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ABSTRACT
Aims: Osteoporosis is a metabolic bone disease characterized by low bone mass and
deteriorated bone tissue. There is ongoing debate about the effect of caffeine intake on bone
metabolism due to inconsistent study results. This study aimed to assess the association
between caffeine intake and bone mineral density (BMD).
Methods: This single center cross-sectional study, prospectively enrolled postmenopausal
women aged between 41 and 65 years who underwent bone mineral density measurement by
dual‐energy X‐ray absorptiometry (DXA) at the lumbar spine and femoral neck. Caffeine intake
was estimated using a food frequency questionnaire (FFQ) and a caffeine-specific FFQ. Patients
consuming more than 260 mg/day caffeine were classified as high consumers.
Results: The study included 80 subjects (mean age: 57.1±5.6 years). Daily caffeine intake
was 229.7±119.5 mg, and 36.3% (n=29) of the patients was classified as high consumers.
The mean total T-score was -1.4±0.9 at the lumbar spine and -1.7±0.9 at femoral neck. High
and low caffeine consumers had similar mean total T-score at the lumbar spine (-1.4±1.1 vs.
-1.4±0.8, p=0.849). However, femoral neck mean T-score was significantly lower in high caffeine
consumers (-2.0±0.9 vs. -1.5±0.7, p=0.033). The amount of daily caffeine intake showed a
negative, moderate correlation with femoral neck T-score (r=-0.251, p=0.025).
Conclusions: The results of this study suggest that higher caffeine intake may be associated
with lower T-scores on DXA of the femoral neck.

Introduction
Osteoporosis is a metabolic bone disease, characterized
by low bone mass, deteriorated bone tissue and disrupted
bone microarchitecture, which results in increased fracture
risk and decreased quality of life. Osteoporosis is an important
public health problem, associated with adverse health effects
and economic burden. In parallel with the globally increasing
aging population, osteoporosis is also increasing worldwide.
Osteoporosis is diagnosed either through a history of a fragility
fracture without a serious trauma or bone mineral density (BMD)
measurement (1) by dual-energy X-ray absorptiometry (DXA).
©Copyright

The risk factors of osteoporosis can be classified as
modifiable (low physical activity, inadequate calcium and
vitamin D intake, high alcohol and caffeine intake, smoking, and
low muscle mass) and non-modifiable factors (hereditariness,
Caucasian ethnicity, age, female sex, hormonal status) (2,3).
The risk of osteoporosis in women increases after menopause
(1,4,5). Inadequate calcium intake and low serum 25 (OH)
vitamin D3 [25(OH)D3] levels are important risk factors for
osteoporosis because of increased bone turnover (6).
Caffeine intake may not harm human health unless the
amount of consumption exceeds the safe limit (7). However,
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high doses of caffeine may lead to damaging effects on bone
metabolism, bone healing and osteoblastic activity (8). Caffeine
can also reduce calcium absorption and increase its elimination
(5). A study on postmenopausal women showed that high
caffeine intake can increase lumbar bone loss (9). Another study
reported that three or more cups consumption of coffee in a day
may be a risk factor for osteoporosis (1). Nevertheless, the effect
of caffeine consumption on bone metabolism is still controversial
(10). This study aimed to evaluate the association between
caffeine intake and bone density health among postmenopausal
women with osteopenia or osteoporosis.

