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Purpose: This study examined the association between daily green tea and coffee
consumption and body iron stores among Japanese middle-aged and older
adults.

Methods: This cross-sectional study used data obtained from 2005 to 2007. A total
of 10,435 participants were recruited for this study. The participants completed
a validated, self-administered food frequency questionnaire on green tea and
coffee consumption. A multivariate linear regression analysis was conducted to
assess the relationship between green tea and coffee consumption and serum
ferritin levels. Additionally, logistic regression analysis was performed to ascertain
whether excessive consumption of these beverages was linked to iron deficiency.

Results: We observed that higher green tea and coffee consumption was
associated with lower ferritin levels in men and postmenopausal women, even
after adjusting for covariates (all P for trends <0.05). Among premenopausal
women, we found an inverse association between green tea consumption and
serum ferritin levels, while no significant association was observed for coffee
consumption after adjusting for covariates (green tea, P for trend <0.05; coffee,
P for trend = 0.08). Notably, the association between these beverages and iron
deficiency was found only in postmenopausal women; the odds ratios (95%
confidence intervals) for iron deficiency associated with almost None, <1 cup/
day, 1-2 cups/day, and > 3 cups/day were 1.00 (reference), 0.78 (0.26-2.49), 1.29
(0.49-3.39), and 1.59 (0.63-4.04) (P for trend = 0.05), respectively, for green tea
and 1.00, 1.32 (0.64-2.73), 146 (0.68-3.13), and 2.20 (1.06-4.55) (P for trend
<0.01), respectively, for coffee.

Conclusion: Higher green tea and coffee consumption was associated with lower
serum ferritin levels in men and postmenopausal women. In premenopausal
women, consumption of green tea, but not coffee, was associated with lower
serum ferritin levels. However, postmenopausal women who >3 cups of coffee
demonstrated a higher prevalence of iron deficiency compared to those who
consumed almost none.
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Introduction

Iron is a critical micronutrient for the sustenance of life (1).
However, excessive iron stores in the body have been linked to an
increased risk of chronic diseases, such as cardiovascular disease
(2-4). Iron plays a vital role in oxygen transport, redox reactions, and
nucleic acid synthesis and is particularly instrumental in
hematopoiesis (1). Despite its significance, iron deficiency is a
prevalent issue worldwide, with research focused on the risk of iron
deficiency, particularly in children and women of reproductive ages
(5). However, increasing evidence suggests that age-related excessive
iron stores are associated with adverse health outcomes, including
cardiovascular disease and cancer, due to the overproduction of
reactive oxygen species through the Fenton reaction (2-4).

Coffee and green tea are widely consumed beverages and have
been suggested to exert protective effects against chronic diseases and
mortality (6-10). One possible mechanism for disease risk reduction
is that coffee and green tea consumption may reduce oxidative stress
by decreasing iron stores in the body by inhibiting iron absorption in
the gut (11, 12). Morck et al. (13) first reported in 1983 that consuming
coffee with a meat-based meal reduced iron absorption by an average
of 39%. Similar results have been reported in several randomized
intervention trials in both humans and animals (14, 15). Green tea
also inhibits the absorption of non-heme iron; however, the
relationship between habitual green tea consumption and body iron
stores has been inconsistently reported (14-17). These inconsistent
results may be due to insufficient adjustments for confounding factors
affecting iron absorption (consumption of coffee and dietary iron
intake) or small sample sizes. Furthermore, iron stores in the body
differ between men and women, with the iron stores in post-
menopausal women approaching those in men (1, 5). Therefore, it is
essential to analyze the data stratified by sex and pre- and post-
menopausal status. Yet no study has examined these associations while
considering the menopausal status.

This study aimed to examine the association between daily coffee
and green tea consumption and body iron stores in Japanese
individuals stratified by sex and pre- and post-menopausal status.
Additionally, we investigated the relationship with iron deficiency, as
excessive consumption of these beverages has been reported to lead to
iron deficiency.

Methods
Study participants

The Japan Multi-Institutional Collaborative Cohort Study,
designed as the Saga J-MICC Study, was carried out from2005 to
2007 in the region of Saga, Japan (18, 19). A total of 61,447 registered
residents aged 40-69 years were invited by mail to participate in the
baseline survey, of whom 12,068 agreed (18). The study’s purpose,
content, and conditions were explained in writing and orally to the
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participants, and they filled out an informed consent form. The
research protocol was approved by the Ethics Committee of Saga
University Graduate School of Medicine (approval no. 17-11), Nagoya
University Graduate School of Medicine (approval no. 253), and the
National Institute of Biomedical Innovation, Health, and Nutrition
(NIBIOHN-135-01).

Of the 12,068 participants, 1633 were excluded for the following
reasons: (i) missing data pertaining to serum ferritin levels (n=>55)
and habitual coffee and green tea consumption (n=3); (ii) missing
data on menopausal status among women (1 =9); (iii) any history of
a potential inflammatory disease, including cardiovascular disease,
cancer, liver disease, or chronic renal failure (n=1,563); and (iv)
extremely low or high dietary energy intake (n=3), that is, dietary
energy intake less than 800 or equal to 4,000 kcal/day for men and less
than 500 or greater than or equal to 3,500kcal/day for women, as these
intake levels are considered impractical and thus potentially
questionable in terms of their validity. Finally, 10,435 eligible
participants (4,263 men and 6,172 women) were included in the study.

