01), −0.55 (−0.95, −0.15), and −0.90
(−1.33, −0.47), respectively. A similar positive association
between iron intake and memory decline was observed. The
regression coefficients (95% CIs) for memory across quartiles
of iron intake were 0, −0.34 (−0.61, −0.06), −0.40 (−0.69,
−0.12), and −0.60 (−0.92, −0.29), respectively. In sensitivity
analyses, after excluding those with a global cognitive function
score <4 or further adjusting for diabetes or stroke the above
association between iron intake and cognition did not change. No
association between the most recent intake of iron and cognitive
function was found in multivariable mixed model (data not
shown).

Weight status modifies the association between iron intake
and cognitive function

A significant interaction (P = 0.008) between iron intake and
BMI in relation to cognitive function was found (Figure 1). The
positive association between iron intake and cognitive function
decline was stronger among those with a high BMI than in those
with a low BMI. Among those who were overweight or obese,
there was a significant increase in ORs (95% CIs) for global
cognition scores <7 across quartiles of iron intake of 1.00, 1.27
(0.91, 1.78), 1.41 (0.97, 2.04), and 2.04 (1.38, 3.01), respectively
(Table 3). However, this trend was not observed among those
with a normal BMI (P-interaction = 0.038).

Similarly, there was an interaction between family income
and iron intake (P-interaction = 0.046). The positive association
between iron intake and low global cognitive score was only
found in the medium- and high-income groups but not in the
low-income group. There were no significant interactions with
urban or rural residence, gender, smoking, alcohol drinking, or
hypertension.

When we limited the analyses to those who took the cognitive
tests in ≥2 waves of the survey, or stratified the analyses by high
or low intakes of meat, the findings remained unchanged. In fully
adjusted models, across the quartiles of iron intake the ORs (95%
CIs) for global cognition scores <7 were 1.00, 1.06 (0.87, 1.30),
1.09 (0.88, 1.35), and 1.30 (1.04, 1.64), respectively.



112 Shi et al.

TABLE 1 Sample characteristics of Chinese adults aged ≥55 y attending the first cognitive function test by quartiles of cumulative iron1

Iron intake quartiles

1 (median: 14.6 mg/d)
(n = 1205)

2 (19.3 mg/d)
(n = 1081)

3 (23.7 mg/d)
(n = 1171)

4 (31.7 mg/d)
(n = 1228) P

Age, y 66.5 ± 8.7 63.6 ± 7.7 62.0 ± 7.0 61.7 ± 6.5 <0.001
Sex, n (%) <0.001

Men 412 (34.2) 519 (48.0) 594 (50.7) 723 (58.9)
Women 793 (65.8) 562 (52.0) 577 (49.3) 505 (41.1)

Education, n (%) <0.001
Low 759 (75.8) 690 (70.5) 755 (69.5) 863 (74.1)
Medium 117 (11.7) 136 (13.9) 194 (17.9) 181 (15.5)
High 125 (12.5) 153 (15.6) 137 (12.6) 120 (10.3)

Urbanization, n (%) <0.001
Low 216 (17.9) 217 (20.1) 303 (25.9) 456 (37.1)
Medium 306 (25.4) 308 (28.5) 329 (28.1) 376 (30.6)
High 683 (56.7) 556 (51.4) 539 (46.0) 396 (32.2)

Smoking, n (%) <0.001
Nonsmoker 898 (74.9) 753 (69.7) 760 (65.0) 738 (60.1)
Ex-smoker 45 (3.8) 39 (3.6) 42 (3.6) 51 (4.2)
Current smoker 256 (21.4) 288 (26.7) 367 (31.4) 438 (35.7)

Survey year, n (%) 0.007
1997 536 (44.5) 521 (48.2) 476 (40.6) 579 (47.1)
2000 187 (15.5) 161 (14.9) 208 (17.8) 218 (17.8)
2004 298 (24.7) 235 (21.7) 292 (24.9) 268 (21.8)
2006 184 (15.3) 164 (15.2) 195 (16.7) 163 (13.3)

