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Background: Many epidemiological studies have investigated the connection
between coffee intake and bone mineral density (BMD), but the results are
controversial. This study aimed to assess the association between caffeine
consumption and lumbar BMD in adults aged 20-49.

Methods: From a cross-sectional study based on a large sample of the National
Health and Nutrition Examination Survey 2011-2018. After controlling for
confounders, the weighted multivariate linear regression model was created
and stratified by age, gender, and race for subgroup analysis. In addition, we
simultaneously stratified analysis by age and sex and divided caffeine intake into
quartiles to assess the association between coffee intake and BMD.

Results: Caffeine intake was not significantly linked with lumbar BMD in this
study of 7041 adults. In subgroup studies stratified by age, there was a
significant correlation between lumbar BMD and caffeine consumption in
participants aged 30-39 and 40-49. In females, there was a positive
correlation between lumbar BMD and coffee consumption stratified by
gender. When evaluated by race, the association between lumbar BMD and
caffeine intake was independent of race. Consequently, when stratifying for
age, sex, and coffee intake quartiles, a significant positive correlation was
discovered between the fourth coffee intake quartile and lumbar BMD in
females aged 30-39. In addition, a negative correlation was discovered
between coffee consumption and lumbar BMD in males aged 40-49.

Conclusions: Our research indicates that drinking coffee may benefit 30-39
women'’s lumbar BMD, but it may adversely affect men aged 40-49.
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Introduction

Osteoporosis (OP) is a degenerative disease of the bones that
results in weakened bones, weakened microarchitecture,
increased fragility, and increased fracture risk (1, 2). Owing to
the development of an aging population, osteoporosis has
become the most common bone-related chronic disease and
the bone metabolic disease with the highest incidence.
According to a worldwide survey by the International Society
for Clinical Densitometry and the International Foundation for
Osteoporosis, more than 70 million Americans will be diagnosed
with osteoporosis or bone loss by 2030 (3). The economic
burden of osteoporosis-related fractures is significant, costing
approximately $17.9 billion annually in the United States (4).
Therefore, clinical attention should be focused on identifying
modifiable osteoporosis risk factors, such as coffee drinking.

Coffee is one of the most widely consumed beverages in the
world nowadays. According to a survey conducted by the National
Coffee Association, roughly 64% of adults in the United States
drink coffee daily, and approximately 517 million cups of coffee
are consumed daily (5). Therefore, researchers pay more attention
to the effect of caffeine on human health. Epidemiological research
(6-11) indicates that coffee consumption can prevent or decrease
the risk of cardiovascular disease, chronic liver conditions,
neurodegeneration, and cancer. However, coffee consumption
can also adversely affect the human body, such as sleep
disturbance, anxiety, and poor pregnancy outcomes (12). Coffee
can significantly affect metabolic levels in adults and has been
proven in numerous studies to affect metabolic diseases such as
obesity and diabetes significantly (13-16).

In the past, a great deal of epidemiological research has been
carried out in order to investigate the connection between coffee
consumption and BMD. However, the conclusions have been
inconsistent. In a Taiwanese longitudinal study, Chang et al.
found drinking coffee to have a significantly beneficial
relationship with BMD in both males and premenopausal
women (17). However, Hallstrom et al. observed that high
coffee intake in middle-aged and elderly Swedish women
decreased BMD by 2%-4% compared to low coffee intake (18).
It is puzzling that Demirbag et al. investigated 200 premenopausal
individuals and found no correlation between coffee consumption
and BMD (19). These contradictory results may be attributable to
their demographic traits, small sample size, bias in data collection,
and other aspects. Therefore, we used the National Health and
Nutrition Examination Survey (NHANES) database from 2011 to
2018 to conduct a large-scale, broadly representative clinical study
on the connection between coffee consumption and BMD to
guide clinicians.

Frontiers in Endocrinology

02

10.3389/fendo.2022.1008275

Methods
Data source and study population

This study is based on 2011-2018 NHANES data. The
NHANES is a nationally representative sample database that
assesses the physical and mental well-being of adults and
children in the United States. The NHANES has a
complicated, multi-stage stratified sample design that covers
individuals from various life backgrounds and is representative
of the population as a whole. In addition to demographic,
socioeconomic, and nutritional questions, the survey also
includes physiological measurements and laboratory tests. The
information collected by NHANES is used by public health
officials, legislators, and clinicians to estimate how common
chronic diseases are and to create good public health policies,
public health initiatives, and services that protect the health of
the population.