Data collection

Height and weight were measured to the nearest 0.1cm, and
0.1kg, respectively, and body mass index (BMI) was calculated by
dividing weight in kilograms by height in meters squared. The
participants were also sent a self-administered questionnaire on
smoking, dietary habits, current medication, and disease history.
Smoking habits were assessed by asking participants about their
current smoking status and former smokers’ cessation time. Current
and former smokers also reported their usual cigarette consumption
level (cigarettes per day) and the age at which they started smoking.
Physical activity level (PAL) was assessed using a single-axis
accelerometer (Kenz Lifecorder EX; Suzuken Co., Ltd., Nagoya, Japan)
on either side of the hip, except when sleeping or bathing, for 10 days
after the baseline survey. PAL was calculated by dividing total energy
expenditure (kcal/day) by basal metabolic rate (kcal/day). The former
was estimated from the accelerometer as the average daily (excluding
the first 3 days) energy expenditure, and the latter was defined as basal
metabolic standard (20) x body surface area (21) x 24h.

Serum ferritin and iron deficiency
definition

Venous blood was drawn from each participant, and the serum,
plasma, and bufty coat were separated within 3h and stored at —80°C
until testing. A portion of the stored serum specimens was sent to an
external laboratory (SRL, Hachioji, Japan), where serum ferritin
concentrations were measured using a latex-enhanced
immunonephelometric assay on a BN II analyzer (Dade Behring,
Marburg, Germany). Iron deficiency was defined as a serum ferritin

concentrations <12 pg/L.
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Dietary assessment

The participants’ dietary intake was assessed using a commonly
used and previously validated Japanese food frequency questionnaire
(FFQ) developed by Tokudome et al. (22, 23). In the FFQ, we asked
participants to report their frequency of consumption to assess the
average intake of 47 foods and beverages (coffee, green tea, and
alcohol) to assess their average intake over the previous year. The FFQ
was validated with 3-days weighted diet records as the standard for
energy and 26 nutrients, and most of the nutrients showed correlation
coefficients of 0.4-0.6 (23). More recently, we conducted to assess the
validity of FFQ concerning food group intake, revealing correlation
coefficients of 0.17-0.76 for men and 0.23-0.77 for women (24).
Notably, the validation of green tea and coffee were relatively high
with correlation coefficients, with values of 0.56 and 0.52 for men, and
0.56 and 0.51 for women, respectively (24). The frequencies of coffee
and green tea consumption were as follows: almost none, 1-3 times/
month, 1-2 times/week, 3-4 times/week, 5-6 times/week, 1 time/day,
2 times/day, and >3 times/day. Total energy intake was calculated
using a program developed at the Department of Public Health,
Nagoya City University School of Medicine (22, 23), in accordance
with the standard tables of Food Consumption In Japan (fifth revised
edition) (20).

Statistical analyses

All statistical analyses were performed separately according to
sex and menopausal status using the SAS statistical software
package (ver. 9.4; SAS Institute, Cary, NC, United States). The
participants’ coffee and green tea consumption levels were
categorized as follows: almost none, <1 cup/day, 1-2 cups/day,
and >3 cups/day. Participant characteristics were compared across
coffee and green tea consumption categories using appropriate
methods, such as analysis of variance for continuous variables or
the Mantel-Haenszel test for categorical variables. The geometric
mean values of serum ferritin and their 95% confidence intervals
(CIs) were computed for the consumption frequencies of coffee or
green tea using the general linear regression procedure of SAS in
the three models. The first model controlled for potential
confounding factors, including age (years, continuous), BMI (kg/
m?, continuous), total energy intake (kcal/day, continuous), alcohol
status (everyday, sometimes, seldom, or never), smoking status
(everyday, sometimes, former, or never), PAL (METs hours/day,
continuous), green tea consumption (almost none, <1 cup/day, 1-2
cups/day, or >3 cups/day), and coffee consumption (almost none,
<1 cup/day, 1-2 cups/day, or >2 cups/day) as covariates in each
model. The second model was further adjusted for dietary iron
intake (mg/1,000 kcal/day; continuous). In the third model, dietary
intake of vitamin C (mg/1,000kcal/day; continuous) was
additionally controlled, as the consumption of dietary vitamin C
(ascorbic acid) has an enhancing effect on the absorption of dietary
non-heme iron from the gastrointestinal tract (25). To investigate
the association between green tea or coffee consumption and iron
deficiency, multivariate logistic regression analysis was employed to
calculate the odds ratios (ORs) and 95% ClIs for iron deficiency
related to the consumption frequencies of green tea or coffee.
Statistical significance was set at p <0.05.
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Results

The median serum ferritin levels were 115.0pg/L for men,
13.7pg/L, and 63.7pg/L for pre-and postmenopausal women,
respectively. Table 1 shows the study participants’ demographic
information according to their frequency of green tea consumption.
Men who consumed more green tea tended to be older, had a higher
total energy, dietary iron, and dietary vitamin C intake, and had lower
consumption of coffee; however, they had a lower BMI, and a lower
proportion of them were current smokers. A similar trend was
observed in both premenopausal and postmenopausal women.

