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Abstract

The association between dietary Fe intake and diabetes risk remains inconsistent. We aimed to explore the association between dietary Fe intake
and type 2 diabetes mellitus (T2DM) risk in middle-aged and older adults in urban China. This study used data from the Guangzhou Nutrition and
Health Study, an on-going community-based prospective cohort study. Participants were recruited from 2008 to 2013 in Guangzhou community.
A total of 2696 participants aged 40-75 years without T2DM at baseline were included in data analyses, with a median of 5-6 (interquartile range
4-1-5-9) years of follow-up. T2DM was identified by self-reported diagnosis, fasting glucose > 7-0 mmol/1 or glycosylated Hb > 6-5 %. Cox pro-
portional hazard models were used to estimate hazard ratios (HR) and 95 % CI. We ascertained 205 incident T2DM cases during 13 476 person-
years. The adjusted HR for T2DM risk in the fourth quartile of haem Fe intake was 1:92 (95 % CI 1:07, 3-46; Pyrena = 0-010), compared with the first
quartile intake. These significant associations were found in haem Fe intake from total meat (HR 2-74; 95 % CI 1-22, 6:15; Pyeng = 0-011) and haem
Fe intake from red meat (HR 1-86; 95 % CI 1-01, 3-44; Pyeng = 0-034), but not haem Fe intake from processed meat, poultry or fish/shellfish. The
association between dietary intake of total Fe or non-haem Fe with T2DM risk had no significance. Our findings suggested that higher dietary
intake of haem Fe (especially from red meat), but not total Fe or non-haem Fe, was associated with greater T2DM risk in middle-aged and older

adults.
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In recent decades, the prevalence of type 2 diabetes mellitus
(T2DM) has risen dramatically in countries of all income levels™,
China is experiencing an unprecedented epidemic of T2DM with
a prevalence of up to 9-4 %®. Middle-aged and older Chinese
adults are at high risk, and the prevalence reached 20-2 % among
those over 65 years®. The risk factors of T2DM are complicated,
but some of those are modifiable, such as obesity, unhealthy
diet, physical inactivity and smoking. Considerable evidence
has highlighted the importance of dietary factors that contribute
to the onset of T2DM™,

Fe is a critical essential trace element in the diet, which plays a
vital role in erythrocyte production, DNA replication, muscle
growth, oxygen transport and diverse metabolic responsibilities.
As a prooxidant and catalyst, free Fe helps to generate reactive
oxygen species leading to oxidative stress®. The pancreatic 8
cells are particularly vulnerable to oxidative stress for their weak
antioxidative defence mechanisms®. Haem Fe only comes from
Hb and myoglobin in animal tissue, while non-haem Fe is found

in both plant and animal products and is the only form of Fe in
plants. Haem Fe is more efficiently absorbed and has a greater
bioavailability than non-haem Fe™.

Some studies have investigated the association between
dietary Fe and the risk of diabetes®™. Results from Western devel-
oped countries have shown that haem Fe intake, which is only
found in animal tissue, has been positively associated with the
risk of T2DM®-12, Results from north China and Chinese people
in Singapore also showed a positive association between haem
Fe intake and T2DM319_ Few studies have examined and found
that total or non-haem Fe intake is associated with T2DM risk®.
However, a large prospective cohort study in China showed a
non-linear association between total or non-haem Fe intake with
diabetes risk, but not haem Fe!>. The Western dietary pattern
tends to be an animal-based diet characterised by a higher intake
of meat and meat products"®. The traditional Chinese dietary
pattern is characterised as a plant-based diet with a higher intake
of rice and vegetables, implying a low bioavailability of dietary
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Fe''”. Due to economic growth and urbanisation, the Chinese
dietary pattern has undergone a rapid change in recent decades.
The decline in intake of plant-source foods and the increase in
intake of animal-source foods are leading to a higher intake of
dietary total and haem Fe®. Therefore, this study aimed to
examine the associations between intakes of total Fe, haem Fe
and non-haem Fe with incident T2DM in middle-aged and older
adults in southern urban China.

Methods
Study population

This study was based on the Guangzhou Nutrition and Health
Study (GNHS), an on-going community-based prospective cohort
study to investigate risk factors of CVD, diabetes mellitus, osteopo-
rosis and other several chronic diseases. Participants were recruited
through advertisements, health talks and referrals in the community
of Guangzhou, China. This study recruited two batches of partici-
pants living in Guangzhou city (South China) for >5 years, between
July 2008 and June 2010 and between March 2013 and August 2013,
with a total of 4048 participants. Among 4048 participants, forty par-
ticipants were older than 75 years old and sixteen residents did not
participate in any questionnaire survey or measurement in this
study. Finally, 3992 participants, aged 40-75 years, were eligible
for inclusion in this study (GNHS 2008-2010, n 3158; GNHS
2013, n 834). All participants were notified by telephone to follow
up every 2-3 years. Two follow-up visits were conducted for par-
ticipants recruited between 2008 and 2010, and one follow-up visit
for participants recruited in 2013. The study protocol of GNHS was
registered in ClinicalTrials.gov (NCT03179657) and was approved
by the Ethical Committee of School of Public Health, Sun Yat-sen
University. Written informed consent was obtained from all
participants.