We retrieved a total of 39,156 participants from the 2011-
2018 NHANES database, and we excluded 11378 subjects older
than 49 years and 16,539 subjects younger than 20. Ultimately,
7041 participants were included in our investigation after we
eliminated 5493 adults who had missed two 24-hour dietary
recall interviews about caffeine use (n = 2869) or lumbar BMD
(n = 1329)(Figure 1).

Ethics statement

NHANES requires all survey participants to sign an informed
consent form, which is evaluated and authorized by the National
Center for Health Statistics Ethics Review Board. After privacy has
been protected, the data are now available to the public. It is
already feasible to convert data into an analyzed format. All
statistics will be used for research methodology, and all research
will comply with applicable laws and standards as long as we
follow the research’s data usage rules.

Covariates

In this study, we used two 24-hour dietary recall interviews to
determine how much caffeine each participant drank daily. The
first 24-hour dietary recall interview was conducted in person at
the Mobile Examination Center (MEC), and the second 24-hour
dietary recall interview was conducted by phone 3-10 days after
the MEC. All participants were required to complete both
interviews. The subjects were evaluated using dual-energy X-ray

frontiersin.org


https://doi.org/10.3389/fendo.2022.1008275
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

Total participants from
NHANES 2011-2018
(n=39156>

10.3389/fendo.2022.1008275

Individuals age < 20

20-49 years of age
(N=11239)

years (n=16539) or age > 50
years (n=11378)

Missing data for two 24-hour
dietary recall interviews of

In the final analysis
(n=7041)

FIGURE 1
Flowchart of participants selection.

absorptiometry (DXA), performed on a Hologic Discovery Model
A densitometer (Hologic, Inc., Bedford, Massachusetts) using
Apex version 3.2 software. The radiographer who performed the
evaluations was trained and certified. A whole-body scan was
performed, and the subject’s BMD was calculated (Containing
lumbar spine BMD information but no femoral neck BMD). In
the Body Composition Procedure Manual, which may be found
on the NHANES website, there is further information regarding
the DXA examination protocol. In addition, we incorporated
gender, race/ethnicity, educational level, and moderate exercise
as categorical variables in this study. Age, BMI, the ratio of family
income to poverty, alkaline phosphatase, blood calcium, blood
phosphorus, blood uric acid, total cholesterol, triglyceride,
glycohemoglobin, blood urea nitrogen, serum creatinine, urinary
albumin creatinine ratio, total albumin, average caffeine intake,
lumbar BMD are continuous variables. Visit www.cdc.gov/nchs/
nhanes/ to learn more about how covariate data were collected,
how two 24-hour recall interviews were conducted, and how
lumbar BMD outcome variables were measured.

Statistical analyses

All of the estimates in this investigation were computed using
sample weights, following recommended by the NCHS.
Continuous variables are shown as the Mean * SD, and the
weighted multiple linear regression model was utilized to
determine whether there were differences between the various
groupings of continuous variables. The chi-square test results were
analyzed to see whether or not there was a significant difference
between the categorical variable components. The results of the
test are reported as %. Following the recommendations provided
by Reporting on Observational Studies in Strengthening
Epidemiology, three weighted multivariate linear regression
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caffeine intake(n=2869)or
lumbar BMD (n=1329)

models were created to acquire a more comprehensive
understanding of the association between coffee consumption
and BMD. Model 1 was left untouched. Model 2 has been
tweaked to consider age, gender, and race/ethnicity. Model 3
adjusted for all confounders. We did subgroup analyses based on
age, gender, and race to get the most out of these data and
investigate further the association between coffee consumption
and lumbar BMD. The EmpowerStats (http://www.empowerstats.
com) and R (http://www.r-project.org) were utilized for every
statistical analysis. In general, we regarded P < 0.05 as
statistically meaningful.