Alcohol drinking, n (%) 273 (23.1) 335 (31.4) 387 (33.8) 439 (36.4) <0.001
Physical activity, MET-h/wk 64.2 ± 84.6 85.9 ± 97.5 94.2 ± 101.4 106.2 ± 107.4 <0.001
BMI, kg/m2 23.1 ± 3.8 23.2 ± 3.7 23.2 ± 3.6 22.8 ± 3.4 0.015
BMI ≥24, n (%) 429 (38.6) 372 (37.2) 431 (39.4) 362 (32.6) 0.004
Energy intake, kcal/d 1719.1 ± 503.8 2087.7 ± 1084.9 2180.8 ± 584.6 2413.0 ± 829.7 <0.001
Fat intake, g/d 60.9 ± 34.9 70.0 ± 114.1 68.6 ± 36.5 72.2 ± 58.6 <0.001
Protein intake, g/d 49.5 ± 15.8 62.6 ± 18.3 67.6 ± 21.3 74.2 ± 30.0 <0.001
Carbohydrate intake, g/d 239.6 ± 75.0 295.4 ± 85.4 316.7 ± 99.1 358.9 ± 124.9 <0.001
Intake of fruit, g/d 24.5 ± 73.5 25.8 ± 92.2 19.1 ± 70.1 23.7 ± 83.1 0.21
Intake of fresh vegetable, g/d 217.2 ± 137.1 268.4 ± 159.6 292.2 ± 192.8 317.4 ± 194.8 <0.001
Intake of meat, g/d 62.2 ± 67.2 78.2 ± 80.9 79.5 ± 86.9 72.7 ± 90.8 <0.001
Most recent iron intake, mg/d 13.2 ± 3.8 18.3 ± 5.2 21.1 ± 7.3 27.6 ± 18.4 <0.001
Cumulative iron intake, mg/d 13.7 ± 2.6 19.2 ± 1.2 23.8 ± 1.6 35.9 ± 12.5 <0.001
Hypertension, n (%) 468 (40.8) 346 (34.1) 370 (33.2) 376 (33.2) <0.001
Diabetes, n (%) 43 (3.6) 27 (2.5) 35 (3.0) 44 (3.7) 0.37
Stroke, n (%) 30 (2.5) 19 (1.8) 18 (1.6) 32 (2.7) 0.18

1Values are means ± SDs unless otherwise indicated; n = 4685. P values were calculated by using ANOVA or chi-square test. MET-h, metabolic
equivalent of task hours.

Discussion
This longitudinal study in China shows that high iron intake

was associated with poor cognition. Those with a high iron intake
(mean intake: 36.9 mg/d) were ∼30% more likely to have poor
cognitive function than others. In addition, there was a significant
interaction between iron intake and BMI. The positive association
between iron intake and cognitive decline was stronger among
those with a high BMI or a high income. There was no interaction
between iron intake and gender and hypertension. The association
was independent of lifestyle factors and hypertension.

To the best of our knowledge, this is the first population study
to investigate the interaction between iron intake and BMI in
relation to cognitive function. We found that iron intake was
inversely associated with cognitive function. Interestingly, in
high-BMI groups, iron intake was more strongly associated with
cognitive decline. It could be hypothesized that, among those with

a high BMI, the negative consequences of high iron intake may be
exacerbated because of pre-existing elevated inflammatory status
in obese individuals (26). It was previously shown in the Austrian
Stroke Prevention Study that a higher BMI was associated with
elevated brain iron among 314 healthy community-dwelling
participants (27). Further research is needed to elucidate the
relations between iron, BMI, and cognitive function, including
the role of heavy metal contamination.

