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Abstract
We aim to explore the association between caffeine and its metabolites and bone mineral density (BMD) in postmenopausal women. Data of 4286 post-
menopausal women were extracted from the National Health and Nutrition Examination Survey (NHANES) database in 2009–14 in this cross-sectional
study. Weighted linear regression and stepwise regression analyses were used to screen the covariates. Weighted univariate and multivariate linear regression
analyses were used to explore the associations between caffeine and its metabolites and BMD. The evaluation index was estimated value (β) with 95 %
confidence intervals (CIs). We also explored these relationships in age subgroups. The median BMD level among the eligible women was 0⋅7 gm/cm2.
After adjusting for covariates including age, body mass index (BMI), fat intake, Calcium (Ca) supplements, diabetes mellitus (DM), angina pectoris, parental
history of osteoporosis (OP), anti-osteoporosis therapy, poverty income ratio (PIR), vitamin D (VD) supplements, coronary heart disease (CHD), and
previous fracture, we found that caffeine intake was not significantly related to the BMD reduction (β = 0, P = 0⋅135). However, caffeine metabolites,
including MethyluricAcid3, MethyluricAcid7, MethyluricAcid37, Methylxanthine3, and Methylxanthine37, were negatively associated with the BMD (all
P< 0⋅05). In addition, MethyluricAcid37 and Methylxanthine37 were negatively associated with BMD in females aged <65 years old, while
MethyluricAcid3 and Methylxanthine3 were noteworthy in those who aged ≥65 years old. The roles of caffeine and its metabolites in BMD reduction
and OP in postmenopausal women needed further exploration.
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Introduction

Osteoporosis (OP) is a common chronic skeletal disorder
characterised by decreased bone mineral density (BMD) and
deterioration of bone microarchitecture.(1,2) With the increase
in life expectancy and the aging population worldwide, OP
brought a significant financial burden and public health
challenge.(3,4) The prevalence of OP is increasing in the
United States.(5) Estrogen levels decline has been reported
to contribute to the pathogenesis of BMD reduction.(6) In
women, with the reduction in estrogen production caused by
postmenopausal, the secretion of osteoprotegerin (OPG)

reduces, which leads to skeletal disorder and deterioration in
BMD, and is associated with an increased risk of fracture,
and further results in an increasing mortality.(7,8) Therefore,
the risk factors for BMD reduction in postmenopausal
women are more worthy to be explored and identified.
Caffeine is a bioactive compound in coffee, and the relation-

ship between caffeine consumption and human health has been
widely reported.(9) Studies indicated that caffeine intake nega-
tively mediated bone homeostasis to cause bone loss and
even OP, and the possible mechanism may be increased urinary
calcium (Ca) excretion and reduced endogenous Ca absorption,
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leading to a negative calcium balance.(10,11) Postmenopausal
women as the major population of Ca loss at particularly
increased risk for OP,(12) and however, views on the relationship
between caffeine consumption and BMD in postmenopausal
women have still been inconsistent. Rapuri et al.(13) found that
caffeine intake can accelerate bone loss at the spine in elderly
postmenopausal women, while other studies found that there
was no significant overall association between high v. low con-
sumption coffee and risk of fracture in women.(14,15)

Clinical trials are the gold standard in exploring relationship
between caffeine and BMD, and however, they are usually
impractical due to the caffeine metabolism status cannot be
assessed in a short period of time. Metabolomics can measure
the metabolites in biofluids and may capture the metabolic
products of food and better reflect the dietary exposure after
metabolism, which may be related to disease pathogenesis.(16)

Recently, Chau et al.(17) identified twelve serum metabolites
were significantly associated with self-reported habitual coffee
intake in community-dwelling Chinese adults, and four of
these twelve coffee-associated metabolites were significantly
associated with BMD. However, there are few studies focus
on the association between caffeine metabolites and BMD in
postmenopausal women.
Given the equivocal effect of caffeine and its metabolites on the

bone, this study aims to explore the relationship between caffeine
consumption and caffeine metabolites and BMD in postmeno-
pausal women, in order to provide some references for early iden-
tification of high-risk populations and prevention of OP.

Methods

Study design and populations

Data in this cross-sectional study were extracted from
the National Health and Nutrition Examination Survey
(NHANES) database in 2009–14. NHANES is an ongoing
study conducted by the Centers for Disease Control and
Prevention (CDC) to assess the nutritional and health status
of the non-institutionalized population in the United States.
The regular data collection of the NHANES is carried out
on approximately 5000 persons from 15 areas since 1999
and examined in 2-year periods. The NHANES is a multi-
stage stratified sampling database, and data used in our statis-
tical analyses were available on a public link address: https://
wwwn.cdc.gov/nchs/nhanes/. Interviews in participants’
homes were conducted by trained professionals from the
National Center for Health Statistics (NCHS), and extensive
physical examinations were conducted at mobile exam centres
(MECs).
A total of 4286 postmenopausal women who diagnosed

with OP or received anti-osteoporosis therapy were initially
included. The exclusion criteria were missing the information
of caffeine consumption or caffeine metabolites, and having
an extreme energy intake (<500 or >5000 kcal/d). Finally,
4042 of them were eligible for caffeine analyses and that 583
for caffeine metabolites analyses. The database protocol was
approved by the institutional review board (IRB) of NCHS.
Since the database was publicly available, the requirement of

ethical approval for this study was waived by the IRB of the
958th Hospital of the PLA Army.

