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Highlights
•	Night shift workers have demonstrated an increased risk of bone fracture.
•	High caffeine intake might increase bone loss.
•	Development of osteoporosis in night workers may be accelerated by caffeine intake.

Abstract
Night workers have demonstrated an increased risk of bone fracture. The mechanisms underlying the observed bone changes among night workers 
remain unclear. They have been attributed to hormonal changes resulting from exposure to light during nighttime, sleep restrictions and distur-
bances in expression of circadian rhythms genes. An additional factor that may contribute to increased bone loss among night workers is the con-
sumption of caffeinated products. The aim of the work was to review the epidemiological evidence on the association between caffeine consumption 
and bone density or fracture risk and to sum up the current knowledge on the association between night shift work and osteoporosis among workers. 
A search of the literature was conducted in order to identify proper studies using PubMed, Scopus, Elsevier, and Springer databases. A total of 31 ar-
ticles were identified. The articles were divided to 2 groups of papers assessing the bone fracture risk and osteoporosis among caffeinated beverages 
drinkers (24 studies) and assessing bone strength in night shifts workers (7 studies). Findings from studies assessing the relationship between caf-
feine consumption and bone strength appear inconsistent. However, the results of the some presented studies highlight that high caffeine intake in-
creases bone loss. Thus development of osteoporosis among night workers exposed to light during nighttime might be accelerated by high caffeine 
consumption. No epidemiological study has examined the effect of caffeine intake on the bone fracture risk among night shifts workers yet. There is 
a great need to better understand the etiology of osteoporosis among workers. Int J Occup Med Environ Health 2025;38(5)
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especially among postmenopausal female employees. This 
was confirmed in 6 of the 7 epidemiological studies on  
the relationship between night work and osteoporosis de-
velopment performed to date [18–24].
Night shift workers have demonstrated an increased risk 
of bone fracture [19,22], decreased bone mineral den-
sity [20,23] and increased bone turnover markers [18,21]. 
However, these surveys were carried out in Asia and Amer
ica [19,20,22–24] and only 2 have been conducted in Euro-
pean countries [18,21]. Ethnic differences, working con-
ditions and different diet might also be important on ob-
served results.
The mechanisms underlying the observed bone altera-
tion in night workers remain unclear. They have been at-
tributed to hormonal changes resulting from exposure to 
light during nighttime, sleep restrictions and disturbances 
in expression of circadian rhythms genes [25]. An addi-
tional mechanism leading to increased bone loss by night 
workers may be frequent consumption of coffee and caf-
feinated products. Caffeine is an alkaloid that can not only 
enhance elimination of calcium with urine and inhibit 
calcium absorption from the gastrointestinal tract, but 
can also affect biological processes in bone cells [11,26].
Experimental studies have shown that caffeine blocks the re-
pair of damaged DNA and disrupts the cell cycle check-
points; it also reduces the activity of cyclic adenosine mono-
phosphate (cAMP) phosphodiesterase, leading to inhibition 
of cAMP hydrolysis: one of the secondary cell messengers 
involved in maintaining calcium homeostasis in the cellular 
response to parathyroid hormone (PTH) [27,28].
Parathyroid hormone is synthesized and secreted by 
the parathyroid glands in response to a decrease in blood 
calcium (Ca2+) concentrations. The physiological activa-
tion of the PTH-1 membrane receptor by PTH, through 
the activation of the G protein, leads to an increase in the 
synthesis of cAMP by adenylate cyclase. As caffeine is 
able to inhibit cAMP phosphodiesterase activity, and thus 
cAMP hydrolysis, its presence may prolong cAMP-depen-