Table 2 illustrates the geometric mean and 95% ClIs of serum
ferritin concentrations according to the consumption of green tea or
coffee by sex and menopausal status in women. In men, green tea and
coffee consumption were significantly negatively associated with
serum ferritin levels in the first model (P for trend <0.01). Even after
adjusting for all factors, these associations remained significant (green
tea, P for trend =0.04; coffee, P for trend <0.01). Similar associations
were observed in postmenopausal women both before (green tea, P
for trend <0.01; coffee, P for trend <0.01) and after (green tea, P for
trend <0.01; coffee, P for trend =0.03) adjustment for potential
confounders. In premenopausal women, no association between green
tea intake and serum ferritin concentration was observed without
adjusting for dietary iron and vitamin C intake; however, after
adjustment for dietary iron intake, these associations became
significantly inversely associated. These results remained statistically
significant with additional dietary vitamin C intake adjustments. In
contrast, coffee consumption was not associated with serum ferritin
concentration in any model.

Table 3 shows the multivariate-adjusted ORs and 95% ClIs for iron
deficiency (ferritin <12pg/L) according to green tea or coffee
consumption. In post-menopausal women, the ORs (95% Cls) for iron
deficiency associated with the consumption of none, <1 cup/day, 1-2
cups/day, and >3 cups/day were 1.00 (reference), 0.78 (0.26-2.49),
1.29 (0.49-3.39), and 1.59 (0.63-4.04) (P for trend=0.05), respectively,
for green tea and 1.00, 1.32 (0.64-2.73), 1.46 (0.68-3.13), and 2.20
(1.06-4.55) (P for trend <0.01), respectively, for coffee. In contrast,
there was no statistically significant association between green tea or
coffee consumption and the prevalence of iron deficiency in men and
premenopausal women.

Discussion

The present study investigated the relationship between green tea
or coffee consumption and the concentrations of serum ferritin by sex
and menopausal status in the general healthy population. We found
an inverse association between green tea or coffee consumption and
serum ferritin levels in men and post-menopausal women. Among
premenopausal women, there was a significant negative association
between green tea consumption and serum ferritin levels after
adjustment for all covariates, including dietary intake of iron and
vitamin C. In contrast, post-menopausal women who consumed at
least 3 cups of coffee per day had a significantly higher prevalence of
iron deficiency compared to those who consumed almost none.

Our findings of an inverse association between coffee
consumption and serum ferritin concentration in men and
postmenopausal women agree with previous studies (17, 26-28).
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TABLE 1 Characteristics of J-MICC Study Saga participants according to green tea consumption (n = 10,435).

Characteristics

Green tea consumption

P for trend*

<l cup/day 1-2 cups/day >3 cups/day
Men, n (%) 450 (10.6)" 587 (13.8) 1,432 (33.6) 1794 (42.1)
Age (years) 54.1(8.8) 54.5 (8.3) 54.7 (8.1) 57.5(7.8) <0.001
Body mass index (kg/m?) 23.8(3.2) 23.8 (3.0) 23.8(2.9) 23.5(3.0) 0.009
Current drinker (>1 gou/day) 213 (47.4) 282 (48.0) 661 (46.2) 754 (42.1) 0.054
Current smoker 212 (47.1) 216 (36.8) 519 (36.3) 653(36.4) <0.01
Total energy intake (kcal/day) 1897 (419) 1879 (343) 1930 (343) 1977 (342) <0.01
Dietary Fe intake (mg/1,000 kcal/day) 2.91(0.85) 3.10 (0.72) 3.49 (0.79) 5.11 (1.01) <0.01
Dietary Vitamin C intake (mg/1,000 kcal/day) 52.7 (16.9) 53.7 (16.2) 62.6 (15.7) 73.6 (17.3) <0.01
PAL 1.46 (0.11) 1.46 (0.09) 1.46 (0.09) 1.45 (0.09) 0.03
Coffee consumption >1 cup/day 267 (59.4) 300 (51.1) 850 (59.4) 886 (49.4) <0.01
Premenopausal women, n (%) 242 (11.4) 323 (15.2) 729 (34.2) 834 (39.2)
Age (years) 45.0 (3.5) 45.7 (3.9) 46.0 (3.9) 46.6 (4.1) <0.01
Body mass index (kg/m?) 22.1(3.4) 22.1(3.3) 22.0(3.2) 21.8(3.2) 0.15
Current drinker 25(10.3) 20 (6.1) 44 (6.0) 47 (5.6) 0.02
Current smoker 48 (19.8) 44 (13.6) 63 (8.7) 78 (9.4) <0.01
Total energy intake (kcal/day) 1,483 (244) 1,485 (248) 1,512 (232) 1,549 (230) <0.01
Dietary Fe intake (mg/1,000 kcal/day) 3.68 (0.75) 4.01 (0.81) 4.48 (1.01) 5.35(1.12) <0.01
Dietary VC intake (mg/1,000 kcal/day) 3.21(2.05) 3.29 (1.52) 3.54 (1.75) 3.80 (1.84) <0.01
PAL 1.47 (0.09) 1.47 (0.08) 1.48 (0.08) 1.47 (0.08) 0.55
Coffee consumption >1 cup/day 180 (74.3) 195 (60.4) 544 (74.6) 501 (60.0) <0.01
Postmenopausal women, n (%) 205 (5.1) 405 (10.0) 963 (23.8) 2,471 (61.1)
Age (years) 57.4(6.0) 58.8 (5.5) 58.9 (5.6) 60.7 (5.2) <0.01
Body mass index (kg/m?) 22.8(3.7) 22.9(3.4) 22.5(3.0) 22.5(3.0) 0.03
Current drinker 22(10.8) 23 (6.0) 39 (4.1) 75 (3.0) <0.01
Current smoker 38 (18.5) 36 (8.8) 85 (8.8) 128 (5.2) <0.01
Total energy intake (kcal/day) 1,419 (284) 1,474 (223) 1,496 (232) 1,544 (217) <0.01
Dietary Fe intake (g/1,000kcal/day) 4.05 (1.29) 4.15 (1.04) 4.72 (1.13) 5.35(1.12) <0.01
Dietary Vitamin C intake (mg/1,000 kcal/day) 57.1 (21.4) 58.6 (19.8) 68.6 (22.0) 81.1 (21.6) <0.01
PAL 1.47 (0.10) 1.47 (0.08) 1.47 (0.09) 1.46 (0.08) <0.01
Coffee consumption, >1 cup/day 118 (57.6) 224 (55.3) 601 (62.4) 1,164 (47.1) <0.01