Measurement of BMD

In NHANES, total body scans of participants were performed
for BMD (gm/cm2) measurement by the fast mode using
dual-energy X-ray absorptiometry (DXA) with Hologic
QDR 4500A fan-beam densitometers (Hologic Inc.,
Bedford, MA, USA).(18) Details of DXA examination protocol
were shown in the Body Composition Procedure Manual of
the NHANES.(19) BMD levels in the database were measured
based on the lumbar spine and femoral regions of total femur,
femur neck, trochanter, and intertrochanter. In the current
study, we used the femur neck BMD. The average of first
through fourth lumbar vertebra was calculated as BMD of
lumbar spine.(20) The left hip was routinely scanned for regions
of proximal femur. The right hip was scanned when the par-
ticipant self-reported a left hip replacement, a fractured left
hip, or a pin in the left hip. Participants who had fractures,
replacements or pins in both hips were excluded from the
DXA scan.(21) Women who had a BMD z-score ≥1 and
≤−1⋅28 measured at either lumbar spine or total hip, respect-
ively, were diagnosed with low BMD.

Dietary caffeine intake assessment

Dietary caffeine intake was collected via the 24-h dietary
recalls, in which participants reported individual foods and
drinks consumed during the midnight-to-midnight 24-h period
prior to the in-person dietary interview. Investigators of
the two 24-h dietary recalls interviews were well trained. The
first dietary recall interview is conducted in-person in the
MEC, and the second interview is by telephone 3–10 d after
the first one. NHANES conducted the coding of interview
data and conversion to total nutrient intakes by using the
USDA Food and Nutrient Database for Dietary Studies,
5.0 (FNDDS 5.0) (http://www.ars.usda.gov/ba/bhnrc/fsrg).
The FNDDS 5.0 nutrient values were based on the USDA
National Nutrient Database for Standard Reference, release
24 (http://www.ars.usda.gov/nutrientdata).

Caffeine metabolites detection

Detailed urine samples collection and processing instructions
are presented in the NHANES Laboratory/Medical
Technologists Procedures Manual.(22) Utilised an ultra-high-
performance liquid chromatography coupled with tandem
mass spectrometry for quantitative analysis of caffeine and
fourteen of its metabolites, including MethyluricAcid1,
MethyluricAcid3, MethyluricAcid7, MethyluricAcid13,
MethyluricAcid17, MethyluricAcid37, MethyluricAcid137,
Methylxanthine1, Methylxanthine3, Methylxanthine7,
Methylxanthine13, Methylxanthine17, Methylxanthine37, and
Methylxanthine137, were measured for the participants.
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Variables collection

We collected variables from the NHANES database including
age, poverty income ratio (PIR), race, educational level, smok-
ing, drinking, vigorous activity, moderate activity, height,
weight, body mass index (BMI), Ca intake and supplements,
vitamin D (VD) intake and supplements, energy intake, pro-
tein intake, sugar intake, fat intake, carbohydrate intake, total
cholesterol (TC), low-density lipoprotein (LDL), high-density
lipoprotein (HDL), triglyceride (TG), diabetes mellitus (DM),
hypertension, coronary heart disease (CHD), angina pectoris,
stroke, previous fracture, parental history of OP, glucocorti-
coids, bone resorption inhibitors, estrogens, corticosteroids,
OP treatment, and hypercholesterolaemia.
Physical examinations were conducted and the information was

collected in the MECs. Laboratory examinations used the blood
samples of participants, and the methodological details of the
laboratory analyses have been described on theNHANESwebsite.
DM was defined as fasting blood glucose ≥7⋅0 mmol/l or glyco-
sylated haemoglobin (HbAlc) ≥6⋅5 % or self-reported DM or
receiving hypoglycaemic therapy. Hypertension was defined as a
mean blood pressure exceeding 140/90 mmHg for systolic pres-
sure and diastolic pressure, respectively. Other chronic diseases
were diagnosed according to the self-report or the medications.

Statistical analyses

Non-normal distributed data were described by median and
quartiles [M (Q1, Q3)] and the Mann–Whitney U rank test
was used for comparison. Categorical data were expressed as
frequency and constituent ratio [N (%)], and the chi-square
(χ2) test was used for comparison. The 2-year MEC exam
weight (wtmec2yr) was used, which is needed for all
NHANES analyses of 2009–10, 2011–12, and 2013–14.
Detailed instructions for combining datasets from NHANES
cycles are provided in the NHANES Analytic Guidelines.
Weighted univariate linear regression and stepwise regression

analyses were used to screen the covariates. Weighted univariate

and multivariate linear regression analyses were used to explore
the association between caffeine intake and caffeine metabolites
and BMD. The evaluation index was estimated value (β) with
95 % confidence intervals (CIs). Model 1 was the crude
model. Model 2 adjusted for age, race, PIR, and BMI. Model
3 adjusted for age, race, PIR, BMI, vigorous activity, moderate
activity, DM, previous fracture, VD intake, bone resorption
inhibitors, estrogens, parental history of OP, and total energy
intake. Subgroup analysis of age was also performed to explore
these relationships. P < 0⋅05 was considered significant.
Statistical analyses were using SAS 9.4 (SAS Institute., Cary,

NC, USA) and R 4.0 (Math Soft, Seattle, WA, USA). Missing
variables were managed by multiple imputation using the
‘mice’ package by R software.