INTRODUCTION
Osteoporosis is a disease associated with a decreased bone 
mass leading to an increased risk of low-energy frac-
tures [1]. Osteoporotic fractures the most often occur hip, 
forearm or vertebrae [1,2]. In the Europe, the number of 
osteoporosis sufferers is estimated to be nearly 5.5 million 
men and 22 million women >50 years old. Osteoporosis is 
a common cause of premature disability or death of elderly 
people [2,3]. The peak bone mass is reached in 20–30 years 
of age, following which the level slowly falls [1]. In women, 
the highest intensity of bone resorption is observed in the 
perimenopausal period [1,2]. Bone structure is known to 
be influenced by age, genetic predisposition, ethnic differ-
ences, previous fractures, certain diseases or medication; 
in addition, female sex, lifestyle, and hormone disruptions 
are also believed to increase the risk [1,4,5]. Many hor-
mones are involved in the pathogenesis of osteoporosis, 
e.g., estrogen, cortisol or parathormone. The effect of es-
trogen deficiency after menopause is particularly impor-
tant, because it promotes osteoclastic bone resorption [1]. 
In contrast, melatonin has been found to stimulate osteo-
blast differentiation as well as inhibit bone loss. It also in-
creases synthesis of bone matrix proteins including type I 
collagen and the activity of bone alkaline phosphatase pro-
viding to bone tissue mineralization [3,6–8].
The main source of melatonin in human body is the pi-
neal gland secreting the hormone according with circa-
dian rhythm, with its concentration in blood peaking at 
night [9]. Circadian activity of all tissues is synchronized 
by melatonin, including the daily rhythm of bone tissue 
metabolism, as indicated by inter alia diurnal fluctuations 
of bone turnover markers [9,10–12]. The most important 
factor limiting melatonin secretion is exposure to light 
at night. Moreover melatonin secretion is decreased in 
elderly people and postmenopausal women [9]. Indeed, 
epidemiological studies have found melatonin secretion 
to be lower among night shift workers [13–17] and such 
changes may contribute to progression of osteoporosis, 
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to approx. 800 mg in humans) disrupted bone-forming 
process and promoted bone mass reduction [32]. Mech-
anisms by which caffeine may alter bones metabolism is 
presented in Figure 1. Thus frequent and long-term con-
sumption of caffeine could hypothetically accelerate bone 
loss, especially in women after menopause with disturbed 
circadian rhythm, leading to osteoporosis development.
The purpose of this work was to review the epidemiolog-
ical evidences on the relationship between caffeine con-
sumption and bone density or fracture risk and to sum up 
the current knowledge on the association between work at 
night and osteoporosis among employees. This dual focus 
allows for an integrated view of lifestyle and occupational 
risk factors contributing to osteoporosis.

METHODS
The PubMed, Scopus, Science direct, Web of Science, Sprin- 
ger link, and Google Scholar databases were searched to 
identify relevant epidemiological publications in Eng-
lish, using the terms: “caffeine consumption and osteo-
porosis,” “caffeine consumption and bone fracture risk,” 
“caffeine consumption and bone mineral density,” “caf-
feine and bone turnover markers” as well as “night shift 
work and bone fracture risk,” “night shift work and bone 
mineral density” and “night shift work and bone turn-
over markers.” Additional studies were identified based on 
references from relevant publications and on citation re-
ports. The review focused on human studies published in 
peer-reviewed English journals until March 2025. All au-
thors were involved in papers searching. A total of 31 ar-
ticles were identified. Each paper was evaluated for eligi-
bility. The articles were divided to 2 groups of papers as-
sessing the bone fracture risk and osteoporosis among 
caffeinated beverages drinkers (24 studies) and assessing 
bone strength in night shifts workers (7 studies). Animal 
research, in vitro studies, abstracts, notes, review papers, 
oral presentations, case reports and non-English publica-
tions were not considered.