Methods
This single-center, cross-sectional study was conducted
between May 2019 and December 2021 at Gaziler Hospital
Physical Medicine and Rehabilitation Unit. Postmenopausal
women aged between 41 and 65 years were included. Patients
were excluded if they had secondary osteoporosis, diabetes
mellitus, hyperthyroidism, primary hyperparathyroidism,
hematologically or gastrointestinal disorders, and autoimmune
diseases such as rheumatoid arthritis, ankylosing spondylitis,
or renal diseases. Other exclusion criteria were the history of
metabolic bone disease, regular use of vitamin D and/or calcium
supplements, anti-acids with calcium; medications that influence
bone mass (e.g., corticosteroids, thyroid hormone, lithium,
heparin, furosemide and proton pump inhibitors), and smoking.
All participants provided signed, informed consent. The study
protocol was approved by the Gülhane Training and Research
Hospital Ethics Committee (no: 19/197, date: 14.05.2019). All
the study procedures followed the Declaration of Helsinki and
the Uniform Requirements for articles submitted to biomedical
journals.
Demographic and anthropometric data (body weight, height,
hip, and waist circumferences) were collected. Body mass index
was calculated as weight (kg)/height (m2). The widest perimeter
of the hip was recorded for hip circumference and the waist
circumference was measured at 2-cm distal from the umbilicus.
Serum 25(OH)D3 and serum total calcium levels were retrieved
from the hospital registries.
Bone density assessment
Osteopenia or osteoporosis was diagnosed by DXA
(Osteosys Primus device, Seoul, Korea). BMD results were
classified according to Bone Health and Osteoporosis
Foundation Guideline (11). BMD within 1.0 standard deviation
(SD) of the mean for a young-adult reference population was
classified as ‘normal’, BMD between 1.0 and 2.5 SD for a youngadult population was classified as ‘osteopenia’ and BMD 2.5 SD
or more below the mean for a young-adult reference population
was classified as ‘osteoporosis’.

Nutritional evaluation
Two food frequency questionnaires (FFQ) were used in
the study to evaluate food intake over the last month: FFQ
for nutrient intake (including 42 foods and beverages), and a
caffeine-specific FFQ to determine foods and beverages with
caffeine content. The adequacy of nutrient intake was assessed
according to age and gender using the Turkey Dietary Guidelines
(12). The daily intake of macro- and micronutrients, and energy
was calculated from the data obtained in the FFQ, using BeBiS
software version 7.2 (Bebispro for Windows, 2010). In this study,
the caffeine-containing food list used in the article by Işgın et
al. (13) was updated and a caffeine-specific FFQ was applied.
The consumption of 35 different foods and beverages (coffee,
tea, cola, chocolate, etc.) with caffeine content was recorded.
The following responses regarding the consumption frequency
were used: never, once a month, twice a month, 1-2 times a
week, 3-4 times a week, 5-6 times a week and every day. After
obtaining data on the caffeine specific FFQ, a national study
(14) and US Food Data Central (15) were used to detail how
much caffeine each food and beverage contained, and the total
caffeine intake was calculated. According to recent data (16),
patients consuming more than 260 mg/day were classified as
high consumers.
Assessment of physical activity
Physical activity level (PAL) was calculated by dividing the
total (durations of activity in minutes multiplied by the physical
activity ratio for each activity) by 1,440 min. The calculated PAL
values were evaluated as follows: <1.40 sedentary, 1.40-1.69
light, 1.70-1.99 moderate, 2.00-2.40 heavy, >2.40 very heavy
activity (17).
Statistical Analysis
Data were analyzed using the Statistical Package for the
Social Sciences (SPSS) for Mac, version 22.0 software (SPSS
Inc., Chicago, IL, USA). Categorical variables are presented
as numbers and percentages, and the numerical variables as
mean and SD. The normality distribution was assessed using
the Kolmogorov-Smirnov test. Categorical data were compared
using the chi-square test, and continuous data were compared
using the Student’s t-test. Correlation coefficients were
calculated using the Pearson’s test. P<0.05 was accepted to be
statistically significant.

Results
The study included 80 subjects (mean age: 57.1±5.6
years). Mean postmenopausal duration was 8.1±4.4 years.
Table 1 shows the basic characteristics of the participants. No
patient was underweight, 37.4% (n=30) were overweight and
26.4% (n=21) were obese. Most patients (40.0%, n=32) were
graduates of university or higher. The mean PAL value was
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1.3±1.1, and most patients were sedentary. When the patients
were grouped as low or high consumers of caffeine, there was
no statistically significant difference between these groups in
terms of main characteristics.
The daily energy, nutrients, and caffeine intake of the
participants are shown in Table 2. Mean caffeine intake was
229.7±119.5 mg, with 36.3% (n=29) as high consumers. There
was no statistically significant difference between the high
consumer and low consumer groups in terms of nutrient intake.
Calcium intake was inadequate in 90.0% (n=72) of the patients.
Most patients had osteopenia (61.2% according to the lumbar
spine total T-score and 66.3% according to the femoral neck
T-score). Classification of the patients according to the lumbar
total and femoral neck T-scores showed significant differences
Table 1. Basic characteristics of the patients
Age, years, mean (SD)