n, number; %, percent; kg, kilogram; kcal, kilocalorie; mg, milligram; PAL, physical activity level.

*#p-values for linear trends across quartiles (assigned ordinal numbers 0-3) of green tea consumption are based on linear regression analysis for continuous variables and the Mantel test for

categorical variables.

"Values are the mean (standard deviation) for continuous variables and the number (percentage) for categorical variables.

The prospective cohort study of American adults from the
Framingham Heart Study showed a negative association between
coffee consumption and serum ferritin level (26). Similarly, Sung
et al. reported that increased coffee consumption is associated with
decreased ferritin levels (17). Although tea contains high levels of
tannins, which are iron absorption inhibitors (29), studies on the
relationship between tea intake and serum ferritin levels have shown
inconsistent results (30, 31), with some finding a significant
association with green tea but not with black or herbal tea. This may
be due to differences in the timing and manner of tea consumption
and its effect on iron absorption. Green tea is commonly ingested
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alongside or directly after meals, whereas black tea is typically
consumed during intervals between meals. Given that the
consumption of these beverages impairs iron absorption in humans
when consumed in close proximity to meals (13-15), it is plausible
that cultural factor influencing the timing and manner of green and
black tea consumption may impact the extent of iron absorption
from the diet.

Previous cross-sectional studies have reported that excessive
coffee consumption increases the risk of anemia and iron deficiency
in populations such as pregnant women (32, 33) and preschool
children (34). Our findings indicate that postmenopausal women who
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TABLE 2 Geometric mean (95% confidence intervals) of serum ferritin levels according to green tea and coffee consumption categories among J-MICC
Study Saga participants (n =10,435).

10.3389/fnut.2023.1249702

Habitual consumption P for trend*
<1 cup/day 1-2 cups/day >3 cups/day
Men
Green tea, n 450 587 1,432 1794
Model 1 106.3 (99.3-115.1) 108.0 (100.9-115.6) 103.3 (98.8-107.9) 99.4 (95.6-103.4) 0.027
Model 2 108.2 (99.6-117.6) 109.4 (101.9-117.5) 103.6 (99.1-108.2) 98.3 (94.2-102.6) 0.015
Model 3 108.6 (99.8-118.3) 109.7 (102.1-117.9) 103.6 (99.2-108.3) 98.1 (93.8-102.6) 0.016
Coffee, n 485 1,475 759 1,544
Model 1 109.5(101.4-118.2) 104.9 (100.5-109.6) 104.4 (98.3-110.9) 97.5(93.4-101.9) 0.005
Model 2 109.7 (101.6-118.5) 104.5 (100.6-109.7) 104.5 (98.4-111.0) 97.3 (93.2-101.7) 0.004
Model 3 109.7 (101.7-118.5) 105.1 (100.6-109.8) 104.5 (98.4-111.0) 97.3 (93.2-101.6) 0.004
Premenopausal women
Green tea, n 242 323 729 834
Model 1 12.9 (11.2-14.7) 13.7 (12.2-15.3) 12.9 (12.0-13.9) 12.1(11.2-13.0) 0.142
Model 2 13.4 (11.7-15.5) 14.1 (12.6-15.9) 13.0 (12.0-14.0) 11.7 (10.9-12.7) 0.026
Model 3 13.7 (11.9-15.8) 14.4 (12.8-16.2) 13.0 (12.0-14.0) 11.6 (10.7-12.5) 0.010
Coffee, n 131 577 432 988
Model 1 14.4 (12.1-17.3) 12.8 (11.7-13.9) 13.4 (12.1-14.8) 12.1 (11.4-13.0) 0.102
Model 2 14.7 (12.2-17.6) 12.8 (11.7-13.9) 13.4 (12.1-14.8) 12.1 (11.3-12.9) 0.073
Model 3 14.6 (12.2-17.5) 12.8 (11.7-13.9) 13.4 (12.1-14.8) 12.1 (11.3-12.9) 0.082
Postmenopausal women
Green tea, n 205 405 963 2,471
Model 1 66.4 (59.7-74.0) 61.5 (57.1-66.3) 59.0 (56.2-61.9) 57.5 (55.8-59.3) 0.006
Model 2 66.8 (61.7-76.8) 63.5 (58.8-68.6) 59.7 (56.8-62.7) 56.8 (55.1-58.6) <0.001
Model 3 68.4 (61.3-76.4) 63.1 (58.4-68.3) 59.5 (56.7-62.5) 57.0 (55.2-58.8) <0.001
Coffee, n 388 1,549 907 1,200
Model 1 62.5 (57.9-67.5) 58.9 (56.7-61.2) 60.1 (57.2-63.1) 56.3 (53.8-58.8) 0.036
Model 2 62.8 (58.2-67.8) 59.0 (56.8-61.3) 60.1 (57.2-63.2) 56.0 (53.6-58.5) 0.020
Model 3 62.7 (58.1-67.7) 59.0 (56.8-61.3) 60.1 (57.2-63.2) 56.0 (53.6-58.6) 0.023
n, number.