dent protein kinase A (PKA) activity and enhance the cel-
lular response to PTH [1,28].
Osteoblasts are bone-forming cells; they present PTH and 
vitamin D receptors, together with an ectoenzyme-alkaline 
phosphatase on their surface, and synthesize the bone ma-
trix proteins. They are known to play a role in regulating 
bone resorption by activating osteoclasts [1]. The osteo-
blast cell membrane also houses the receptor activator 
of nuclear factor kappa-B ligand (RANKL), involved in 
activation of osteoclasts through the receptor activator 
of nuclear factor kappa-B (RANK) located on the osteo-
clasts. The effect of RANKL on osteoclastogenesis is stim-
ulated by activation of the PTH receptor [1]. Thus caffeine 
may potentially prolong the cellular response to PTH, ul-
timately resulting in increased bone resorption via inten-
sified osteoclast activity.
The results of some experimental studies on human os-
teoblast cell lines suggest that caffeine inhibits the prolif-
eration and bone formation properties of osteoblasts, in-
duces cell apoptosis and decreases the expression of the 
vitamin D receptor [29,30]. However, caffeine was not ob-
served to have any effect on the activity of alkaline phos-
phatase in human osteoblastic cells [30]. It has been also 
demonstrated that caffeine enhances osteoclast differentia-
tion and the maturation of murine preosteoclast cells [31]. 
More recent experimental data indicated that the skel-
etal effects of caffeine are dose dependent and bidirec-
tional [32]. While moderate concentrations inhibited os-
teoclast differentiation and promoted osteoblast activity, 
high doses stimulated osteoclastogenesis and suppressed 
osteoblast function. These effects were modulated mainly 
via serine–threonine kinase Akt (AKT), nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-κB), 
and mitogen-activated protein kinase (MAPK) pathways. 
In addition, in an ovariectomized mouse model, mod-
erate caffeine dose (corresponding to approx. 400 mg in 
humans) inhibited bone loss via decreased osteoclast ac-
tivity was observed, whereas high dose (corresponding 
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strength, and have yielded mixed results [33–56]. Among 
them 8 studies have noted an association between caffeine 
intake and development of osteoporosis [33,​37,​39,​40,​43,​
45,​48,​50], 9 studies reported no association [35,​39,​41,​42,​
44,​46,​49,​51,53] whereas 7 studies indicate for protective 

RESULTS
Caffeine consumption and bone fracture risk – 
epidemiological data
A total of 24 epidemiological studies have examined the 
association between caffeine consumption and bone 

High consumption
of caffeineIncreased urinary

calcium excretion

Decreased intestinal
calcium absorption

Bone
demineralization

Inibitory effects 
on osteoblasts

Stimulatory effects 
on osteoclasts

Circadian rhythm disruption
melatonin supression

sleep restriction

Night shift work

Osteoporosis

Created in BioRender. Jablonska, E. (2025) https://BioRender.com/71yjbt5

High caffeine may lead to:
– �increased urinary calcium excretion and decreased intestinal calcium absorption, contributing to negative calcium balance and bone demineralization, as calcium is mobilized 

from bone stores to compensate for systemic calcium loss;
– �inhibitory effects on osteoblasts, including reduced proliferation, increased apoptosis and decreased expression of vitamin D receptors, impairing bone formation;
– �stimulatory effects on osteoclasts, promoting their differentiation and resorptive activity, further increasing bone loss.
Night shift work may lead to:
– �circadian rhythm disruption,
– �decreased melatonin synthesis by the pineal gland,
– �sleep restriction, all of which impair osteoblast function and enhance osteoclast activity, thereby promoting bone resorption.

Figure 1. Proposed mechanisms linking high caffeine intake and night shift work with impaired bone metabolism and osteoporosis risk
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tivity, disability pension, diabetes mellitus, marital status, 
and smoking habit [48].
A similar observation was obtained in a prospective study 
in Sweden examining the effect of coffee and tea consum
ption and estimated total caffeine intake on osteopo-
rotic fracture risk [39]. A cohort of 31 527 women aged 
40–76 years at baseline was followed up for 10.3 years. 
Caffeine intake was assessed based on data collected 
via a self-administrated food frequency questionnaire. 
Consumption of 1 cup (150 ml) of coffee corresponded to 
an intake of 80 mg of caffeine. Women who reported 
high caffeine consumption (>330 mg/day, equivalent 
to 4 cups of coffee) had a modestly increased risk of frac-
tures (hazard ratio [HR] = 1.20, 95% CI: 1.07–1.35) com-
pared with those who reported low daily caffeine intake 
(<200 mg/day). A considerable intake of coffee notably 
raised the likelihood of fractures (p for trend = 0.002), 
while consuming tea showed no connection to any risk. 
Interestingly, among high-level coffee drinkers, i.e., those 
drinking ≥4 cups per day, a significantly increased frac-
ture risk was observed among women with low calcium 
intake (<700 mg/day) but not among those with high daily 
calcium intake (>700 mg/day). The multivariate analysis 
included age at the study entry, weight, height, vitamin D 
and A intake, total caloric intake, calcium intake, phos-
phorus intake, alcohol intake, education level and mar-
ital status [39].
Another correlation between high coffee consumption, 
i.e., ≥ 4 cups daily, and increased risk of hip fracture was 
also observed in a population-based prospective cohort 
of 63 257 Chinese men and women between the ages of 
45–74 years in Singapore [37]. The study participants 
completed a semi-quantitative food frequency question-
naire to assess habitual consumption of coffee and tea at 
the start of the study. The population was followed-up 
for 16.7 years. High coffee consumption (≥4 cups/day) 
was significantly associated with higher risk of hip frac-
tures compared to a reference group drinking <1 cup of 