57.1 (5.5)

Serum vitamin D (ng/mL), mean (SD)

26.9 (16.8)

Serum calcium (mg/dL), mean (SD)

10.5 (9.5)

Postmenopausal period (year), mean (SD)

8.1 (4.4)

BMI (kg/m2), mean (SD)

27.1 (4.4)

Waist circumference (cm), mean (SD)

98.3 (10.8)

Hip circumference (cm), mean (SD)

106.1 (9.7)

Waist/hip ratio, mean (SD)

0.9 (0.05)

BMI classification

concerning the diagnosis of osteopenia or osteoporosis
(p=0.013) (Table 3).
The mean total T-score was -1.42±0.89 at the lumbar
spine and -1.69±0.87 at femoral neck. High and low caffeine
consumers had similar mean total T-score at the lumbar spine
(-1.4±1.1 vs. -1.4±0.8, p=0.849). However, femoral neck mean
T-score was significantly lower in high caffeine consumers
(-2.0±0.9 vs. -1.5±0.7, p=0.033).
While 84.3% of patients (n=43) had osteopenia, 15.7% of
patients (n=8) had osteoporosis in low caffeine consumers.
In high caffeine consumers, 58.6% of patients (n=17) had
osteopenia, and 41.4% of patients (n=12) had osteoporosis.
compared to low caffeine consumers, the percentage of patients
with osteoporosis was significantly higher in high caffeine
consumers (p=0.011).
A negative moderate correlation was determined between
caffeine intake and the femoral neck T-score (Table 4). There
was no correlation between total caffeine intake and the total
T-score.

Discussion
The results of this study suggest that high caffeine intake
deteriorates BMD in postmenopausal women, particularly in the
femoral neck. Caffeine intake is widely common worldwide (18).
Table 2. Daily energy and nutrient intake
Caffeine (mg), mean (SD)

229.7 (119.5)

Underweight, n (%)

-

Total Energy intake [kcal], mean (SD)

1661.6 (388.2)

Normal, n (%)

29 (36.3)

Carbohydrates [g/day], mean (SD)

150.5 (47.4)

Overweight, n (%)

29 (36.3)

Carbohydrates, n (%)

37.2 (7.4)

Obese, n (%)

21 (26.4)

Protein [g/day], mean (SD)

66.5 (17.9)

Education

Protein, n (%)

16.5 (2.5)

Illiterate, n (%)

2 (2.5)

Fat [g/day], mean (SD)

86.2 (23.7)

Primary school, n (%)

27 (33.8)

Fat, n (%)

46.2 (6.6)

Secondary-high school, n (%)

18 (22.5)

Cholesterol [mg/day], mean (SD)

313.8 (115.8)

University or Higher, n (%)

32 (40.0)

Fiber [g/day], mean (SD)

20.0 (7.2)

PAL classification

Vitamin A, mean (SD)

1055.7 (867.9)

Sedentary, n (%)

43 (53.8)

Vitamin C, mean (SD)

81.0 (40.2)

Light activity, n (%)

36 (45.0)

Vitamin E, mean (SD)

15.4 (6.5)

Moderate activity, n (%)

1 (1.2)

Calcium, mean (SD)

777.1 (272.0)

Heavy activity, n (%)

0 (0.0)

Phosphorus, mean (SD)

1189.7 (335.3)

Very heavy activity, n (%)

0 (0.0)

Magnesium, mean (SD)

269.6 (86.8)

SD: Standard deviation, BMI: Body mass index, PAL: Physical activity level

SD: Standard deviation

Table 3. The distribution of patients according to the lumbar total and femoral neck T-scores
Lumbar total T-score