Result

Characteristics of postmenopausal females

Fig. 1 shows the flowchart of participants screening. A total
of 4286 postmenopausal females with OP or received anti-
osteoporosis therapy were initially included. We excluded those
who missing the information of caffeine intake (n 123) or caffeine
metabolites measurement (n 3689), and have extreme energy
intake (n 121) for caffeine analyses, n 14 for caffeine metabolites
analyses. Finally, 4042 of them were eligible for the caffeine ana-
lyses and that 583 for caffeine metabolites analyses.
The characteristics of postmenopausal females are shown in

Table 1. For the caffeine group, the median age was 61⋅1 years
old, and the median caffeine intake was 130⋅3 mg. The median
BMD was 0⋅7 gm/cm2. For the caffeine metabolites group, the
median age was 59⋅9 years old, and the median caffeine intake
was 135⋅7 mg. Similarly, the median BMD was 0⋅7 gm/cm2.

Associations between caffeine intake and caffeine metabolites
and BMD

Fig. 2 shows fit curves of the caffeine intake and caffeine
metabolites and BMD. The difference sum between each

Fig. 1. Flowchart of data screening.
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Table 1. Characteristics of postmenopausal women

Variables Caffeine analysis group (n 4042) Caffeine metabolites analysis group (n 583)

Age, years, M (Q1, Q3) 61⋅1 (54⋅7, 69⋅8) 59⋅9 (54⋅3, 68⋅4)
Race, n (%)

Mexican American 586 (4⋅8) 85 (4⋅6)
Other Hispanic 377 (3⋅8) 60 (3⋅9)
Non-Hispanic White 2077 (77⋅2) 302 (77⋅2)
Non-Hispanic Black 726 (8⋅8) 91 (9)

Other race — including multi-racial 276 (5⋅4) 45 (5⋅3)
Education level, n (%)

Less than 9th grade 1066 (16⋅6) 149 (16⋅2)
High school or above 2976 (83⋅4) 434 (83⋅8)

PIR, M (Q1, Q3) 3⋅0 (1⋅8, 5⋅0) 2⋅9 (1⋅8, 5⋅0)
Height, cm, M (Q1, Q3) 161⋅0 (156⋅2, 165⋅5) 161⋅7 (156⋅3, 165⋅8)
Weight, kg, M (Q1, Q3) 71⋅4 (61⋅5, 83⋅3) 70⋅4 (62⋅5, 83⋅0)
BMI, kg/m2, M (Q1, Q3) 27⋅6 (24⋅0, 31⋅9) 27⋅5 (23⋅7, 31⋅5)
Smoking, n (%)

Everyday 497 (29⋅8) 80 (31⋅6)
Someday 74 (4⋅2) 7 (1⋅3)
Never 1041 (66⋅0) 154 (67⋅1)

Drinking, n (%) 748 (15⋅6) 109 (13⋅3)
Vigorous activity, n (%) 440 (14⋅3) 57 (13⋅1)
Moderate activity, n (%) 1591 (46⋅2) 244 (47⋅8)
Caffeine intake, mg, M (Q1, Q3) 130⋅3 (47⋅3, 239⋅8) 135⋅7 (56⋅3, 248⋅0)
Ca intake, mg, M (Q1, Q3) 765⋅0 (558⋅0, 1011⋅7) 775⋅1 (591⋅6, 1082⋅5)
VD intake, ug, M (Q1, Q3) 3⋅3 (1⋅8, 5⋅5) 3⋅8 (2⋅0, 6⋅2)
Energy intake, kcal, M (Q1, Q3) 1629⋅2 (1320⋅2, 2019⋅5) 1653⋅3 (1347⋅5, 2027⋅5)
Protein intake, g, M (Q1, Q3) 63⋅7 (50⋅4, 80⋅1) 66⋅3 (51⋅7, 84⋅0)
Sugar intake, g, M (Q1, Q3) 85⋅5 (60⋅3, 117⋅8) 84⋅3 (64⋅2, 120⋅4)
Fat intake, g, M (Q1, Q3) 61⋅5 (46⋅8, 81⋅1) 62⋅4 (47⋅4, 81⋅9)
Carbohydrate intake, g, M (Q1, Q3) 199⋅9 (156⋅9, 253⋅4) 201⋅6 (157⋅6, 253⋅0)
Ca supplements, mg, M (Q1, Q3) 0⋅0 (0⋅0, 499⋅9) 187⋅2 (0⋅0, 620⋅1)
VD supplements, ug, M (Q1, Q3) 0⋅0 (0⋅0, 19⋅9) 9⋅1 (0⋅0, 24⋅5)
BMD, gm/cm2, M (Q1, Q3) 0⋅7 (0⋅6, 0⋅8) 0⋅7 (0⋅6, 0⋅8)
TC, mmol/l, M (Q1, Q3) 5⋅3 (4⋅7, 6⋅0) 5⋅3 (4⋅7, 5⋅9)
LDL, mmol/l, M (Q1, Q3) 3⋅1 (2⋅5, 3⋅8) 3⋅1 (2⋅5, 3⋅9)
HDL, mmol/l, M (Q1, Q3) 1⋅5 (1⋅2, 1⋅8) 1⋅5 (1⋅3, 1⋅9)
TG, mmol/l, M (Q1, Q3) 1⋅2 (0⋅9, 1⋅8) 1⋅2 (0⋅8, 1⋅7)
DM, n (%) 678 (12⋅4) 80 (9⋅0)
Hypertension, n (%) 2164 (49⋅0) 305 (47⋅7)
CHD, n (%) 159 (3⋅8) 23 (4⋅1)
Angina pectoris, n (%) 139 (3⋅0) 16 (2⋅5)
Stroke, n (%) 207 (4⋅4) 19 (2⋅6)
Previous fracture, n (%) 1032 (28⋅7) 148 (31⋅7)
OP treatment, n (%) 499 (11⋅9) 74 (11⋅3)
Parental history of OP, n (%)