Results

Table 1 provides the weighted characteristics of the study
samples, which include demographic and medical characteristics.
The research included 7041 subjects, with 3565 males and 3476
females participating. The average age of men was 33.65 + 8.62
years old, and that of women was 34.42 + 8.84 years old, and the
difference was statistically meaningful. The daily caffeine intake of
male participants was 0.15 + 0.18 g, and that of female participants
was 0.13 + 0.15 g, and the difference was also statistically
meaningful. Furthermore, the difference still existed in
educational level, ratio of family income to poverty, moderate
activity, alkaline phosphatase, blood calcium, total cholesterol,
blood uric acid, triglyceride, blood urea nitrogen, blood creatinine,
glycohemoglobin, lumbar BMD and total protein. No statistically
significant differences were observed between the male and female
participants in terms of,race or ethnicity, BMI, blood phosphorus,
and the urine albumin creatinine to ratio.

Table 2 presents three weighted multivariate linear regression
models. In Model 1, without adjustment for variables, there was a
statistically negative association between caffeine consumption
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TABLE 1 Weighted characteristics of the study sample.

Male (n=3565)

Age (years) 33.65 + 8.62
Race/ethnicity (%)

White 57.74
Black 11.6
Mexican American 124
Other race 18.25
Educational level, n (%)

Less than high school 12.6
High school 234
More than high school 64
Ratio of family income to poverty (%) 2.90 + 1.62
Moderate activities (%)

No 25.87
Yes 74.13
Body mass index (kg/m?) 2872+ 6.22
Alkaline phosphatase (u/l) 66.96 + 21.76
Serum calcium (mmol/l) 2.37 £ 0.08
Serum phosphorus (mmol/l) 1.20 £ 0.19
Serum uric acid (umol/l) 361.15 + 71.95
Total cholesterol (mmol/l) 4,92 + 1.02
Triglyceride (mmol/l) 193 + 1.72
Glycohemoglobin (%) 541 +0.77
Blood urea nitrogen (mmol/l) 4.80 + 1.39
Serum creatinine (umol/l) 85.06 + 16.67
Urinary albumin creatinine ratio (mg/g) 18.81 + 215.08
Total protein (g/1) 72.30 £ 4.14
Average caffeine intake (g/day) 0.15+0.18
Lumbar bone mineral density (g/cm?) 1.03 £ 0.15

10.3389/fendo.2022.1008275

Female (n=3476) P value

3442 + 8.84 <0.001
0.261

58.06

12.89

11.61

17.44
< 0.001

11.37

17.96

70.67
272 + 161 < 0.001
<0.001

299

70.1
28.99 + 7.62 0.104
63.42 + 21.16 <0.001
2.32 +0.08 < 0.001
121 +0.17 0.054
27274 + 61.75 < 0.001
479 + 0.90 < 0.001
140 + 1.20 <0.001
537 +0.71 0.026
404 +1.33 < 0.001
65.22 + 2021 < 0.001
23.62 + 12391 0.257
7121 + 4.06 < 0.001
0.13 +0.15 <0.001
1.06 + 0.14 < 0.001

Continuous variables are presented as Mean + SD, P-value was calculated by a weighted linear regression model. Categorical variables are presented as %, P-value was calculated by chi-

square test.

and lumbar BMD. As for Model 2 with partial adjustment for
covariates and model 3 with adjustment for all variables, average
caffeine intake and lumbar BMD were linked, but the link was not
statistically significant. When stratified by age, average caffeine
consumption was positively and significantly associated with
lumbar BMD in adults aged 30-39 and 40-49. Average caffeine
intake in female adults was significantly positively associated with
lumbar BMD when stratified by gender. Coffee intake and lumbar
BMD were not associated with race when evaluated by race.
Table 3 displays the correlation between average caffeine
consumption and BMD stratified by age and sex. Caffeine
consumption was found to be positively related to lumbar BMD
in females aged 30-39 and negatively related to lumbar BMD in
males aged 40-49.By further stratifying the average caffeine intake,
we studied the relationship between caffeine intake and lumbar
bone mineral density and took the lowest quartile of caffeine
intake as the control group. The trend between the quartile of
average caffeine intake and lumbar BMD remained significant in
the two subgroups.Notably, in the subgroup of women aged 30 -
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39 years, the fourth quartile was significantly different from the
lowest group, but no difference was found among the four quartile
in the subgroup of men aged 40 - 49 years.

Discussion

Coffee is the most popular beverage in the world. Osteoporosis
is a common endocrine and metabolic disease. BMD is one of the
most important diagnostic indexes of OP. Many epidemiological
studies have been conducted to investigate the connection
between coffee consumption and BMD, but the conclusions are
controversial (17, 18, 20). As a result, we used the NHANES
database to perform this extensive, representative cross-
sectional study.