Femoral neck T-score

n

%

n

%

Normal

20

25.0

13

16.3

Osteopenia

49

61.2

53

66.3

Osteoporosis

11

13.8

14

17.4

*Chi-square test

p*

0.013
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Table 4. Correlation between caffeine intake and total lumbar spine and femoral neck T-score

Caffeine

Lumbar spine

Femoral neck

r

-0.12

-0.251

p*

0.915

0.025

*Pearson test

Coffee, tea, energy drinks and many carbohydrated drinks, as
well as cocoa, chocolate and some dietary supplements contain
caffeine (19). Approximately 80% of adults consume at least one
caffeine-containing beverage per day (20).
Caffeine consumption is classified as one of the modifiable
risk factors for osteoporosis development (2). Reviews of the
safe limits of caffeine consumption concluded that 200 mg in
a single dose and 400 mg throughout the day should not be
exceeded, and that caffeine will not cause harm when the
consumption remains in the recommended range (21). In this
study, the mean caffeine intake was 229.7±119.5 mg/d that is
consistent with the previous data (22).
With respect to the clinical effects of caffeine intake on
bones (e.g., BMD loss, fractures), previous research findings
are inconsistent. Hallström et al. (5) reported a small reduction
in bone density with caffeine intake but no increase in the
risk of new fractures. Harter et al. (23) found no association
between caffeine intake and calcium intake and bone mass. In
contrast, in a meta-analysis by Lee et al. (24), a positive dosedependent association between caffeine and fracture formation
among women was reported. De França et al. (25) investigated
the dietary patterns in postmenopausal Brazilian women and
observed an inverse relationship between coffee, tea, sweet
food consumption and total femoral BMD.
Correlation analysis in the current study showed that the
femoral neck T-score but not the lumbar spine T-score was
inversely related to the amount of caffeine intake. The differences
in T-scores between the BMD measurement sites might have
influenced the correlation analyses. Because, differences are
common between the BMD measurement sites. Alarkawi et al.
(26) reported lower lumbar spine BMD than the femoral neck
BMD. Rochmis et al. (27) also reported discordance between
the femoral total and femoral neck BMD measurements. Further
studies are necessary to explain the exact reason for the sitespecific relationship between caffeine intake and BMD.
In this study, 36.3% of the patients who were classified as
high consumers, and the femoral total T-score among high
consumers was lower than those of the low consumers. This
result was in concordance with the correlation analysis, which
showed an inverse relationship with caffeine intake. Similarly,
Hallström et al. (5) investigated the effect of long-term caffeine
consumption on BMD and fracture risk. When the high

consumers (≥4 cups) were compared with low consumers (≤1
cup), high coffee intake was associated with 2% lower BMD in
proximal femoral BMD and 4% in the lumbar spine.
Concerns related to the correct assessment of caffeine
intake have been discussed previously (23). Issues of objectivity
occur due to biased methods reliant on patient reports (16).
In this study, dietary assessment and caffeine intake were
assessed using the FFQ administered by a registered dietician
to optimize the method of evaluation of the amount of caffeine
intake. In addition to the measurement method of caffeine
intake, differences in the metabolism and absorption of caffeine
between individuals can change the biological effects of caffeine
(28). As can be seen in the results section, the percentage of
adequate calcium intake was very low. Calcium is bound to
collagen fibers in the form of hydroxyapatite and is essential
for bone strength. Low calcium intake has been identified as a
risk factor for developing osteoporosis (29). High calcium intake
can improve bone mineral content and thus reduce the risk of
fractures in menopause (30). However, it should be remembered
that taking calcium alone is not enough to reduce the risk of new
fractures in the postmenopausal period, and it should be taken
with 25(OH)D3 (31).
There are some limitations of this study, such as the relatively
small sample size and lack of longitudinal follow-up. The use
of T-scores and the lack of bone density values may also be
a limitation as the calculation of T-scores consider additional
parameters. Finally, we could not perform adjusted analysis
due to small sample size. The major strength of this study was
that the food consumption records were taken directly by an
experienced dietician.

Conclusion
The results of this study suggest that higher caffeine intake
may be associated lower T-scores on DXA of the femoral neck.
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