No 3606 (87⋅12) 19 (2⋅59)
Yes 436 (12⋅88) 564 (97⋅41)

Glucocorticoids, n (%)

No 3963 (98⋅42) 503 (90⋅97)
Yes 79 (1⋅58) 80 (9⋅03)

Bone resorption inhibitors, n (%)

No 3845 (95⋅78) 278 (52⋅32)
Yes 197 (4⋅22) 305 (47⋅68)

Estrogens, n (%)

No 3883 (95⋅09) 560 (95⋅91)
Yes 159 (4⋅91) 23 (4⋅09)

Corticosteroids, n (%)

No 3836 (95⋅15) 16 (2⋅45)
Yes 206 (4⋅85) 567 (97⋅55)

Hypercholesterolaemia, n (%) 1952 (48⋅3) 264 (44⋅7)
MethyluricAcid1, μmol/l, M (Q1, Q3) 65⋅7 (31⋅2, 143⋅1) 67⋅1 (31⋅1, 143⋅6)
MethyluricAcid3, μmol/l, M (Q1, Q3) 0⋅7 (0⋅3, 1⋅8) 0⋅7 (0⋅3, 1⋅8)
MethyluricAcid7, μmol/l, M (Q1, Q3) 16⋅3 (7⋅3, 39⋅0) 16⋅4 (7⋅3, 38⋅9)
MethyluricAcid13, μmol/l, M (Q1, Q3) 7⋅9 (3⋅5, 17⋅2) 7⋅9 (3⋅5, 17⋅2)
MethyluricAcid17, μmol/l, M (Q1, Q3) 33⋅0 (13⋅6, 80⋅1) 33⋅4 (13⋅5, 79⋅9)
MethyluricAcid37, μmol/l, M (Q1, Q3) 1⋅0 (0⋅4, 2⋅6) 1⋅0 (0⋅4, 2⋅6)
MethyluricAcid137, μmol/l, M (Q1, Q3) 1⋅9 (0⋅6, 4⋅9) 1⋅9 (0⋅6, 4⋅9)
Methylxanthine1, μmol/l, M (Q1, Q3) 29⋅2 (12⋅1, 66⋅3) 29⋅4 (12⋅0, 66⋅4)

Continued
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point and the regression line is the minimum, indicating an
approximate linear trend between caffeine intake and caffeine
metabolites and BMD.
Tables 2 and 3 respectively shows the relationships between

caffeine intake and caffeine metabolites and BMD. After
adjusting for the covariates, we found that caffeine intake was
not significantly associated with BMD [β =−0⋅012, 95 %CI
(−0⋅049, 0⋅026)]. However, caffeine metabolites, including
MethyluricAcid3 (β =−4⋅036 × 10−3), MethyluricAcid7
(β=−0⋅199 × 10−3), MethyluricAcid37 (β=−3⋅995 × 10−3),

Methylxanthine3 (β =−0⋅150 × 10−3), and Methylxanthine37
(β =−0⋅379 × 10−3), were negatively associated with BMD.
Fig. 3 shows the residual analysis of caffeine and its meta-

bolites, and the results show that all the points are symmet-
rically distributed around y = 0, and most of the points in the
residual analysis diagram of caffeine/caffeine metabolites fall
in the horizontal band (−0⋅5, +0⋅5) without any trend and
are completely randomly distributed in the band, indicating
that the regression equation adopted is a good fit for the
sample data.

Table 1. Continued

Variables Caffeine analysis group (n 4042) Caffeine metabolites analysis group (n 583)

Methylxanthine3, μmol/l, M (Q1, Q3) 33⋅9 (13⋅6, 76⋅3) 33⋅8 (13⋅6, 75⋅9)
Methylxanthine7, μmol/l, M (Q1, Q3) 43⋅8 (18⋅4, 100⋅7) 43⋅7 (18⋅4, 100⋅7)
Methylxanthine13, μmol/l, M (Q1, Q3) 2⋅2 (0⋅8, 4⋅2) 2⋅2 (0⋅8, 4⋅2)
Methylxanthine17, μmol/l, M (Q1, Q3) 17⋅9 (6⋅9, 34⋅7) 18⋅0 (6⋅9, 34⋅9)
Methylxanthine37, μmol/l, M (Q1, Q3) 18⋅3 (7⋅8, 37⋅4) 18⋅3 (7⋅7, 37⋅3)
Methylxanthine137, μmol/l, M (Q1, Q3) 5⋅6 (1⋅8, 13⋅4) 5⋅6 (1⋅8, 13⋅5)

M, median; Q1, 1st quartile; Q3, 3rd quartile; PIR, poverty income ratio; BMI, body mass index; Ca, calcium; VD, vitamin D; BMD, bone mineral density; TC, total cholesterol; LDL,

low-density lipoprotein; HDL, high-density lipoprotein; TG, triglyceride; T-score, T-score = (individual BMD – reference BMD)/reference SD; DM, diabetes mellitus; CHD, coronary

heart disease; OP, osteoporosis.