Participants were excluded if they met one of the following
exclusion criteria: (1) diabetes at baseline (72 312); (2) reported
severe chronic disease at baseline, for example, cancer (n 27),
chronic renal insufficiency (z2 8), cirrhosis and chronic hepatitis
(n 138); (3) without fasting glucose or glycosylated Hb (HbA1lc)
measurement at baseline and follow-up visits (12 174); (4) those with
unreasonably high (>16 736 kJ/d (>4000 kcal/d) for males and >14
644kJ/d (>3500kcal/d) for females) or low (<3347KkJ/d
(<800 kcal/d) for males and <2092 kJ/d (<500 kcal/d) for females)
energy intake (12 43); (5) missing data on diet variables (12 29) or
other variables (e.g. height, weight, socio-demographics, 7 78);
(6) diabetes occurring within 1 year after baseline (72 12) and (7)
lost to follow-up (refusal, withdraw, serious diseases or death,
n 491, follow-up rate >80%). In total, 2696 participants were
included in data analysis, with a median follow-up time of 5-6 (inter-
quartile range 4-1-5-9) years. The flow chart of the study partici-
pants is shown in Fig. 1.

Data collection

Trained project members conducted the face-to-face interviews
in all questionnaire surveys at baseline and each follow-up visit.
The questionnaire contents included: age, sex, household
income, education level, history of chronic disease, smoking

status, alcohol drinking, physical activity, dietary habits and
SO on.

A validated FFQ including seventy-nine items was used to
collect information on the usual diet over the previous year'!?,
The frequency of each food item (never, per year, per month,
per week or per day) and the amount of food consumption (serv-
ings or portion sizes) were recorded. Nutrient content of all food
items came from the Chinese Food Composition Table 2004,
Nutrient intake was calculated by multiplying food intake by the
nutrient content of the specified food portion size. The energy-
adjusted Pearson correlation coefficients between the FFQ and
the six 3-d dietary records ranged from 0-25 to 0-65 for nutrients
and 0-30 to 0-68 for food groups. Dietary Fe intake was not specifi-
cally calculated in the previous validation study. In this study, total
Fe intake was the sum of haem Fe (animal-derived) and non-haem
Fe (both animal- and plant-derived). The FFQ included nineteen
animal-source food items, including livestock (seven items), poultry
(three items), fish (four items), mollusk (one item), shrimp and crab
(two items), and mixed products (two items, containing some
meat). Mix products (dumplings and stuffed bun) were disinte-
grated into pork and other sources®. Total meat includes red meat,
processed meat and poultry. Red meat is considered as unproc-
essed mammalian muscle meat, like pork, beef and lamb. Haem
Fe was computed as 40 % of total Fe content in all animal tissues
including red meat, poultry, fish and animal organs®?. Non-haem
Fe was calculated by adding Fe content in all non-meat foods and
60 % of Fe content in all animal tissues, which was equal to that total
Fe subtracted haem Fe.

Anthropometric measurements and blood pressure were per-
formed by trained project members at baseline and each follow-
up visit. Anthropometric measurements, including height and
weight, were measured twice, and the average numbers were cal-
culated. When height and weight were measured, participants
took off shoes and coats and wore light clothing. They stood erect
with back, buttocks and heels in continuous contact with the ver-
tical height rod of the stadiometer. The horizontal headpiece was
placed on top of the participant’'s head to measure height with an
accuracy of 0-1 cm. Weight was measured to the nearest 0-1 kg by
using an electronic weighing scale. BMI was calculated as weight
(kg) divided by square of height (m?). After participants had rested
at least 10 min, blood pressure was consecutively measured twice
on the left arm with a mercury sphygmomanometer. If the differ-
ence between two systolic or diastolic blood pressures recorded
was over 4 mmHg or 3 mmHg, respectively, a third measurement
was made and the mean of all the readings was used in sub-
sequent analyses. Hypertension was defined as systolic blood
pressure >140 mmHg, diastolic blood pressure >90 mmHg or
self-reported hypertension medications.