The findings are supported by a positive association between
iron intake and other disorders that induce cognitive decline, such
as Parkinson disease, in a Western population (8). However, in
Asia, an inverse association between iron intake and Parkinson
disease was found in a Japanese case-control study (28). There
is a limited number of studies on iron intake and cognitive
function with consistent findings. Our findings disagree with a
cross-sectional study that reported a positive association between
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TABLE 2 Regression coefficients (95% CIs) for cognitive function by quartiles of iron intake among Chinese adults aged ≥55 y who participated in the
China Health and Nutrition Survey1

Iron intake quartiles

1 (low intake;
median: 14.6 mg/d) 2 (19.3 mg/d) 3 (23.7 mg/d)

4 (high intake; 31.7
mg/d) P-trend

Global cognitive function
Model 1 0.00 − 0.26 (−0.61, 0.09) − 0.74 (−1.11, −0.37) − 1.49 (−1.89, −1.09) <0.001
Model 2 0.00 − 0.36 (−0.73, 0.01) − 0.59 (−0.98, −0.20) − 0.90 (−1.32, −0.47) <0.001
Model 3 0.00 − 0.36 (−0.74, 0.01) − 0.58 (−0.97, −0.19) − 0.89 (−1.32, −0.47) <0.001
Model 4 0.00 − 0.39 (−0.77, −0.01) − 0.55 (−0.95, −0.15) − 0.90 (−1.33, −0.47) <0.001

Sensitivity analysis 0.00 − 0.39 (−0.75, −0.03) − 0.52 (−0.90, −0.14) − 0.85 (−0.13, −0.44) <0.001
Verbal memory score

Model 1 0.00 − 0.31 (−0.55, −0.06) − 0.56 (−0.82, −0.30) − 0.98 (−1.26, −0.69) <0.001
Model 2 0.00 − 0.33 (−0.60, −0.06) − 0.44 (−0.72, −0.16) − 0.61 (−0.91, −0.30) <0.001
Model 3 0.00 − 0.32 (−0.59, −0.05) − 0.43 (−0.72, −0.15) − 0.60 (−0.90, −0.29) <0.001
Model 4 0.00 − 0.34 (−0.61, −0.06) − 0.40 (−0.69, −0.12) − 0.60 (−0.92, −0.29) <0.001

Sensitivity analysis 0.00 − 0.32 (−0.58, −0.05) − 0.41 (−0.69, −0.13) − 0.59 (−0.89, −0.28) <0.001

1n = 4852. Regression coefficients (95% CIs) were estimated with mixed-effects regression models with different levels of adjustment. Model 1 adjusted
for age, gender, and energy intake. Model 2 further adjusted for intake of fat, smoking, alcohol drinking, income, urbanicity, education, and physical activity.
Model 3 further adjusted for intakes of fruit and vegetables. Model 4 further adjusted for BMI and hypertension. The sensitivity analysis model 4 further
adjusted for diabetes and stroke after excluding those with a global cognitive function score ≤4. All the adjusted variables were treated as time-varying
covariates.

iron intake and cognitive function in a Spanish population aged
65–90 y (29). The reasons for the discrepancies include the
differences in study design and exposure classification. In the
Spanish study, those receiving diabetes treatment were excluded
and the mean intake of iron was ∼12 mg/d in men and 10 mg/d in
women (29). In the Japanese study, the mean iron intakes in the
cases and controls were only 7.5 and 7.6 mg, respectively (28).
Furthermore, the variation in iron intake in the Japanese study

was also small (<6.42 compared with >8.73 mg/d in the first and
fourth quartiles of iron intake). The iron intake in our study was
higher than in the Western population. Nonheme iron is the major
source of total iron intake in the Chinese population (30). It has
been reported that the mean iron intake ranged from 22.1 to 26.1
between 1991 and 2004 in the CHNS (30). Mean iron intake in the
highest quartile in our analysis was 3 times the recommended iron
intake (i.e., 12 mg/d) for Chinese adults (31). Although nonheme