Fig. 2. The fit curves of caffeine and its metabolites intake and BMD.
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Table 2. Association between caffeine intake and BMD

Variables

Model 1 Model 2 Model 3

β (95 % CI)a P β (95 % CI)a P β (95 % CI)a P

Age −4⋅425 (−4⋅918, −3⋅932) <0⋅001 −3⋅736 (−4⋅245, −3⋅228) <0⋅001 −3⋅532 (−4⋅056, −3⋅008) <0⋅001
Race

Mexican American Ref Ref Ref

Other Hispanic −5⋅164 (−25⋅398, 15⋅07) 0⋅613 6⋅117 (−12⋅399, 24⋅632) 0⋅512 6⋅159 (−13⋅375, 25⋅693) 0⋅531
Non-Hispanic White −21⋅048 (−36⋅64, −5⋅455) 0⋅009 −1⋅949 (−16⋅404, 12⋅506) 0⋅789 0⋅580 (−14⋅659, 15⋅819) 0⋅940
Non-Hispanic Black 83⋅338 (65⋅683, 100⋅994) <0⋅001 74⋅472 (58⋅489, 90⋅455) <0⋅001 73⋅904 (57⋅320, 90⋅487) <0⋅001
Other race — including

multi-racial

−44⋅423 (−67⋅21, −21⋅637) <0⋅001 −15⋅854 (−37⋅995, 6⋅287) 0⋅158 −15⋅788 (−37⋅926, 6⋅350) 0⋅159

Education level

Less than 9th grade Ref

High school or above 14⋅652 (1⋅518, 27⋅786) 0⋅029
PIR 7⋅177 (3⋅685, 10⋅669) <0⋅001 6⋅480 (3⋅431, 9⋅529) <0⋅001 5⋅952 (2⋅611, 9⋅293) <0⋅001
BMI 8⋅809 (7⋅656, 9⋅962) <0⋅001 7⋅785 (6⋅652, 8⋅919) <0⋅001 7⋅758 (6⋅848, 8⋅669) <0⋅001
Smoking

Everyday Ref

Someday 7⋅232 (−36⋅871, 51⋅336) 0⋅745
Never 8⋅348 (−7⋅941, 24⋅638) 0⋅310

Drinking

No Ref

Yes 12⋅471 (−1⋅868, 26⋅81) 0⋅087
Vigorous activity

No Ref Ref

Yes 8⋅499 (−6⋅486, 23⋅484) 0⋅262 −0⋅149 (−13⋅974, 13⋅677) 0⋅983
Moderate activity

No Ref Ref

Yes −0⋅939 (−11⋅652, 9⋅774) 0⋅862 7⋅045 (−2⋅424, 16⋅515) 0⋅142
DM

No Ref Ref

Yes 34⋅756 (13⋅191, 56⋅321) 0⋅002 13⋅596 (−6⋅624, 33⋅817) 0⋅184
Hypertension

No Ref

Yes 8⋅762 (−1⋅203, 18⋅727) 0⋅084
CHD

No Ref

Yes −71⋅807 (−111⋅327, −32⋅286) <0⋅001
Angina pectoris

No Ref

Yes 49⋅616 (−1⋅667, 100⋅899) 0⋅058
Unknown 12⋅066 (−70⋅6, 94⋅733) 0⋅772

Stroke

No Ref

Yes 41⋅812 (15⋅562, 68⋅061) 0⋅002
Unknown −98⋅117 (−209⋅855, 13⋅621) 0⋅084

Previous fracture

No Ref Ref

Yes −25⋅553 (−36⋅351, −14⋅755) <0⋅001 −23⋅449 (−33⋅799, −13⋅100) <0⋅001
Hypercholesterolaemia

No Ref

Yes −2⋅121 (−11⋅578, 7⋅337) 0⋅656
Lipid lowering drug

No Ref

Yes −0⋅014 (−10⋅306, 10⋅278) 0⋅998
TC −2⋅003 (−6⋅251, 2⋅245) 0⋅351
LDL −1⋅846 (−8⋅286, 4⋅594) 0⋅570
HDL −43⋅766 (−54⋅909, −32⋅623) <0⋅001
TG 7⋅924 (1⋅44, 14⋅409) 0⋅017
Caffeine intake −0⋅004 (−0⋅041, 0⋅032) 0⋅825 −0⋅015 (−0⋅055, 0⋅024) 0⋅445 −0⋅012 (−0⋅049, 0⋅026) 0⋅540
Ca intake −0⋅012 (−0⋅020, −0⋅004) 0⋅005
VD intake −0⋅201 (−0⋅368, −0⋅034) 0⋅019 −0⋅162 (−0⋅298, −0⋅026) 0⋅020
Energy intake 0⋅016 (0⋅006, 0⋅025) 0⋅002 0⋅005 (−0⋅004, 0⋅014) 0⋅291
Protein intake 0⋅556 (0⋅307, 0⋅805) <0⋅001
Sugar intake −0⋅064 (−0⋅181, 0⋅053) 0⋅277
Fat intake 0⋅368 (0⋅183, 0⋅553) <0⋅001
Carbohydrate intake 0⋅014 (−0⋅071, 0⋅098) 0⋅750

Continued
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Relationship between caffeine metabolites and BMD in age
subgroups

The association between caffeine metabolites and BMD in age
subgroup is shown in Table 4. After adjusting for covariates
including race, PIR, BMI, vigorous activity, moderate activity,
DM, previous fracture, VD intake, bone resorption inhibitors,
estrogens, parental history of OP, and total energy intake, in
women aged <65 years old, MethyluricAcid37 (β =−
4⋅198 × 10−3) and Methylxanthine37 (β =−0⋅455 × 10−3)
was negatively associated with the BMD, while in those who
aged ≥65 years old, the negative relationships were found
between MethyluricAcid3 (β =−4⋅890 × 10−3) and
Methylxanthine3 (β =−0⋅153 × 10−3).