Assessment of type 2 diabetes mellitus incidence

Incident cases of T2DM were identified if participants met one of
the following conditions during the follow-up visits: fasting glu-
cose > 7-0 mmol/l or HbAlc >6-5 %, according to the American
Diabetes Association criteria® (12 139); or self-reported diagnosed
T2DM (72 66). Participants were asked the following questions in the
face-to-face interviews to confirm self-reported T2DM cases during
the follow-up visits: (1) ‘Have you ever been diagnosed with
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3158 participants
(July 2008 — June 2010)

607 excluded:

197 diabetes at baseline
112 severe chronic disease

9 diabetes within 1 year
40 with extreme energy intake

22 Torwlo Bollowu 2551 participants retained

in the 1st follow-up visit
(April 2011 — March 2013)

834 participants
(March 2013 — August 2013)

376 excluded:
115 diabetes at baseline

313 excluded:
84 missing data
144 without FG measurement

85 loss to follow-up

61 severe chronic disease
3 diabetes within | year

3 with extreme energy intake

23 missing data

2238 participants retained
in the 2nd follow-up visit
(September 2014 — May 2017)

.. . 30 without FG measurement
458 participants retained
141 loss to follow-up

in the 1st follow-up visit
(September 2014 — May 2017)

2696 participants included in data analysis
205 incident diabetes cases

Fig. 1. Flow chart of the study participants. FG, fasting glucose.

diabetes by your doctor?’ If yes, (2) ‘When you were diagnosed with
diabetes? (3) ‘What type of diabetes was you diagnosed with? (4)
‘What was your fasting glucose on average last year? and (5) ‘Have
you taken medicine regularly as required by your doctor in the past
year? T2DM cases were identified until May 2017.

Measurement of fasting glucose and HbA1c

After 12-h overnight fasting, venous blood samples were collected
by drawing from the antecubital vein at baseline and each follow-
up visit. The blood samples were centrifuged at 3000 r/min,
aliquoted and stored at —80 °C until analysed. fasting glucose
was measured by the colorimetric method using a Roche Cobas
800 ¢702 automated analyzer (Roche Diagnostics GmbH).
HbAlc was measured by HPLC using the Bole D-10
Hemoglobin Alc Program on a Bole D-10 Hemoglobin Testing
System. The CV for the between-run assays were 2-5 % for fasting
glucose and 0-75 % for HbAlc.

Statistical analysis

Dietary data were energy-adjusted by using the residual method
to compute residuals of dietary intake by removing the variation
caused by total energy intake®?. Participants were divided into
four groups according to sex-specific quartiles of energy-
adjusted intakes of total, haem and non-haem Fe. Person-years
were calculated for each participant from the date of baseline
until the date of diabetes diagnosed or the date of the last fol-
low-up visit. The differences of characteristics and dietary intake
at baseline across the quartiles of dietary Fe intake were

examined by using one-way ANOVA or the Kruskal-Wallis test
for continuous variables, and the y* test for categorical variables.

Cox proportional hazard models were used to examine the
association between quartiles of dietary Fe intake and T2DM risk by
taking the first quartile intake as the reference category in the multi-
variable-adjusted models. Model 1: adjusted for age (continuous),
BMI (continuous, kg/m?), education level (<9, 9-12, >12 years),
household income (<500, 500-1500, 1500-3000, >3000 yuan/
month per person), smoking status (non-smoker, smoker), alcohol
drinking status (non-drinker, drinker) and physical activity (con-
tinuous, metabolic equivalent of energy-h/d). Model 2: adjusted
for model 1 plus dietary intakes of total energy, protein, fibre, cho-
lesterol, the ratio of PUFA:SFA, Mg, vitamin C, meat, vegetables, fruit
(all in sex-specific quartiles), additionally adjusted non-haem Fe for
haem Fe and adjusted haem Fe for non-haem Fe. Results were
shown as hazard ratios (HR) and 95 % CI. Pyeng Was calculated
by treating the median value of each quartile of dietary Fe intake
as continuous values to examine the trend of T2DM risk with
increased intake of dietary Fe. We repeated the analyses to evaluate
the association of haem Fe intake stratified by food sources (i.e. total
meat, red meat, processed meat, poultry and fish/shellfish) with
T2DM risk.

We conducted sensitivity analyses based on multivariable-
adjusted models among participants recruited in two batches
(GNHS 2008-2010 and GNHS 2013) separately. Restricted cubic
spline was conducted to test the non-linearity association of Fe
intake and T2DM risk in the multivariable-adjusted Cox regres-
sion model, but no significant non-linearity association was
found. No significant interactions were found between dietary
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intakes of total Fe, haem Fe or non-haem Fe with age, sex, batch,
baseline BMI and hypertension on T2DM risk. Therefore, no
stratified analyses were performed.

Data were analysed by SPSS version 21.0 (SPSS Inc.) and
STATA statistical software version 15.0 (Stata Corp.). A two-sided
P <0-05 was considered statistically significant.

Results

Participants had a mean age of 57-9 (sp 5-6) years at baseline,
and 70-8% were female. During a median follow-up of
5-6 years (13 476 person-years), 205 incident cases of T2DM
were identified. The median intakes of total Fe, haem Fe
and non-haem Fe were 19-9, 1-2 and 18-7 mg/d among men
and 20-2, 1.2 and 189 mg/d among women, respectively.
0-26 % of participants had a high intake of dietary total Fe
(=42 mg/d).