FIGURE 1 Interaction between iron intake and BMI in relation to global cognitive function. Values are means (95%CI) derived by using the margins
command in Stata after running a mixed linear model adjusted for age, gender, intakes of energy and fat, education, urbanicity, smoking, alcohol drinking,
physical activity, and intakes of fruit and vegetables. P-interaction between iron intake and BMI = 0.008. Numbers of observations and the median intake of
iron are presented in each quartile of iron intake (Q1–Q4). Q, quartile.
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TABLE 3 ORs (95% CIs) for global cognitive scores <7 across quartiles of iron intake among Chinese adults aged ≥55 y by characteristics: China Health
and Nutrition Survey1

Iron intake quartiles

1 (low intake;
median: 14.6 mg/d) 2 (19.3 mg/d) 3 (23.7 mg/d)

4 (high intake; 31.7
mg/d)

P-
interaction

Overall sample 1.00 1.06 (0.87, 1.30) 1.09 (0.88, 1.35) 1.30 (1.04, 1.64)
Income 0.046

Low 1.00 1.15 (0.83, 1.61) 0.95 (0.67, 1.34) 0.93 (0.65, 1.34)
Medium 1.00 1.02 (0.72, 1.46) 1.20 (0.83, 1.75) 1.59 (1.07, 2.37)
High 1.00 1.04 (0.70, 1.53) 1.11 (0.73, 1.71) 1.85 (1.18, 2.91)

Overweight/obesity
0.038

No 1.00 1.00 (0.78, 1.29) 0.97 (0.75, 1.26) 1.06 (0.80, 1.41)
Yes 1.00 1.27 (0.91, 1.78) 1.41 (0.97, 2.04) 2.04 (1.38, 3.01)

Hypertension 0.914
No 1.00 1.11 (0.86, 1.44) 1.11 (0.85, 1.46) 1.36 (1.02, 1.80)
Yes 1.00 0.95 (0.69, 1.31) 1.02 (0.73, 1.43) 1.15 (0.80, 1.66)

Gender 0.904
Men 1.00 1.14 (0.78, 1.67) 1.09 (0.74, 1.62) 1.25 (0.84, 1.86)
Women 1.00 1.02 (0.80, 1.30) 1.08 (0.83, 1.40) 1.34 (1.00, 1.78)

Urbanization 0.647
Low 1.00 1.33 (0.84, 2.09) 1.45 (0.92, 2.27) 1.65 (1.04, 2.61)
Medium 1.00 1.06 (0.72, 1.55) 1.09 (0.73, 1.63) 1.06 (0.70, 1.61)
High 1.00 0.97 (0.73, 1.29) 0.94 (0.68, 1.29) 1.35 (0.95, 1.93)

1n = 4852. Mixed-effects logistic modes adjusted for age, gender, intake of energy and fat, smoking, alcohol drinking, income, urbanicity, education,
physical activity, intakes of fruit and vegetable, BMI, and hypertension. Stratification variables were not adjusted in the corresponding models. Income was
categorized into low, medium, and high on the basis of tertile of year-specific income.

iron has a lower bioavailability than heme iron, nonheme iron
intake but not heme iron intake was associated with Parkinson
disease in the United States (8).

The mechanisms linking iron intake and cognitive function
have yet to be fully elucidated. In 1956, Harman (32) hypoth-
esized that free nonheme iron is a major factor in neural and
cognitive aging. Several reviews showed the important role of
iron in neurodegenerative diseases as a redox-active ion that can
cause oxidative stress in the cell (7, 33). In animal studies, iron
intake is related to iron deposits in the brain (34). Given the
redox properties of iron, accumulation of iron in the brain may
increase oxidative stress on the brain. Furthermore, in rats, iron-
induced cognitive deficits were found to be related to dysfunction
of cholinergic neural transmission in the brain (35). Iron chelation
has been shown to be effective in treating animal models of
neurodegenerative diseases, such as Parkinson and Alzheimer
diseases (33).