Discussion

In this study, we explored the relationships between caffeine
and its metabolites and BMD in postmenopausal women. The
results showed that caffeine intake was not significantly
associated with the BMD. However, caffeine metabolites, includ-
ing MethyluricAcid3, MethyluricAcid7, MethyluricAcid37,
Methylxanthine3, and Methylxanthine37, were negatively
associated with BMD. In addition, the type of caffeine
metabolites which negatively associated with BMD were
different between women aged <65 years old and those who
aged ≥65 years old.
High caffeine intake has been cited as a risk factor for

OP among postmenopausal women,(13) but views on the
relationship between caffeine consumption and BMD in post-
menopausal women are various and equally inconclusive.
Hallström et al.(15) demonstrated that a modestly increased
risk of OP fractures was linked to a daily caffeine intake of
330 mg (equivalent to 600 ml of coffee) or more, especially
in females with a low intake of Ca. Rapuri et al.(13) found

that caffeine intake amounted >300 mg/d (approximately
514 g, or 18 oz, brewed coffee) contributed to a bone loss
at the spine in postmenopausal women. Oppositely, Bijelic
et al.(23) pointed that there was no evidence can prove that a
daily coffee intake ≥3 cups is a risk factor for OP in postme-
nopausal women. A cross-sectional analysis among Korean
postmenopausal women also showed that compared with
those who had lower coffee consumption, women with higher
level of coffee intake had lower odds for OP, and as coffee
consumption increased, so did the BMD of femoral neck
and lumbar spine.(24) In our study, there was no significant
association between caffeine intake and BMD in postmeno-
pausal women. The median caffeine consumption of postme-
nopausal women was approximately 130 mg. However, the
relationship between caffeine intake and BMD is not conclu-
sive, and further exploration is still needed.
As a matter of fact, caffeine can result in an increased excre-

tion of Ca in the urine, and that cannot be fully compensated
even after 24 h.(23) Caffeine consumption can also lead to a
reduction in the interstitial Ca absorption.(25) The possible
mechanism between caffeine intake and BMD reduction
may be that caffeine increases the urinary excretion of Ca to
disturb bone metabolism, resulting in decreased stores avail-
able for bone deposition, and this derangement in Ca metab-
olism can alter the normal development of bone and reduce
both BMD and bone volume.(26) Additionally, another study
demonstrated that caffeine induced inhibitory effects on the
cell viability, proliferation, migration, and pluripotency of
bone marrow mesenchymal stem cells (BMSCs) in vitro, and
excessive caffeine could induce OP via the suppression of
osteogenesis and the promotion of adipogenesis of
BMSCs.(27) According to our results, we speculated that caf-
feine may affect the bone metabolism though regulating Ca
levels so that contribute to a BMD reduction.

Table 2. Continued

Variables

Model 1 Model 2 Model 3

β (95 % CI)a P β (95 % CI)a P β (95 % CI)a P

Glucocorticoids

No Ref

Yes −22⋅515 (−75⋅944, 30⋅913) 0⋅404
Bone resorption inhibitors

No Ref Ref

Yes −77⋅256 (−92⋅787, −61⋅725) <0⋅001 −26⋅471 (−39⋅548, −13⋅395) <0⋅001
Estrogens

No Ref Ref

Yes 52⋅465 (34⋅892, 70⋅039) <0⋅001 51⋅939 (35⋅852, 68⋅026) <0⋅001
Corticosteroids

No Ref

Yes −4⋅952 (−28⋅574, 18⋅670) 0⋅677
Parental history of OP

No Ref Ref

Yes −16⋅980 (−30⋅991, −2⋅969) 0⋅018 −12⋅161 (−24⋅545, 0⋅222) 0⋅054

PIR, poverty income ratio; BMI, body mass index; Ca, calcium; VD, vitamin D; BMD, bone mineral density; CI, confidence interval; TC, total cholesterol; LDL, low-density lipo-

protein; HDL, high-density lipoprotein; TG, triglyceride; DM, diabetes mellitus; OP, osteoporosis.

Model 1: crude mode.

Model 2: adjusted for age, race, PIR, and BMI.