*Trend tests were performed by including ordinal numbers 0-3 assigned to each category of habitual consumption in multiple linear regression analysis.

Significant p values were shown in bold.

Model 1: Adjusted for age (years, continuous), body mass index (kg/m? continuous), total energy intake (kcal, continuous), alcohol consumption (never, former, and current drinkers
consuming 0.1-22.9, 23.0-45.9, and > 46 g ethanol/day), smoking (never, former, and current smoker smoking 1-19, 20-39, and > 40 cigarettes per day), physical activity level (continuous),
iron intake (mg/1,000 kcal/day), vitamin C intake (mg/1,000 kcal/day), and coffee or green tea consumption (none, <1 cup/day, 1-2 cups/day, and > 3 cups/day).

Model 2: Model 1 plus dietary iron intake (mg/1,000 kcal/day).
Model 3: Model 2 plus vitamin C intake (mg/1,000 kcal/day).

consumed >3 cups of coffee per day had a significantly higher
prevalence of iron deficiency than those who consumed almost no
cups of coffee. The regulation of iron metabolism in the body is
primarily controlled by hepcidin, and hepcidin increases circulating
iron levels by blocking intestinal iron absorption and inhibiting iron
release from stores (35). In postmenopausal women, a decrease in
estrogen levels has been reported to increase hepcidin production,
leading to decreased iron bioavailability (36). Thus, women in the
postmenopausal phase may be at increased risk of iron deficiency due
to decreased iron absorption from their diet, primarily resulting from
excessive coffee consumption, in addition to elevated levels of
hepcidin hormones.
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A priori investigation reported no association between green tea
or coffee intake and ferritin levels in a population with relatively
severe iron deficiency (31, 37). In the present study, no association
was found between green tea consumption and serum ferritin levels
in premenopausal women before adjusting for dietary iron intake.
There was also a positive association between the number of cups
of green tea consumed and iron intake and a significant negative
association between green tea consumption and ferritin levels when
dietary iron was adjusted for. These findings suggest that dietary
iron intake may impact the relationship between green tea
consumption and serum ferritin levels in premenopausal women.
Furthermore, given that people with low body iron stores and high
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Table 3 Multivariate-adjusted odds ratios (ORs) and 95% confidence intervals (Cls) of iron deficiency (serum ferritin concentrations <12 pg/L.)
according to green tea or coffee consumption in Japanese populations (n =10,435).

Habitual consumption

<lcup/day 1-2cups/day >3 cups/day P for trend*
Men Green tea, n 450 587 1,432 1794
No. of iron deficiency
14 (3.1) 13 (2.2) 31(2.2) 66 (3.7)
(%)
OR (95% CI) 1.00 (ref)" 0.75 (0.34-1.64) 0.73 (0.37-1.44) 1.11 (0.56-2.21) 0.213
Coffee, n 485 1,475 759 1,544
No. of iron deficiency
15 (3.1) 45 (3.1) 18 (2.4) 46 (3.0)
(%)
OR (95% CI) 1.00 (ref) 1.10 (0.60-2.21) 0.91 (0.44-1.86) 1.22 (0.64-2.30) 0.585
Premenopausal women Green tea, n 242 323 729 834
No. of iron deficiency
) 111 (45.6) 136 (42.1) 330 (45.3) 404 (48.4)
0
OR (95% CI) 1.00 (ref) 0.84 (0.60-1.19) 0.93 (0.69-1.26) 1.09 (0.81-1.47) 0.192
Coffee, n 131 577 432 988
No. of iron deficiency
%) 55 (42.0) 271 (47.0) 195 (45.0) 460 (46.6)
0
OR (95% CI) 1.00 (ref) 1.28 (0.87-1.91) 1.20 (0.80-1.80) 1.37 (0.94-2.00) 0.185
Postmenopausal women Green tea, n 205 405 963 2,471
No. of iron deficiency
5(2.4) 8(2.0) 34 (3.5) 96 (3.9)
(%)
OR (95% CI) 1.00 (ref) 0.80 (0.26-2.49) 1.30 (0.49-3.40) 1.59 (0.63-4.04) 0.049
Coffee, n 388 1,549 907 1,200
No. of iron deficiency
9(2.3) 46 (3.0) 30 (3.3) 58 (4.8)
(%)
OR (95% CI) 1.00 (ref) 1.32 (0.64-2.77) 1.46 (0.68-3.13) 2.20 (1.06-4.56) 0.004

N, number.

*Trend tests were performed by including ordinal numbers 0-3 assigned to each category of habitual consumption in multiple linear regression analysis.

Significant p values were shown in bold.