The baseline characteristics across the sex-specific quartiles
of dietary Fe intake are presented in Table 1 and online
Supplementary Table S1. Compared with the lowest quartile, par-
ticipants in the highest quartile of haem Fe intake were more likely
to be younger and smokers and have a lower prevalence of hyper-
tension. No statistical differences were observed in education level,
household income, alcohol drinking status, physical activity and
BMI among all Fe intake groups. For dietary intake, participants
in the highest quartile of total and non-haem Fe intake consumed
more carbohydrate, fibre, protein, cholesterol, Mg, vitamin C, cer-
eals, poultry, fish/shellfish, vegetables and fruit (all 7 < 0-00D).
Participants in the highest quartile of haem Fe intake consumed
more protein, total fat, cholesterol, red meat, poultry and fish/shell-
fish, while consumed less carbohydrate, fibre and cereals com-
pared with the lowest quartile (all P < 0-00D).

After adjustment for socio-demographics, lifestyle and
dietary intake, the HR for T2DM risk in the highest
quartiles of haem Fe intake was 1-92 (95% CI 1-07, 3-40;
Piena=0:010), compared with the lowest quartile intake
(Table 2). However, no significant association was found
between intakes of total Fe or non-haem Fe with T2DM risk.
Compared with the lowest quartile, the HR for T2DM risk in
the highest quartile of total Fe intake and non-haem Fe intake
were 1:34 (95 % CI1 077, 2-:34; Pirena = 0-391) and 0-92 (95 % CI
0-52, 1-62; Pyopa = 0-696).

The association between haem Fe intake stratified by food
sources with T2DM risk is presented in Table 3. The adjusted
HR for T2DM for haem Fe from total meat was 2-74 (95 % CI
1-22, 6-15; Pyena =0-011), compared the highest quartile with
the lowest quartile. For haem Fe intake from red meat, the par-
ticipants with the highest quartile had 86 % (HR 1-86; 95 % CI
1-01, 3-44; Pyena=0-034) higher risk for T2DM, compared
with the lowest quartile, while no significant associations
were found in haem Fe intake from processed meat (HR
1-05; 95 % CI 0-71, 1-56; Pyrena = 0-809), haem Fe intake from
poultry (HR 1-05; 95 % CI 0-68, 1:62; Pyeng =0-801) or haem
Fe intake from fish/shellfish (HR 0-81; 95% CI 0-49, 1-33;
Pirena =0-280).

The baseline characteristics across the two batches are pre-
sented in Supplementary Table S2. No significant interaction

was found between dietary intakes of total Fe, haem Fe or
non-haem Fe with batch on T2DM risk (Piperaction = 0340,
0-306, 0-710, respectively). No substantial difference in sensi-
tivity analyses was found among participants recruited from
the GNHS 2008-2010 (1 2238). However, no association
was found between dietary Fe intake and T2DM risk in the
GNHS 2013 (1 458), which might be explained by the small
sample size (online Supplementary Table S3 and Table S4).

Discussion

In this prospective cohort study with over 5-year follow-up, we
found that dietary intake of haem Fe (especially from red meat)
was positively associated with T2DM risk in middle-aged and
older Chinese adults. However, no significant association was
found between total Fe or non-haem Fe intake with T2DM risk.

Our findings were consistent with an umbrella review of
meta-analyses, which reported the association of higher haem
Fe intake with increased diabetes risk, but no clear association
was found for total Fe®>. Many studies had observed a signifi-
cant and positive association between haem Fe intake and
T2DM risk@ 1420 As for total Fe and non-haem Fe intake, the null
associations observed in this study were consistent with findings
in a meta-analysis (including four studies in Western developed
countries and one study in China)®. Contrary to the results of
this study, two prospective cohort studies (conducted among
Chinese adults and middle-aged and older Japanese adults) sug-
gested that intakes of dietary total and non-haem Fe were asso-
ciated with T2DM risk, but not haem Fe'>?”. As mentioned
above, the results from China were inconsistent’>'%. Cross-
sectional findings obtained by Shi et al. also reported the positive
association between intakes of total Fe and non-haem Fe with
diabetes, and haem Fe intake was found no association®®2%,
However, a prospective study by Shi et al. reported that high
haem Fe intake was associated with hyperglycaemia, and the
association between total Fe and hyperglycaemia was significant
in men but not women®©®,