Human laboratory studies examining the iron-cognition re-
lation are limited and the findings are inconsistent. Although
a study in the United Kingdom found no association between
iron intake and brain iron deposit (36), another study in the
United States found that iron supplementation was associated
with increased brain iron (37). Epidemiologic studies have
also tested Harman’s hypothesis concerning the role of iron
in cognitive aging. A 2-y longitudinal study in 78 healthy
adults showed that accumulation of subcortical nonheme iron
is a risk factor for cognitive decline (38). High iron intake
has also been shown to be associated with an increased risk
of diabetes (9), Parkinson disease, and other neurodegenerative

diseases (7) in adult populations. Brain iron content is associated
with cognitive decline (39, 40) and amyloid deposition, which
has been associated with neurodegenerative disorders (41).
Furthermore, high iron status as indicated by serum ferritin,
transferrin, and hemoglobin concentrations has been shown to
be positively associated with increased risk of hyperuricemia
among participants of the CHNS (42). Moreover, hyperuricemia
is related to poor cognitive function in the Chinese population
(43). Serum ferritin is also positively associated with build-up
of neocortical amyloid-β (44). Further research is needed to
elucidate the mechanism behind the iron-cognition association.

The potential adverse health effects of high iron status in
the Chinese population have been studied. For example, high
iron status was associated with increased risk of mortality in
a 10-y follow-up study in Chinese adults (45). Serum ferritin
was positively associated with diabetes risk in several large-
population studies in China (46–52), which is consistent with
the findings among Western populations. Our current study
adds cognitive decline to the list of potential high-iron–related
health problems. Given the sharply increased burden of both
diabetes and dementia in China as well as the positive association
between iron and diabetes, an interplay between iron, diabetes,
and cognitive function decline is likely. The mediating effect of
diabetes between iron and cognitive function decline warrants
further exploration. Iron status in the Chinese population has
improved substantially because data from the Chinese National
Nutrition Survey showed that the prevalence of anemia was
reduced by 53% from 20.8% in 2002 to 9.7% in 2012 in
rural areas (14). The public health profile shift related to iron



Iron intake and cognitive function 115

intake in the past decades in China calls for timely policy
adjustment in high-risk populations (i.e., those at risk of iron
overload).

The strong positive association between high iron intake and
poor cognitive function among those with overweight or obesity
deserves attention and intervention. Contrary to the current
practice of iron supplementation and fortification in China,
reducing iron intake should be considered among those with
a high BMI, although further research is needed. Otherwise, a
further increase in the burden of dementia may be expected in
China, because with the ongoing increased intake of animal food
in the Chinese diet the bioavailability of iron will increase (53).

Key strengths of our study include the longitudinal study
design, multiple measurements of dietary intake, and the
relatively large sample size. The repeated measures of 3-d dietary
intake in combination with household food inventory provide a
robust estimate of long-term iron intake. The large variation in
iron intake makes it possible to assess the association between
high iron intake and cognitive function. The mean cumulative
iron intakes were 13.9 and 36.9 mg/d in the first and highest
quartiles of iron intake, respectively. However, we were not
able to explore the potential mechanisms due to a lack of
related biomarkers. Additional forms of iron intake, such as iron
supplementation, were not considered. The information on the
use of iron-fortified soy sauce was not available in the CHNS
because iron-fortified soy sauce was introduced to prevent anemia
in some provinces in China in 2003. Although iron-related
biomarkers are available in the 2009 survey, cognitive function
was not tested in 2009. Given the low cognitive status of the
cohort, the use of a 24-h food recall may be biased due to its
reliance on memory recall. Cognitive function is multifaceted,
and our study only measured cognition as a global measure
that relied on auditory and verbal processing skills. We did not
have other cognition measures such as speed of processing or
visual processing. In the analyses we have adjusted for potential
confounders including sociodemographic and lifestyle factors
and residual confounding is possible.

In conclusion, our study found that high iron intake was
positively associated with poor cognition among Chinese adults,
independent of gender and lifestyle and sociodemographic
factors. There is a significant interaction between iron intake and
BMI, showing increased cognitive decline in those with a high
BMI and a high iron intake. This study supports the importance
of a balanced diet with appropriate amounts of iron intake.
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