TAdjusted for age (years, continuous), body mass index (kg/m?, continuous), total energy intake (kcal, continuous), alcohol consumption (never, former, and current drinkers consuming
0.1-22.9, 23.0-45.9, and > 46 g ethanol/day), smoking (never, former, and current smokers smoking 1-19, 20-39, and > 40 cigarettes per day), physical activity level (continuous), coffee
consumption (none, <1 cup/day, 1-2 cups/day, and > 3 cups/day), iron intake (mg/1,000 kcal/day), and vitamin C intake (mg/1,000 kcal/day).

iron loss rates have increased iron bioavailability compared with
those without, dietary iron bioavailability may outweigh the
inhibition of iron absorption by green tea and coffee consumption
(38, 39).

Our study has several strengths, including a large population
sample, the utilization of a validated dietary questionnaire, and
an adjustment for potentially important confounding factors.
This study also has several limitations. First, the cross-sectional
design of our study may have the potential for reverse causation
to account for the observed associations. We attempted to
minimize the possibility of reverse causation by excluding
participants who might have changed their dietary habits as a
health-conscious behavior due to having a history of diabetes and
hypertension, but the association between green tea and coffee
consumption and serum ferritin levels remained statistically
significant. Second, green tea and coffee consumption was self-
reported; thus, some degree of non-differential misclassification
was inevitable. Third, although we adjusted for potential

Frontiers in Nutrition

confounding factors in the multivariate analysis, residual
confounding factors may have been present due to known or
unknown risk factors.

In conclusion, increased coffee and green tea consumption
were associated with decreased serum ferritin levels in men and
post-menopausal women. In addition, post-menopausal women
who drank >3 cups of coffee had a higher incidence of iron
deficiency than non-coffee drinkers. In premenopausal women,
only green tea consumption was negatively associated with serum
ferritin levels, and this association may be influenced by dietary
iron intake.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fnut.2023.1249702
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Nanri et al.

Ethics statement

The study involving human participants were reviewed and
approved by the Ethics Committee of Saga University Graduate School
of Medicine (approval no. 17-11), Nagoya University Graduate School
of Medicine (approval no. 253), and the National Institute of
Biomedical Innovation, Health, and Nutrition (NIBIOHN-135-01).
The participants provided their written informed consent to
participate in this study.

Author contributions

HN performed the conceptualization, methodology, supervision,
writing—original draft, and software validation and formal analysis.
HN, MH, YN, YH, and KT performed data collection. HN, MH, CS,
and CI performed the data curation. All authors read and approved
the final manuscript and contributed to the study’s conception
and design.

Funding

This study was supported by the Grants-in-Aid for Scientific
Research for Priority Areas of Cancer (No. 17015018), Innovative
Areas (No. 22150001), and the Japan Society for the Promotion of
Science (JSPS) KAKENHI [Nos. 16H06277 (CoBiA) and 20K10547]
from the Japanese Ministry of Education, Culture, Sports, Science and

References

1. Howes PS, Zacharski LR, Sullivan ], Chow B: Role of stored iron in atherosclerosis.
J Vasc Nurs (2000), 18:109-114. quiz: 115-106. doi: 10.1067/mvn.2000.111614

2. Sullivan JL. Iron and the sex difference in heart disease risk. Lancet. (1981)
317:1293-4. doi: 10.1016/S0140-6736(81)92463-6

3. Wolff B, Volzke H, Ludemann ], Robinson D, Vogelgesang D, Staudt A, et al.
Association between high serum ferritin levels and carotid atherosclerosis in the study
of health in Pomerania (SHIP). Stroke. (2004) 35:453-7. doi: 10.1161/01.
STR.0000114875.31599.1C

4. Zhang W, Iso H, Ohira T, Date OC, Tanabe N, Kikuchi S, et al. Associations of
dietary iron intake with mortality from cardiovascular disease: the JACC study. J
Epidemiol. (2012) 22:484-93. doi: 10.2188/jea.JE20120006

5. Pasricha SR, Tye-Din J, Muckenthaler MU, Swinkels DW. Iron deficiency. Lancet.
(2021) 397:233-48. doi: 10.1016/S0140-6736(20)32594-0

6. Chieng D, Kistler PM. Coffee and tea on cardiovascular disease (CVD) prevention.
Trends Cardiovasc Med. (2022) 32:399-405. doi: 10.1016/j.tcm.2021.08.004

7. Hartley L, Flowers N, Holmes J, Clarke A, Stranges S, Hooper L, et al. Green and
black tea for the primary prevention of cardiovascular disease. Cochrane Database Syst
Rev. (2013) 2013:CD009934. doi: 10.1002/14651858.CD009934.pub2

8. van Dam RM, Hu FB, Willett WC. Coffee, caffeine, and health. N Engl ] Med. (2020)
383:369-78. doi: 10.1056/NEJMral816604

9. Abe SK, Saito E, Sawada N, Tsugane S, Ito H, Lin Y, et al. Coffee consumption and
mortality in Japanese men and women: a pooled analysis of eight population-based
cohort studies in Japan (Japan cohort consortium). Prev Med. (2019) 123:270-7. doi:
10.1016/j.ypmed.2019.04.002

10. Shin S, Lee JE, Loftfield E, Shu XO, Abe SK, Rahman MS, et al. Coffee and tea
consumption and mortality from all causes, cardiovascular disease and cancer: a pooled

analysis of prospective studies from the Asia cohort consortium. Int ] Epidemiol. (2022)
51:626-40. doi: 10.1093/ije/dyab161

11. Hori A, Kasai H, Kawai K, Nanri A, Sato M, Ohta M, et al. Coffee intake is
associated with lower levels of oxidative DNA damage and decreasing body iron storage
in healthy women. Nutr Cancer. (2014) 66:964-9. doi: 10.1080/01635581.2014.932398

12. Lee J. Association between coffee and green tea consumption and Iron deficiency
Anemia in Korea. Korean ] Fam Med. (2023) 44:69-70. doi: 10.4082/kjfm.44.2E

Frontiers in Nutrition

10.3389/fnut.2023.1249702

Technology. This research was also funded by the Hachiro Honjo
Ocha Foundation.