Model 3: adjusted for age, race, PIR, BMI, vigorous activity, moderate activity, DM, previous fracture, VD intake, bone resorption inhibitors, estrogens, parental history of OP, and

total energy intake.
a The actually estimated value was that in table multiply by 10−3.
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Table 3. Association between caffeine metabolites and BMD

Variables

Model 1 Model 2 Model 3

β (95 % CI)a P β (95 % CI)a P β (95 % CI)a P

Age −4⋅824 (−6⋅281, −3⋅367) <0⋅001
Race

Mexican American Ref

Other Hispanic −4⋅225 (−46⋅730, 38⋅279) 0⋅840
Non-Hispanic White −21⋅088 (−56⋅409, 14⋅233) 0⋅231
Non-Hispanic Black 90⋅591 (54⋅591, 126⋅591) <0⋅001
Other race — including

multi-racial

−54⋅312 (−110⋅261, 1⋅637) 0⋅057

Education level

Less than 9th grade Ref

High school or above 4⋅070 (−31⋅154, 39⋅293) 0⋅815
PIR 1⋅707 (−6⋅252, 9⋅666) 0⋅664
BMI 8⋅583 (6⋅041, 11⋅125) <0⋅001
Smoking

Everyday Ref

Someday 98⋅298 (5⋅543, 191⋅053) 0⋅039
Never −8⋅460 (−60⋅163, 43⋅242) 0⋅739

Drinking

No Ref

Yes −10⋅546 (−48⋅331, 27⋅239) 0⋅573
Vigorous activity

No Ref

Yes 21⋅320 (−11⋅620, 54⋅260) 0⋅196
Moderate activity

No Ref

Yes −12⋅942 (−36⋅313, 10⋅429) 0⋅267
DM

No Ref

Yes 65⋅602 (12⋅356, 118⋅848) 0⋅018
Hypertension

No Ref

Yes 8⋅808 (−13⋅590, 31⋅206) 0⋅428
CHD

No Ref

Yes −52⋅856 (−106⋅357, 0⋅644) 0⋅053
Angina pectoris

No Ref

Yes 75⋅308 (4⋅226, 146⋅389) 0⋅039
Unknown

Stroke Ref

No 32⋅782 (−64⋅305, 129⋅869) 0⋅495
Yes

Previous fracture Ref

No −38⋅677 (−66⋅040, −11⋅314) 0⋅007
Yes

Hypercholesterolaemia Ref

No −5⋅739 (−29⋅888, 18⋅409) 0⋅631
Yes

Lipid lowering drug Ref

No −1⋅731 (−34⋅159, 30⋅698) 0⋅914
Yes −19⋅589 (−31⋅275, −7⋅903) 0⋅002

TC −14⋅344 (−27⋅231, −1⋅458) 0⋅030
LDL −24⋅671 (−44⋅676, −4⋅666) 0⋅017
HDL 1⋅685 (−16⋅343, 19⋅714) 0⋅850
TG −0⋅011 (−0⋅029, 0⋅006) 0⋅203
Ca intake −0⋅205 (−0⋅584, 0⋅175) 0⋅280
VD intake 0⋅016 (−0⋅010, 0⋅042) 0⋅210
Energy intake 0⋅572 (−0⋅088, 1⋅232) 0⋅087
Protein intake −0⋅203 (−0⋅436, 0⋅030) 0⋅085
Sugar intake 0⋅573 (0⋅047, 1⋅099) 0⋅034
Fat intake −0⋅011 (−0⋅180, 0⋅158) 0⋅897
Carbohydrate intake

Glucocorticoids Ref

No −58⋅301 (−124⋅832, 8⋅231) 0⋅084
Yes

Continued
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Caffeine metabolites, including MethyluricAcid3,
MethyluricAcid7, MethyluricAcid37, Methylxanthine3, and
Methylxanthine37, were negatively associated with BMD in
this study. Similarly, Chau et al.(17) identified twelve serum
metabolites significantly associated with self-reported habitual
coffee intake in community-dwelling Chinese adults, and four
of these twelve coffee-associated metabolites were significantly
associated with BMD. Although the specific mechanisms by

which these caffeine metabolites we identified affect BMD
have not been reported, they have also been reported to be sig-
nificantly associated with a number of other diseases. Glover
et al.(28) found significant, inverse associations between six
xanthine metabolic products of caffeine and testosterone.
Ngueta et al.(29) showed that the odds of hypertension
decreased across quartiles of MethyluricAcid3, MethyluricAcid7,
Methylxanthine3, and Methylxanthine7. The metabolically

Table 3. Continued

Variables

Model 1 Model 2 Model 3

β (95 % CI)a P β (95 % CI)a P β (95 % CI)a P

Bone resorption inhibitors Ref

No −67⋅239 (−100⋅570, −33⋅909) <0⋅001
Yes

Estrogens Ref

No 80⋅346 (35⋅676, 125⋅017) <0⋅001
Yes

Corticosteroids Ref

No −79⋅885 (−114⋅135, −45⋅636) <0⋅001
Yes

Parental history of OP Ref

No −19⋅424 (−46⋅965, 8⋅117) 0⋅160
Yes −0⋅024 (−0⋅071, 0⋅023) 0⋅310 −0⋅008 (−0⋅051, 0⋅036) 0⋅724 −0⋅005 (−0⋅052, 0⋅043) 0⋅837