In this study, we only found that higher haem Fe intake was
associated with greater T2DM risk, but not total Fe and non-haem
Fe. Dietary intakes of total Fe and non-haem Fe in this study analy-
sis were higher than those in the Western countries®"3?.
However, the prevalence of participants with total Fe intake
above 42mg/d (the tolerable upper intake level) was only
0-26 %. Non-haem Fe was close to 94 % of total Fe intake so that
the absorption of dietary total Fe may be most dependent on
non-haem Fe. Dietary components, such as phytate, oxalate, poly-
phenols, animal protein, vitamin C, could affect the absorption of
non-haem Fe with estimated 1-20% bioavailability. However,
haem Fe is less dependent on the general composition of a diet
with estimated 15-35 % bioavailability. Consequently, haem Fe
can contribute to over 40 % of the total absorbed Fe in diet®33%,
Haem Fe intake has been previously shown a positive association
with body Fe store, while non-haem Fe intake has been previ-
ously shown no association®3”, Other studies have reported
a positive association between non-haem Fe intake and Fe stores,
but haem Fe had a stronger association than non-haem Fe®®. The
differences in the bioavailability and the ability to raise body Fe
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Table 1. Baseline characteristics according to the sex-specific quartiles (Q) of dietary intake of iron in middle-aged and older Chinese
(Mean values and standard deviations, n 2696)

Total Fe Haem Fe Non-haem Fe
Q1 (n673) Q4 (n 675) Q1 (n673) Q4 (n 675) Q1 (n673) Q4 (n 675)
Mean SD Mean SD P Mean SD Mean sD P Mean SD Mean SD P

Age (years) 58-0 5.7* 57-9 55 0-963 58-9 5.7 57-0 52 <0-001 576 56 582 54 0-082
Female (%) 70-9 70-8 1.000 70-9 70-8 1-000 70-9 70-8 1-000
Education level (%) 0-803 0-149 0473

<9years 28-8 27-6 299 27-3 27-8 27-0

9-12years 471 46-5 43-8 51.0 476 46-7

>12years 241 25.9 26-3 21.8 24.7 264
Household income (%) 0-272 0-060 0-323

<500 yuan/month per person 1.6 2:5 22 2:2 1.9 2:5

501-1500 yuan/month per person 278 24.7 24.8 292 294 24.3 §

1501-3000 yuan/month per person 462 436 46-5 44.6 44.6 44.4 E

>3000 yuan/month per person 234 292 265 24.0 241 287 %
Smoker (%) 15-3 135 0.777 12.6 176 0-037 16-1 130 0-383 =
Alcohol drinker (%) 71 62 0-551 4.8 74 0-206 71 53 0499
Physical activity (MET-h/d) 40-9 149 42.2 151 0-339 421 152 40-9 14.7 0-495 41.0 14.9 42.7 15-3 0-218 a
BMI (kg/m?) 233 3.0 231 29 0-453 231 29 23-0 31 0-256 233 31 232 2.9 0513 ~
Hypertension (%) 34.8 31.0 0-168 36-9 29-8 0-046 333 314 0-238 5
Total energy (kcal/d)* 1785-3 527-0 1796-6 4799 0979 1793-2 4998 17986 504-9 0679 1790-8 525.2 17825 4671 0920 =
Carbohydrate (g/d)t 2246 335 2384 30-9 <0-001 2533 317 2144 29.2 <0-001 2193 326 2427 30-4 <0001 &
Fibre (g/d)t 89 23 133 32 <0-001 115 35 104 28 0-001 88 22 135 31 <0001 &
Protein (g/d)t 65-3 9-3 786 11.2 <0-001 63-1 81 81.9 135 <0-001 68-0 130 767 110 <0001 ¥
Total fat (g/d)t 64-0 139 53-0 112 <0-001 52.7 135 61-6 122 <0-001 65-2 134 520 111 <0-001 ?3
Ratio of PUFA:SFAt 112 0-61 1.07 0-32 0-027 1-20 0-52 0-98 033  <0-001 1.09 0-60 1.09 0-34 0-001 =
Cholesterol (mg/d)t 3158 123-6 3833 2117 <0-001 2737 173-4 423-8 1324 <0-001 3332 129.0 366-7 2130 0-008 2
Vitamin C (mg/d)t 98-0 411 169-4 66-1 <0-001 130-4 65-8 131-8 52.3 0-703 98-9 40-5 1718 659 <0-001
Mg (mg/d)t 300-0 451 4194 751 <0-001 3594 814 3579 66-5 0-564 300-3 46-4 4205 73-2 <0-001
Total Fe (mg/d)t 173 11 238 2.3 <0-001 20-0 30 21.2 27 <0-001 174 1.2 237 24 <0-001
Haem Fe (mg/d)t 11 05 1.5 0-8 <0-001 07 02 21 0-6 <0-001 1-3 05 1-3 0-8 0-720
Non-haem Fe (mg/d)t 162 11 223 24 <0-001 19-3 30 191 25 0-109 161 11 224 23 <0-001
Cereals (mg/d)t 6224 1571 6397 173-5 <0-001 7159 186-7 586-8 1517 <0-001 601-5 150-1 6515 177-2 <0-001
Total meat (g/d)t 106-5 48-3 105-8 52.9 0-625 60-6 215 1531 511 <0-001 1175 50-7 96-8 48-8 <0-001
Red meat (g/d)t 84.5 429 776 41.7 0-009 47-2 20-4 1151 46-9 <0-001 92-1 44.3 71-3 38-3 <0-001
Processed meat (g/d)t 31 59 28 4-6 0-343 1.8 24 4.7 85 <0-001 35 68 27 4.6 0-001
Poultry (g/d)t 22.0 192 282 279 <0-001 134 99 38-0 32-8 <0-001 25-3 23-2 256 25-8 0-307
Fish/shellfish (g/d)t 41.0 375 62-3 53-0 <0-001 318 21-0 797 89.2 <0-001 50-6 731 571 45.8 <0-001
Vegetables (g/d)t 268-0 104-6 506-0 220-2 <0-001 3791 2116 3804 155.7 0-342 271-0 105-2 5134 2181 <0-001
Fruit (g/d)t 130-6 104-9 160-5 999 <0-001 153-4 119:9 1378 931 0-065 1305 101-3 162-2 1047 <0-001