impact of caffeine consumption on bone strength [34,​36,​
47,​52,​54–56]. Summary statement of these studies is pre-
sented in the Table 1.

Caffeine intake and decreased bone strength
Hansen et al. [43] report a correlation between high caf-
feine consumption and increased risk of wrist fracture 
(relative risk [RR] = 1.37, 95% confidence interval [CI]: 
1.11–1.69) in 34 703 postmenopausal women followed 
for 6.5 years during a prospective cohort study. Interest-
ingly upper arm fracture risk was negatively associated 
with high caffeine intake (RR = 0.67, 95% CI: 0.48–0.94). 
No association between caffeine use and hip, vertebral or 
forearm fractures were observed. The multivariate ana-
lysis covariates included age, alcohol consumption, to-
bacco smoking, waist to hip ratio, physical activity level, 
BMI, estrogen use, calcium intake and calories in the 
diet. Fractures were also analyzed in relation to dietary 
sources of caffeine: coffee (cups), tea (cups) and cola 
(glasses). The age-adjusted relative risk of total fractures 
was found to be increased, but only for high consumption 
of cola (≥6 glasses/day) (RR = 1.25, 95% CI: 0.96–1.60,  
p-trend 0.04) [43].
A prospective study based on dietary data conducted in 
Norway also found coffee consumption to have an adverse 
effect on bone strength [48]. The study examined the role 
of various factors influencing calcium balance, including 
coffee consumption, in the incidence of hip fracture. Both 
female (N = 19 752) and male (N = 20 035) participants 
completed a semi-quantitative dietary questionnaire. 
The cohort was followed for a mean period of 11.4 years 
and assessed for hip fracture, defined as neck or trochan-
teric fracture. It was observed that women who drank 
≥9 cups of coffee daily had an increased risk of fracture 
(RR = 1.85, 95% CI: 1.07–3.17); however, no significant 
association between coffee intake and hip fracture was 
noted in men. The multivariate analysis included age at 
screening, BMI, body height, self-reported physical ac-
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coffee weekly in the total study population (HR = 1.32, 
95% CI: 1.07–1.63), and among men (HR = 1.46, 95% CI: 
1.01–2.10) and women (HR = 1.33, 95% CI: 1.02–1.72). 
A significantly increased risk of hip fracture was also ob-
served among female heavy coffee drinkers, stratified by 
menopausal status. No relationship was found with tea 
consumption in the study population. The covariates in-
cluded in the model were age, sex, BMI, total energy in-
take, dietary calcium intake, use of vitamins/minerals, 
smoking status, vegetable-fruit-soy dietary pattern score, 
dialect group, use of hormone replacement therapy among 
postmenopausal women, level of education, physical ac-
tivity, self-reported physician-diagnosed history of dia-
betes mellitus and stroke [37].
A cross-sectional epidemiological study in China found 
that consumption of caffeine-containing beverages may 
have a harmful impact on bone strength [45]. The study 
included 36 740 participants inhabiting 9 Chinese prov-
inces. Data was acquired on soft drink, tea, and coffee 
consumption, as well as fracture history and other po-
tential risk factors, via self-administered questionnaires 
and physical examinations. It was found that consumers 
drinking soft drinks ≥3 times/week had a higher risk 
of fracture (OR = 1.86, 95% CI: 1.43–2.32, p < 0.001, 
p for trend = 0.039) compared with a reference group 
who did not consume soft drinks. High tea consump-
tion (≥5 cups/day) was also associated with higher risk 
of fractures (OR = 1.21, 95% CI: 1.09–1.45, p = 0.028, 
p for trend <0.001). Similarly, study participants who con-
sumed ≥2 cups of coffee daily also had increased preva-
lence of fracture (OR 1.84, 95% CI: 1.01–3.34, p = 0.045, 
p for trend = 0.002) compared to non-drinkers. High coffee 
consumption was significantly associated with increased 
risk of fractures among both women and men. Interest-
ingly, a significant relationship was found between high 
consumption of soft drinks or tea and increased risk of 
fractures in premenopausal women, while no such associa-
tions were found among postmenopausal women; however, US