From the NHANES 2011-2018, we chose a representative
sample of 9041 adults aged 20-49. In subgroups stratified by
age, according to our data, a significant correlation existed
between the consumption of coffee and lumbar BMD in
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Table 2 Association between average caffeine intake (g/day) and lumbar bone mineral density (g/cm?).

Exposure Model 1, B (95% CI)

Average caffeine intake (g/day) -0.027 (-0.048, -0.007)**
Stratified by age
20-29 years old
30-39 years old

40-49 years old

-0.015 (-0.057, 0.028)
0.009 (-0.028, 0.046)*
-0.054 (-0.086, -0.022)**

Stratified by gender
Male -0.055 (-0.082, -0.028)***
Female 0.036 (0.005, 0.068)*

Stratified by race

White -0.004 (-0.035, 0.027)
Black 0.026 (-0.063, 0.115)
Mexican American -0.066 (-0.141, 0.009)
Other race -0.026 (-0.064, 0.012)

Model 1: All variables were not adjusted.

Model 2: Age, sex, race were adjusted.

Model 3: All variables were adjusted.

The model is not adjusted for the stratification variable itself in the subgroup analysis.
*P<0.05, **P<0.01, ***P<0.001.

individuals aged 30-39 and 40-49. In subgroups stratified by
gender, we found that association between caffeine intake and
bone mineral density is also influenced by gender. The three
models failed to find this connection in subgroups stratified
by race. Since the association between the amount of caffeine
consumed and the BMD of the lumbar spine varies depending

Model 2, B (95% Cl)

-0.002 (-0.023, 0.019)

0.016 (-0.027, 0.058)
0.040 (0.002, 0.077)
-0.035 (-0.068, -0.003)*

-0.022 (-0.050, 0.006)
0.039 (0.005, 0.072)*

0.006 (-0.026, 0.038)
0.016 (-0.075, 0.107)
-0.027 (-0.104, 0.051)
-0.021 (-0.059, 0.017)

10.3389/fendo.2022.1008275

Model 3, B (95% CI)

0.000 (-0.021, 0.021)

0.022 (-0.020, 0.064)
0.040 (0.002, 0.077)*
-0.033 (-0.065, -0.001)*

-0.019 (-0.046, 0.009)
0.037 (0.004, 0.070)*

0.009 (-0.022, 0.040)
0.010 (-0.081, 0.100)
-0.038 (-0.117, 0.041)
-0.024 (-0.062, 0.014)

on age and gender, we further analyzed and stratified

gender and age simultaneously. We found that women aged

30-39 had a significant positive association between

coffee consumption and BMD and that in this group.

However, in 40-49 years old men subgroup, we found a

negative correlation.

TABLE 3 Association between Average caffeine intake (g/day) and lumbar bone mineral density (g/cm?), stratified by age and gender.

Quintiles of average caffeine intake (g/day)

20-29 years old
Lowest quartiles
ond

3rd

4h

P for trend
30-39 years old
Lowest quartiles
ond

3rd

40

P for trend
40-49 years old

Lowest quartiles
ond

3rd
4xh
P for trend

All variables were adjusted.
*P<0.05, **P<0.01.

Frontiers in Endocrinology

Lumbar bone mineral density (g/cmz), B (95% Cl)

Male

0.025 (-0.029, 0.078)
reference
0.004 (-0.017, 0.025)
-0.003 (-0.024, 0.019)
-0.019 (-0.042, 0.003)
0.096
0.023 (-0.024, 0.071)
reference
-0.006 (-0.033, 0.020)
-0.012 (-0.037, 0.012)
0.003 (-0.020, 0.026)
0.748
-0.070 (-0.113, -0.026)**
reference
0.001 (-0.032, 0.033)
0.016 (-0.018, 0.049)
-0.027 (-0.058, 0.004)
0.026