Acknowledgments

We are grateful to Shinkan Tokudome (former Director of the
National Institute of Nutrition and Health), Nahomi Imaeda at
Shigakkan University, and Chiho Goto from Nagoya Bunri University
for permitting us to use the FFQ and for providing the SAS program
for estimating the nutrient intake.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Morck TA, Lynch SR, Cook JD. Inhibition of food iron absorption by coffee. Am
J Clin Nutr. (1983) 37:416-20. doi: 10.1093/ajcn/37.3.416

14. Mennen L, Hirvonen T, Arnault N, Bertrais S, Galan P, Hercberg S. Consumption
of black, green and herbal tea and iron status in French adults. Eur J Clin Nutr. (2007)
61:1174-9. doi: 10.1038/sj.ejcn.1602634

15. Nelson M, Poulter J. Impact of tea drinking on iron status in the UK: a review. J
Hum Nutr Diet. (2004) 17:43-54. doi: 10.1046/j.1365-277X.2003.00497.x

16. Saydam BK, Genc RE, Sarac F, Turfan EC. Prevalence of anemia and related factors
among women in Turkey. Pak ] Med Sci. (2017) 33:433-8. doi: 10.12669/pjms.332.
11771

17. Sung ES, Choi CK, Kim NR, Kim SA, Shin MH. Association of coffee and tea with
ferritin: data from the Korean National Health and nutrition examination survey (IV
and V). Chonnam Med ]. (2018) 54:178-83. doi: 10.4068/cmj.2018.54.3.178

18. Hara M, Higaki Y, Imaizumi T, Taguchi N, Nakamura K, Nanri H, et al. Factors
influencing participation rate in a baseline survey of a genetic cohort in Japan.
] Epidemiol. (2010) 20:40-5. doi: 10.2188/jea.JE20090062

19. Hara M, Shimanoe C, Otsuka Y, Nishida Y, Nanri H, Horita M, et al. Factors
associated with non-participation in a face-to-face second survey conducted 5 years
after the baseline survey. J Epidemiol. (2015) 25:117-25. doi: 10.2188/jea.
JE20140116

20. Health Service Bureau, Ministry of Health and Welfare of Japan. Fifth Revision of
the Recommended Dietary Allowances for Japanese. (1994) Tokyo: Daiichi Syuppan.
(in Japanese).

21. Fujimoto S, Watanabe T, Sakamoto A, Yukawa K, Morimoto K. Studies on the
physical surface area of Japanese. 18. Calculation formulas in three stages over all ages.
Nihon Eiseigaku Zasshi. (1968) 23:443-50. doi: 10.1265/jjh.23.443

22. Tokudome S, Goto C, Imaeda N, Tokudome Y, Ikeda M, Maki S. Development of
a data-based short food frequency questionnaire for assessing nutrient intake by middle-
aged Japanese. Asian Pac ] Cancer Prev. (2004) 5:40-3.

23. Tokudome Y, Goto C, Imaeda N, Hasegawa T, Kato R, Hirose K, et al. Relative
validity of a short food frequency questionnaire for assessing nutrient intake versus
three-day weighed diet records in middle-aged Japanese. J Epidemiol. (2005) 15:135-45.
doi: 10.2188/jea.15.135

frontiersin.org


https://doi.org/10.3389/fnut.2023.1249702
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1067/mvn.2000.111614
https://doi.org/10.1016/S0140-6736(81)92463-6
https://doi.org/10.1161/01.STR.0000114875.31599.1C
https://doi.org/10.1161/01.STR.0000114875.31599.1C
https://doi.org/10.2188/jea.JE20120006
https://doi.org/10.1016/S0140-6736(20)32594-0
https://doi.org/10.1016/j.tcm.2021.08.004
https://doi.org/10.1002/14651858.CD009934.pub2
https://doi.org/10.1056/NEJMra1816604
https://doi.org/10.1016/j.ypmed.2019.04.002
https://doi.org/10.1093/ije/dyab161
https://doi.org/10.1080/01635581.2014.932398
https://doi.org/10.4082/kjfm.44.2E
https://doi.org/10.1093/ajcn/37.3.416
https://doi.org/10.1038/sj.ejcn.1602634
https://doi.org/10.1046/j.1365-277X.2003.00497.x
https://doi.org/10.12669/pjms.332.11771
https://doi.org/10.12669/pjms.332.11771
https://doi.org/10.4068/cmj.2018.54.3.178
https://doi.org/10.2188/jea.JE20090062
https://doi.org/10.2188/jea.JE20140116
https://doi.org/10.2188/jea.JE20140116
https://doi.org/10.1265/jjh.23.443
https://doi.org/10.2188/jea.15.135

Nanri et al.