MethyluricAcid1 −5⋅392 (−9⋅055, −1⋅730) 0⋅005 −3⋅593 (−7⋅310, 0⋅124) 0⋅057 −4⋅036 (−7⋅788, −0⋅285) 0⋅037
MethyluricAcid3 −0⋅215 (−0⋅425, −0⋅005) 0⋅045 −0⋅201 (−0⋅376, −0⋅026) 0⋅026 −0⋅199 (−0⋅381, −0⋅017) 0⋅035
MethyluricAcid7 −0⋅107 (−0⋅196, −0⋅018) 0⋅020 −0⋅023 (−0⋅089, 0⋅042) 0⋅465 −0⋅030 (−0⋅086, 0⋅025) 0⋅259
MethyluricAcid13 −0⋅017 (−0⋅180, 0⋅145) 0⋅828 −0⋅019 (−0⋅166, 0⋅129) 0⋅793 −0⋅041 (−0⋅191, 0⋅109) 0⋅567
MethyluricAcid17 −2⋅301 (−5⋅479, 0⋅877) 0⋅149 −3⋅172 (−5⋅806, −0⋅538) 0⋅020 −3⋅995 (−6⋅504, −1⋅486) 0⋅004
MethyluricAcid37 0⋅351 (−1⋅911, 2⋅613) 0⋅753 0⋅206 (−2⋅054, 2⋅466) 0⋅852 −0⋅311 (−2⋅608, 1⋅986) 0⋅774
MethyluricAcid137 0⋅011 (−0⋅096, 0⋅118) 0⋅840 0⋅021 (−0⋅084, 0⋅125) 0⋅686 0⋅022 (−0⋅079, 0⋅124) 0⋅644
Methylxanthine1 −0⋅166 (−0⋅285, −0⋅047) 0⋅008 −0⋅132 (−0⋅252, −0⋅011) 0⋅033 −0⋅150 (−0⋅276, −0⋅024) 0⋅023
Methylxanthine3 −0⋅072 (−0⋅170, 0⋅026) 0⋅144 −0⋅061 (−0⋅163, 0⋅040) 0⋅224 −0⋅070 (−0⋅181, 0⋅041) 0⋅197
Methylxanthine7 −1⋅239 (−2⋅300, −0⋅179) 0⋅024 −0⋅475 (−1⋅302, 0⋅351) 0⋅246 −0⋅607 (−1⋅421, 0⋅207) 0⋅131
Methylxanthine13 −0⋅069 (−0⋅577, 0⋅438) 0⋅782 −0⋅134 (−0⋅639, 0⋅370) 0⋅587 −0⋅171 (−0⋅623, 0⋅281) 0⋅427
Methylxanthine17 −0⋅294 (−0⋅549, −0⋅038) 0⋅026 −0⋅329 (−0⋅509, −0⋅149) <0⋅001 −0⋅379 (−0⋅575, −0⋅183) 0⋅001
Methylxanthine37 −0⋅369 (−1⋅714, 0⋅977) 0⋅579 −0⋅073 (−1⋅351, 1⋅204) 0⋅906 −0⋅210 (−1⋅410, 0⋅990) 0⋅712
Methylxanthine137 −4⋅824 (−6⋅281, −3⋅367) <0⋅001

PIR, poverty income ratio; BMI, body mass index; Ca, calcium; VD, vitamin D; BMD, bone mineral density; CI, confidence interval; TC, total cholesterol; LDL, low-density lipo-

protein; HDL, high-density lipoprotein; TG, triglyceride; DM, diabetes mellitus; CHD, coronary heart disease; OP, osteoporosis.

Model 1: crude mode.

Model 2: adjusted for age, race, PIR, and BMI.

Model 3: adjusted for age, race, PIR, BMI, vigorous activity, moderate activity, DM, previous fracture, VD intake, bone resorption inhibitors, estrogens, parental history of OP, and

total energy intake.
a The actually estimated value was that in table multiply by 10−3.

Fig. 3. The residual analysis of caffeine and its metabolites.
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active products of caffeine metabolism including theophylline
and theobromine of the xanthine class have direct effects
on gonadotropin-induced steroidogenesis.(30) Further studies
on the underlying mechanisms of the effects of caffeine
metabolites on BMD in postmenopausal woman needed to
be conducted.
Subgroup analysis based on age showed that in females aged

<65 years old, MethyluricAcid37 and Methylxanthine37 were
negatively associated with the BMD, while in those who
aged ≥65 years old, MethyluricAcid3 and Methylxanthine3
were more noticeable. Some epidemiological studies indicated
that caffeine only had adverse effects on bone mass among
postmenopausal women,(14,31,32) but no negative association
between caffeine consumption and bone mass was seen in
young women.(33,34) Obviously, the different level of
age-related estrogen is the major difference between old and
young women. There has been plentiful evidence that showed
estrogen had the ability to reduce bone loss,(35) decrease risk of
fractures,(36) and increase Ca absorption(37) that in contrast to
the effects of caffeine on bone. We presumed that the negative
roles of caffeine on bone may exhibit in absence or low level of
estrogen in vivo, since estrogen has been proved to have mul-
tiple positive impacts on the metabolism of bone-related
cells.(38–40) However, the role of age in the effect of caffeine
metabolites including MethyluricAcid and Methylxanthine on
BMD needed further explored.

Strengths and limitations

The study population was from the NHANES database so
that the sample size was large and representative. There are
few objective ways to measure caffeine intake, and in the pre-
sent study, NHANES measured caffeine exposure through the
food-frequency questionnaire (FFQ). However, individual’s
habitual diet could not be fully assessed since the data was
completed by using a FFQ that is subject to recall bias and
selective bias. This observational study was also unable to
observe the dose of caffeine exposure over a long period of
time. The causal relationship between caffeine consumption
and caffeine metabolites and BMD in postmenopausal
women cannot be determined given the study was a cross-

sectional study. Further prospective cohort studies are needed
to explore the roles of caffeine and its metabolites in OP
among postmenopausal women.

Conclusion

Caffeine metabolites were negatively associated with BMD in
postmenopausal women, and further study is still needed to
find the underlying mechanisms.
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