MET, metabolic equivalent of energy.
* To convert kcal to kd, multiply by 4-84.
1 Dietary data were energy-adjusted.
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Table 2. Type 2 diabetes mellitus (T2DM) according to sex-specific quartiles (Q) of total iron intake, haem iron intake and non-haem iron intake in middle-

aged and older Chinese
(Hazard ratios (HR) and 95 % confidence intervals, n 2696)

Dietary Fe intake

Q1 (n673) Q2 (n674) Q3 (n674) Q4 (n 675)
HR 95 % ClI HR 95 % ClI HR 95 % ClI HR 95 % ClI Pirend®

Total Fe

Intake (mg/d)t 17-54 19-37 20-88 23-21

T2DM cases (n) 46 55 43 61

Person-years 3387 3381 3374 3334

Model 1% 1.00 Reference 1.28 0-86, 1-90 0-94 0-62, 1-43 1.45 098, 212 0-134

Model 2§ 1.00 Reference 1.28 0-83, 1-96 0-96 0-58, 1-60 1-34 077,234 0-391
Haem Fe

Intake (mg/d) 0-71 1-03 1.34 1-89

T2DM cases (n) 59 40 46 60

Person-years 3319 3394 3381 3379

Model 1 1.00 Reference 0-67 0-45, 1-00 078 0-53, 1-16 1.08 0.75, 1.55 0-395

Model 2 1-00 Reference 0-90 0-57,1-43 1-30 0-76, 2.22 1.92 1.07, 3:46 0-010
Non-haem Fe

Intake (mg/d) 16-35 1812 19-58 21-81

T2DM cases (n) 50 51 45 59

Person-years 3393 3367 3388 3326

Model 1 1.00 Reference 1.04 070, 1-53 091 0-60, 1-36 1.23 0-84, 1-80 0-351

Model 2 1.00 Reference 0-98 0-64, 1-50 079 0-48, 1-31 0-92 052, 1-62 0-696

* Cox proportional hazard model was used to calculate P for trend by treating the median values of dietary Fe intake in quartiles as continuous values.

1 Dietary Fe intake was shown as median intake value of each quartile.

1 Model 1: Adjusted for age (continuous), education level (<9, 9-12, >12 years), household income (<500, 501-1500, 1501-3000, >3000 yuan/month per person), smoking status
(non-smoker, smoker), alcohol drinking status (non-drinker, drinker), physical activity (continuous) and BMI (continuous).
§ Model 2: Adjusted for model 1 plus intakes of total energy, protein, fibre, cholesterol, the ratio of PUFA:SFA, Mg, vitamin C, meat, vegetables and fruit (all in sex-specific quartiles).

Additionally adjusted non-haem Fe for haem Fe and adjusted haem Fe for non-haem Fe.