24. Imaeda N, Goto C, Sasakabe T, Mikami H, Oze I, Hosono A, et al. Reproducibility and
validity of food group intake in a short food frequency questionnaire for the middle-aged
Japanese population. Environ Health Prev Med. (2021) 26:28. doi: 10.1186/s12199-021-00951-3

25. Temme EH, Van Hoydonck PG. Tea consumption and iron status. Eur ] Clin Nutr.
(2002) 56:379-86. doi: 10.1038/sj.ejcn. 1601309

26. Fleming DJ, Jacques PE, Dallal GE, Tucker KL, Wilson PW, Wood R]J. Dietary
determinants of iron stores in a free-living elderly population: the Framingham heart
study. Am J Clin Nutr. (1998) 67:722-33. doi: 10.1093/ajcn/67.4.722

27.Milman N, Ovesen L, Byg K, Graudal N. Iron status in Danes updated 1994. I:
prevalence of iron deficiency and iron overload in 1332 men aged 40-70 years. Influence
of blood donation, alcohol intake, and iron supplementation. Ann Hematol. (1999)
78:393-400. doi: 10.1007/s002770050537

28. Milman N, Pedersen AN, Ovesen L, Schroll M. Iron status in 358 apparently healthy
80-year-old Danish men and women: relation to food composition and dietary and
supplemental iron intake. Ann Hematol. (2004) 83:423-9. doi: 10.1007/500277-003-0830-y

29. Delimont NM, Haub MD, Lindshield BL. The impact of tannin consumption on
Iron bioavailability and status: a narrative review. Curr Dev Nutr. (2017) 1:1-12. doi:
10.3945/cdn.116.000042

30. Imai K, Nakachi K. Cross sectional study of effects of drinking green tea on
cardiovascular and liver diseases. BMJ. (1995) 310:693-6. doi: 10.1136/bm;j.310.6981.693

31. van de Vijver LP, Kardinaal AF, Charzewska J, Rotily M, Charles P, Maggiolini M,
etal. Calcium intake is weakly but consistently negatively associated with iron status in girls
and women in six European countries. ] Nutr. (1999) 129:963-8. doi: 10.1093/jn/129.5.963

Frontiers in Nutrition

08

10.3389/fnut.2023.1249702

32. Ahmed E, Al-Sumaie MA. Risk factors associated with anemia and iron deficiency
among Kuwaiti pregnant women. Int | Food Sci Nutr. (2011) 62:585-92. doi:
10.3109/09637486.2011.566848

33. Munoz LM, Lonnerdal B, Keen CL, Dewey KG. Coffee consumption as a factor in
iron deficiency anemia among pregnant women and their infants in Costa Rica. Am J
Clin Nutr. (1988) 48:645-51. doi: 10.1093/ajcn/48.3.645

34. Adish AA, Esrey SA, Gyorkos TW, Johns T. Risk factors for iron deficiency
anaemia in preschool children in northern Ethiopia. Public Health Nutr. (1999)
2:243-52. doi: 10.1017/51368980099000336

35. Ganz T. Hepcidin, a key regulator of iron metabolism and mediator of anemia of
inflammation. Blood. (2003) 102:783-8. doi: 10.1182/blood-2003-03-0672

36. Hou Y, Zhang S, Wang L, Li ], Qu G, He J, et al. Estrogen regulates iron homeostasis
through governing hepatic hepcidin expression via an estrogen response element. Gene.
(2012) 511:398-403. doi: 10.1016/j.gene.2012.09.060

37. Root MM, Hu J, Stephenson LS, Parker RS, Campbell TC. Iron status of middle-
aged women in five counties of rural China. Eur J Clin Nutr. (1999) 53:199-206. doi:
10.1038/sj.ejcn. 1600701

38. Hunt JR. High-, but not low-bioavailability diets enable substantial control of
women's iron absorption in relation to body iron stores, with minimal adaptation within
several weeks. Am J Clin Nutr. (2003) 78:1168-77. doi: 10.1093/ajcn/78.6.1168

39. Hunt JR, Roughead ZK. Adaptation of iron absorption in men consuming diets
with high or low iron bioavailability. Am J Clin Nutr. (2000) 71:94-102. doi: 10.1093/
ajcn/71.1.94

frontiersin.org


https://doi.org/10.3389/fnut.2023.1249702
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1186/s12199-021-00951-3
https://doi.org/10.1038/sj.ejcn.1601309
https://doi.org/10.1093/ajcn/67.4.722
https://doi.org/10.1007/s002770050537
https://doi.org/10.1007/s00277-003-0830-y
https://doi.org/10.3945/cdn.116.000042
https://doi.org/10.1136/bmj.310.6981.693
https://doi.org/10.1093/jn/129.5.963
https://doi.org/10.3109/09637486.2011.566848
https://doi.org/10.1093/ajcn/48.3.645
https://doi.org/10.1017/S1368980099000336
https://doi.org/10.1182/blood-2003-03-0672
https://doi.org/10.1016/j.gene.2012.09.060
https://doi.org/10.1038/sj.ejcn.1600701
https://doi.org/10.1093/ajcn/78.6.1168
https://doi.org/10.1093/ajcn/71.1.94
https://doi.org/10.1093/ajcn/71.1.94

	Association between green tea and coffee consumption and body iron storage in Japanese men and women: a cross-sectional study from the J-MICC Study Saga
	Introduction
	Methods
	Study participants
	Data collection
	Serum ferritin and iron deficiency definition
	Dietary assessment
	Statistical analyses

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