A [
46

]
65

82
 m

en
, a

ge
: 4

5–
68

 ye
ar

s
pr

os
pe

cti
ve

 co
ho

rt 
(3

1-
ye

ar
s f

oll
ow

-u
p)

hip
, s

pin
e a

nd
 fo

re
ar

m
 

fra
ctu

re
 re

po
rte

d 
via

 qu
es

tio
nn

air
e

co
ffe

e r
ep

or
te

d 
via

 qu
es

tio
nn

air
e

	–
no

 as
so

cia
tio

n b
et

we
en

 fr
eq

ue
nc

y o
f c

off
ee

 
co

ns
um

pt
ion

 an
d p

re
va

len
ce

 of
 hi

p, 
sp

ine
  

or
 fo

re
ar

m
 fr

ac
tu

re

So
ut

h K
or

ea
 [3

5]
17

61
 pr

em
en

op
au

sa
l w

om
en

 
ag

e: 
36

 ye
ar

s (
M

)
cro

ss-
se

cti
on

al
lum

ba
r s

pin
e a

nd
 fe

m
or

al 
ne

ck
 bo

ne
 m

ine
ra

l d
en

sit
y 

es
tim

at
ed

 by
 DX

A s
ca

n

co
ffe

e r
ep

or
te

d 
via

 qu
es

tio
nn

air
e

	–
no

 as
so

cia
tio

n b
et

we
en

 co
ffe

e c
on

su
m

pt
ion

  
fre

qu
en

cy
 an

d e
ith

er
 bo

ne
 m

ine
ra

l d
en

sit
y  

or
 ris

k o
f o

ste
op

or
os

is

Tu
rke

y [
38

]
20

00
 po

stm
en

op
au

sa
l w

om
en

, 
ag

e: 
58

 ye
ar

s (
M

)
cro

ss-
se

cti
on

al
lum

ba
r s

pin
e a

nd
 fe

m
or

al 
ne

ck
 bo

ne
 m

ine
ra

l d
en

sit
y 

es
tim

at
ed

 by
 DX

A s
ca

n

co
ffe

e r
ep

or
te

d 
via

 qu
es

tio
nn

air
e

	–
no

 eff
ec

ts 
of

 pr
em

en
op

au
sa

l c
off

ee
 co

ns
um

pt
ion

 
on

 po
stm

en
op

au
sa

l s
ta

ge
 bo

ne
 m

ine
ra

l d
en

sit
y  

wa
s f

ou
nd

Sw
ed

en
 [4

1]
61

 43
3 w

om
en

, 
ag

e: 
53

 ye
ar

s (
M

)
pr

os
pe

cti
ve

 co
ho

rt 
(2

1-
ye

ar
s f

oll
ow

-u
p)

lum
ba

r s
pin

e a
nd

 pr
ox

im
al 

fem
ur

 bo
ne

 m
ine

ra
l d

en
sit

y 
es

tim
at

ed
 by

 DX
A s

ca
n a

nd
 

hip
 fr

ac
tu

re
 w

er
e i

de
nt

ifi
ed

 
fro

m
 th

e S
we

dis
h N

at
ion

al 
Pa

tie
nt

 Re
gis

try

co
ffe

e r
ep

or
te

d 
via

 qu
es

tio
nn

air
e

	–
no

 ev
ide

nc
e o

f a
 hi

gh
er

 ra
te

 of
 hi

p f
ra

ctu
re

 w
ith

 
inc

re
as

ing
 co

ffe
e c

on
su

m
pt

ion
	–

a h
igh

 co
ffe

e i
nt

ak
e o

f ≥
4 c

up
s/d

ay
 w

as
 as

so
cia

te
d 

wi
th

 2–
4%

 lo
we

r b
on

e d
en

sit
y c

om
pa

re
d t

o l
ow

 
co

ffe
e c

on
su

m
pt

ion
, d

ep
en

din
g o

n t
he

 lo
ca

tio
n;