stores might partly explain why only haem Fe intake was associ-
ated with T2DM®. In this study, the median haem Fe intake
(1-2 mg/d) was lower than that in European (1-8 mg/d)'?, but
itwas higher than that in Japanese (0-2 mg/d)*” and that ina large
sample of Chinese adults (0-75 mg/d for men and 0-65 mg/d for
women)'>. In Japan, high fish intake contributes to most of the
haem Fe (45 % haem Fe comes from fish), but haem Fe largely
comes from red meat in Western developed countries and
China. On the other hand, findings from a large sample of
Chinese adults reported that non-haem Fe and total Fe showed
non-linear associations with diabetes risk. At relatively low levels
of non-haem or total Fe intake, a negative correlation between
intake and diabetes risk was reported, but when non-haem Fe
intake exceeded 41 mg/d or total Fe intake exceeded 46 mg/d,
higher intake increased diabetes risk in men®. Cross-sectional
findings obtained by Shi et al. reported that the highest (mean,
40-2 mg/d) v. the lowest (mean, 15-4 mg/d) quartile of total Fe
intake was associated with diabetes risk®®*??. However, in this
study, the highest and the lowest quartile of total Fe intake were
23-8 mg/d and 17-3 mg/d (mean), respectively. The association
between total Fe or non-haem Fe with diabetes may be dose-
dependent, and low intake may not pose a risk. Besides, partic-
ipants from this study were middle-aged and older adults living
in anurban city, while the majority of participants from other stud-
ies from China were adults aged over 20 years, which may affect
the results. Furthermore, compared with the lowest quartile of
haem Fe intake, participants with the highest quartile consumed
more total fat, less fibre (Table 1), which might increase the risk of
T2DM. However, participants in the highest quartile of total or

non-haem Fe intake were likely to have a better dietary pattern
with more fibre, vitamin C, Mg, vegetables, fruit and less total
fat (Table 1), and it might prevent the incidence of T2DM.
Although we adjusted these variables in multivariable-adjusted
models, the differences in dietary patterns among groups could
not be ignored.

We found that intakes of haem Fe intake from total meat and
red meat were associated with T2DM risk, but not haem Fe
intake from processed meat, poultry or fish/shellfish. Few stud-
ies have examined the association between T2DM risk and haem
Fe from different food sources. A meta-analysis of ten cohort
studies suggested that meat intake, including total meat, red meat
and processed meat, was associated with T2DM risk®”. A cohort
study in the Singapore Chinese population found that the HR for
diabetes were 1-23 (95 % CI 1-14, 1-33) for red meat intake and
1-15 (95% CI 1-06, 1-24) for poultry intake after adjusting for
haem Fe intake. Meanwhile, haem Fe intake was associated with
T2DM risk?, which was consistent with this study. In a prospec-
tive study in the USA, researchers observed that haem Fe from
red meat was positively associated with the metabolic syndrome
and CVDY“Y but not haem Fe from other food sources. Although
we assumed a haem Fe content of 40 % of total Fe in animal tis-
sues, meat contains a higher level of Hb and myoglobin than fish;
thus, the percentage of haem Fe in meat is higher than fish®®?.
Besides, rich in total fat, saturated fat and other potential nutri-
tional components“"#?, red meat may independently or synerg-
istically interact with haem Fe to affect glucose metabolism.
Poultry and fish are health substitutions of red meat and proc-
essed meat to help decrease the risk of developing T2DM“,
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Table 3. Type 2 diabetes mellitus (T2DM) according to sex-specific quartiles (Q) of haem iron intake from different food sources in middle-aged and older

Chinese
(Hazard ratios (HR) and 95 % confidence intervals, n 2696)

Haem Fe intake

Q1 (n673) Q2 (n674) Q3 (n674) Q4 (n 675)
HR 95 % ClI HR 95 % ClI HR 95 % ClI HR 95 % Cl Prrend”

From total meat

Intake (mg/d)t 043 0-67 0-89 1.26

T2DM cases (n) 51 4 49 64

Person-years 3353 3374 3354 3393

Model 1% 1.00 Reference 0-83 0-54, 1.25 1-00. 0-67, 1.47 1-30 0-90, 1-89 0-074

Model 2§ 1.00 Reference 0-99 0-57,1-74 1.98 1.01, 3-89 2.74 1.22, 6:15 0-011
From red meat

Intake (mg/d) 0-26 0-46 0-64 0-94

T2DM cases (n) 50 43 47 65

Person-years 3393 3330 3385 3367

Model 1 1.00 Reference 0-85 0-56, 1-27 0-94 0-63, 1-40 1-31 091, 1.90 0-074

Model 2 1-00 Reference 0-96 0-61, 1.52 1.26 0-75, 213 1-86 1.01, 344 0-034
From processed meat

Intake (mg/d) 0-00 0-02 0-03 0-10

T2DM cases (n) 53 54 43 55

Person-years 3343 3391 3422 3318

Model 1 1.00 Reference 1.07 0-73, 1.57 0-81 0-54, 1.22 1-09 0.75, 1-60 0-651

Model 2 1.00 Reference 1-06 072, 1.57 0-80 0-53, 1-21 1.05 071, 1-56 0-809
From poultry

Intake (mg/d) 0-05 0-11 0-19 0-34

T2DM cases (n) 55 49 45 56

Person-years 3315 3360 3374 3426

Model 1 1.00 Reference 0-94 0-64, 1-39 0-86 0-58, 1-28 1.02 0.70, 1-48 0-874

Model 2 1-00 Reference 097 0-65, 1-44 0-92 0-60, 1-40 1-05 0-68, 1-62 0-801
From fish/shellfish

Intake (mg/d) 0-10 0-21 0-33 0-56

T2DM cases (n) 53 58 54 40

Person-years 3341 3296 3402 3436

Model 1 1.00 Reference 110 0-76, 1-60 1.01 0-69, 1-48 076 050, 1-15 0-126

Model 2 1-00 Reference 117 0-80, 1-72 1-08 0-71, 1.65 0-81 0-49, 1-33 0-280

* Cox proportional hazard model was used to calculate P for trend by treating the median values of dietary Fe intake in quartiles as continuous values.