05

Female

0.056 (-0.012, 0.125)
reference
-0.007 (-0.026, 0.012)
0.006 (-0.013, 0.026)
0.014 (-0.008, 0.036)
0.158
0.080 (0.019, 0.142)*
reference
0.009 (-0.014, 0.033)
0.012 (-0.013, 0.036)
0.025 (0.000, 0.050)*
0.049
0.007 (-0.041, 0.054)
reference
0.013 (-0.015, 0.040)
0.020 (-0.007, 0.047)
0.011 (-0.016, 0.037)
0.553
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The effect of coffee consumption on BMD is controversial as
one of the three most popular beverages in the world. In a clinical
study of 4066 postmenopausal women, Choi et al. analyzed by
multivariate logistic regression, adjusting for all confounding
factors, that the highest coffee intake group had a 36% lower
prevalence of osteoporosis than the lowest group (P = 0.015) (21).
In a prospective study with up to 30 years of follow-up, researchers
randomly selected 7495 men aged 46-56 and found that coffee
consumption reduced the incidence of hip fractures. Researchers
have found that males who drink coffee have a lower risk of
fractures (22). Similarly, Yu et al. demonstrated in a large,
community-based cross-sectional study that moderate coffee
consumption decreases the prevalence of osteoporosis in men
(23). In a recent meta-analysis of approximately 400,000
participants, researchers found that people with high coffee intake
had a lower risk of osteoporosis than those with low coffee intake
[OR (95% CI): 0.79 (0.65-0.92)] (24). A Hong Kong OP study
showed that the serum metabolite levels of caffeine were
significantly correlated with BMD, which to some extent,
confirmed our findings (25). As for the potential
pathophysiological aspects of the effect of coffee consumption on
BMD. In a recent study, Berman et al. showed that caffeine regulates
osteoblast/osteoclast differentiation through nonspecific
antagonism of adenosine receptors (26). Ankita et al. suggested
that the physiological release of purine in the extracellular space
plays an important role in bone homeostasis, both by acting on
membrane receptors directly affecting osteocytes and by synergistic
stimulation with some osteoactive hormones (27). In addition,
researchers also believe that caffeine affects bone metabolism
through mechanisms such as regulating calcium and altering the
lipid profile (28). Consistent with previous studies, we believe that
young women who consume coffee can improve their lumbar spine
BMD. However, the finding that men aged 40-49 years who drink
coffee may have a potential risk of lumbar spine BMD contradicts
previous studies, and we did not find an association after stratifying
all variables only by sex, so the conclusions of this male-specific
study need to be cautiously interpreted.

Nevertheless, there are some concerns with our study. People
older than 50 years were not included in this study due to a
scarcity of data, resulting in these subjects being excluded from the
analysis, which severely limits the possibility of considering the
basic endpoint of fragility fracture risk when referring to “bone
health.” This is one of the major limitations of this study. Because
this was a cross-sectional study, it was not possible to determine
whether or not there was a causal connection between the use of
coffee and lumbar spine BMD. Due to the limitations of the
questionnaire, personal eating habits and lifestyles could not be
assessed, and the menstrual conditions, sex hormone levels, and
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drug use of female participants may have affected the study’s
findings. Levels of bioactive were unknown. The specific
mechanism of coffee action is not involved in this study. This
study has many covariates, and there may be some collinearity
between them. In addition, hip femoral neck BMD was not
included in this study due to data limitations. Despite these
limitations, it is undeniable that our study’s sample size is
significant and that it represents a sophisticated, stratified,
multi-stage probabilistic sample of the non-institutionalized
American population. In terms of survey techniques and quality
assurance, NHANES 1is of high caliber. Additionally, after
adjusting for various confounders, we performed weighted
multiple linear regression analysis and subgroup analyses
stratified by age, gender, and ethnicity to assess the effect of
coffee consumption on BMD. Most importantly, the findings of
this study provide new information for patients with osteoporosis
or low bone mass since they demonstrate that drinking coffee has
a beneficial impact on BMD in young women. For future research
on this topic, due to the lack of data on people over 50 years of age
in this study, we suggest that future studies take more into account
factors such as menopause and old age. Considering the
limitations and shortcomings of our study, we recommend that
more prospective studies be conducted in the future to confirm
the causal relationship between caffeine and BMD. In addition,
coffee contains various active ingredients, and future studies
should fully consider the effects of other minerals and other
factors on bone.

In conclusion, according to this study, drinking coffee may
benefit women aged 30-39 lumbar BMD, but may negatively affect
men aged 40-49. Although our study is focused on caffeine, in our
daily life, we also need to pay attention to the differences in the
content of minerals, lipids, proteins, and other substances in
different coffee powders, which may also have an impact on bone
health, although it is difficult to weight them because they are not
easy to calculate and consider in observational studies.
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