 
ho

we
ve

r, t
he

 od
ds

 ra
tio

 fo
r o

ste
op

or
os

is 
wa

s 
ins

ign
ifi

ca
nt

BM
D 

– 
bo

ne
 m

ine
ra

l d
en

sit
y; 

DX
A –

 du
al-

en
er

gy
 X-

ra
y a

bs
or

pt
iom

et
ry

; Q
US

 –
 qu

an
tit

at
ive

 ul
tra

so
un

d.



IJOMEH 2025;38(5)10

R E V I E W  P A P E R      A. BUKOWSKA-DAMSKA ET AL.�﻿

coffee consumption and bone mineral density in men and 
women, estimated at the proximal femur. The study also 
examined the role played by genotypes for cytochrome 
P450 1A2 (CYP1A2), associated with caffeine metabo-
lism. Dietary intakes were assessed among 359 men and 
358 women (age M = 72 years), based on a 7-day food 
diary. Bone mineral density for the total proximal femur, 
femoral neck and trochanteric regions were measured 
by DXA, and the CYP1A2 genotypes were determined. 
It was found that men consuming ≥4 cups of coffee/day 
had 4% lower bone mineral density at the proximal femur 
(p = 0.04) compared with low or non-drinkers of coffee. 
No such correlation was observed among women. Inter-
estingly, among the study participants with high coffee 
consumption, those with the C/C genotype, associated 
with rapid metabolism of caffeine, demonstrated lower 
bone mineral density at the femoral neck (p = 0.01) and at 
the trochanter region (p = 0.03) than those with T/T or C/T, 
related to slow caffeine metabolism. Therefore, it is pos-
sible that rapid caffeine metabolism may be a potential risk 
factor for bone loss stimulated by high caffeine consump-
tion [40]. In addition, men and women consuming ≥4 cups 
of coffee/day with high calcium intake (>1200 mg/day) 
did not demonstrate higher adjusted mean bone mineral 
density than those with high coffee consumption and low 
(<600 mg/day) or intermediate (600–1200 mg/day) cal-
cium intake. Tea consumption was not associated with 
multivariable-adjusted bone mineral density. All multivar-
iate analyses included age, height, weight, smoking status, 
physical activity, total caloric intake, intakes of vitamin D, 
vitamin A, calcium, alcohol and tea [40].

Caffeine intake and increased bone strength
Some studies suggest that caffeine consumption may pre-
vent osteoporosis. A cross-sectional study of 1817 post-
menopausal Chinese women found frequent coffee in-
take to protect against osteoporosis development [55]. 
The frequency of coffee intake was assessed by a self-re-