1 Dietary haem Fe intake from dietary sources was shown as median intake value of each quartile.

1 Model 1: Adjusted for age (continuous), education level (<9, 9-12, >12 years), household income (<500, 500—1500, 1500-3000, >3000 yuan/month per person), smoking status
(non-smoker, smoker), alcohol drinking status (non-drinker, drinker), physical activity (continuous) and BMI (continuous).

§ Model 2: Adjusted for model 1 plus intakes of total energy, protein, fibre, cholesterol, the ratio of PUFA:SFA, Mg, vitamin C, meat, vegetables and fruit (all in sex-specific quartiles).

Red meat, especially fresh fatty pork, is the main component of
total meat intake in China®?; red meat was close to 76 % of total
meat in this study. Besides, the null association between haem Fe
from processed meat, poultry or fish/shellfish with T2DM risk
may be partly explained by the lower haem Fe intake from these
food sources than red meat in the present study (the median
haem Fe intake from different food sources was 0-78 mg/d for
haem Fe intake from total meat and 0-54 mg/d from red meat;
0-02mg/d from processed meat; 0-15mg/d from poultry;
0-26 mg/d from fish/shellfish).

In healthy individuals, the amount of Fe in the body is con-
trolled by its absorption, mobilisation, storage and recycling, but
Fe excretion is not actively regulated®®. Dietary Fe intake might
increase Fe absorbed by the intestine and body Fe stores“®;
studies have previously reported a positive association between
dietary Fe intake and body Fe status®>3®. Fe could trigger
inflammatory responses and promote reactive oxygen species
generation#®) Reactive oxygen species could cause pancre-
atic f cell apoptosis®® and impair the sensitivity to insulin in
the liver and muscle®”. Both non-haem Fe and haem Fe may
contribute to generating reactive oxygen species. However,

we only found that haem Fe intake was associated with diabetes
risk. Haem Fe intake might represent red meat intake in this
study. Our results suggested that higher haem Fe intake from
red meat was associated with higher T2DM risk, but not
haem Fe intake from processed meat, poultry or fish/shellfish
(Table 3). An umbrella review of meta-analyses has reported
that a higher intake of red meat was associated with an increased
incidence of diabetes with high quality of evidence®. Red meat
is a rich source of total fat, saturated fat and other potential nutri-
tional components, which could increase insulin resistance™?.
Haem Fe might be the substitute marker of red meat consump-
tion in this study.

To our knowledge, few prospective studies focused on the
association between dietary Fe intake and T2DM risk in
middle-aged and older Chinese adults. The strengths of this
study include the prospective study with over 5-year follow-
up period, the high rate of follow-up (>80 %). The face-to-face
interviews were conducted by trained project members to collect
data on dietary intake using a validated FFQ. Besides, we
adjusted for a variety of socio-demographics, lifestyle and dietary
factors to reduce the potential confounding effects. However,
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there are several limitations in this study. First, we analysed
dietary Fe intake at baseline, but we did not analyse the change
of dietary Fe intake during the study period. In addition,
although these Fe intakes of this study were almost comparable
to the intakes from other studies from China, dietary Fe intake
was not specifically calculated in the previous validation study.
Second, we did not analyse Fe metabolism biomarkers and
inflammatory markers for participants so that we cannot include
them in data analysis. As a confounding factor, Fe metabolism
mediates the association between Fe intake and T2DM risk.
Although participants in this study were free of severe chronic
diseases (i.e. cancer, chronic renal insufficiency, cirrhosis and
chronic hepatitis), the inflammatory status of participants was
not measured and inflammatory markers may affect Fe absorp-
tion. Third, we did not collect information on supplemental Fe
intake, drug or occult blood loss, which might affect body Fe
stores and mediate the results. Fourth, an oral glucose tolerance
test was not conducted to identify T2DM, so there may be
undiagnosed T2DM cases.

Conclusions

We found that higher haem Fe intake (especially from red meat)
was positively associated with T2DM risk in middle-aged and
older adults in urban China, while dietary intakes of total and
non-haem Fe were not significantly associated with T2DM risk.
Controlling haem Fe and red meat intake may be a target to pre-
vent T2DM in the middle-aged and older population. More
experimental studies need to be done to explore the underlying
mechanism in the future.
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