high coffee consumption was associated with a significantly 
increased prevalence of fracture among both premeno-
pausal and postmenopausal women. The analysis included 
age, sex, total energy intake, BMI, dietary calcium intake, 
alcohol consumption, outdoor activity, smoking status and 
geographic region as potential confounders [45].
In a case-control study of elderly 249 cases and 498 con-
trols matched by ethnicity, age, sex and residential area, 
Suzuki et al. also observed that drinking >3 cups of coffee 
daily is associated with an increased risk of hip fracture 
(OR = 3.59, 95% CI: 1.46–8.85, p < 0.01) [50].
A negative association was demonstrated between caf-
feine intake and bone mineral density in a cross-sec-
tional study of 80 Turkish postmenopausal women aged 
41–65 years [33]. Caffeine intake was estimated using 
a food frequency questionnaire. Women who consumed 
≥260 mg caffeine/day were classified as high consumers. 
Bone mineral density (g/cm2) was measured by dual-en-
ergy X-ray absorptiometry (DXA) at the lumbar spine and 
femoral neck. The ratio between the bone mineral den-
sity of the patient and that of a young adult population 
of the same sex and ethnicity was calculated as a T-score. 
According to WHO criteria, a T-score of >–1 was taken 
as normal, between –1 and –2.5 as osteopenic and <–2.5 as 
osteoporotic. It was found that among the women, high 
caffeine consumers obtained similar T-scores to low con-
sumer sat the lumbar spine (p = 0.849); however, the high 
caffeine consumers demonstrated significantly lower mean 
T-scores at the femoral neck compared to low consumers 
(–2.0±0.9 vs. –1.5±0.7, p = 0.033). Moreover, the linear re-
gression model identified a negative correlation between 
the daily caffeine consumption and the femoral neck T-
score in the studied population (R = –0.251, p = 0.025). 
No similar association was observed for lumbar spine T-
score. No multivariate analysis including potential con-
founding factors was performed [33].
Particularly interesting results were obtained in a study by 
Hallstrom et al. [40] regarding the relationship between 
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adjusting for confounding factors, the women who re-
ported high coffee consumption, had 36% lower odds for 
osteoporosis compared to those in the reference group 
(OR = 0.64, 95% CI: 0.43–0.95). This trend was consistent 
for osteoporosis of the lumbar spine (p for trend = 0.026) 
and the femoral neck (p for trend = 0.003). The multivar-
iate analysis included age, BMI, behavioral factors, socio-
economic status factors and hormonal status [36].
A Taiwanese study also suggests that coffee consumption 
may have beneficial effects on inhibiting osteoporosis de-
velopment [34]. Briefly, the participants completed a ques-
tionnaire on coffee consumption at baseline and after 
an 8-year follow-up. The group comprised 2682 people, 
i.e., 1195 men, 706 premenopausal women and 781 post-
menopausal women. Coffee intake was categorized into 
3 categories (none, medium and high consumption) 
based on the number of cups consumed per week in 
both time points, i.e., at start of the study and at follow-
up. It was observed that high coffee drinkers had signif-
icantly higher T-scores (β = 0.158, p = 0.0038), derived 
from the osteo-sono assessment index (OSI), i.e., a sur-
rogate of bone mineral density. After separating data by 
gender, it was determined that moderate and high coffee 
intake corresponded with increased T-scores; nonetheless, 
notable findings were mainly observed in men who con-
sumed coffee in large amounts (β = 0.237, p = 0.0067). Re-
garding menopausal status, coffee consumption was linked 
to elevated T-scores; significant findings emerged exclu-
sively among premenopausal women who reported me-
dium (β = 0.233, p = 0.036) and high levels of coffee in-
take (β = 0.234, p = 0.015). Adjustments were made for 
confounders such as age, education level, BMI, smoking, 
alcohol dinking, physical activity, vegetarian diet, waist-hip 
ratio, supplementation with vitamin D and other vitamins 
or calcium, waist circumference, body fat, diabetes, hyper-
tension, heart diseases, hyperlipidemia and stroke [34].
Coffee consumption was also reported to have a beneficial 
effect on bone strength in a prospective study on risk fac-

port questionnaire. Bone mineral density was measured 
using quantitative ultrasound. An univariate analysis dem-
onstrated a significantly lower T-score among women who 
reported infrequent coffee consumption compared to fre-
quent drinkers (p < 0.001). Similar results were obtained 
by multivariate linear regression analysis, with a signifi-
cant positive correlation identified between frequency of 
coffee consumption and T-score. Moreover multiple vari-
able logistic regression analysis found that high frequency 
of coffee intake was associated with lower prevalence of os-
teoporosis (OR = 0.54, 95% CI: 0.34–0.84). The multivar-
iate analysis included age, alcohol intake, education level, 
smoking, physical activity and medical history [55].
Likewise, a cross-sectional study of 992 Chinese men aged 
30–90 years revealed very similar results for the relation-
ship between frequency of coffee consumption and prev-
alence of osteoporosis [56]. Data on age, education level 
and lifestyle, including daily frequency of coffee consump-
tion and medical history, were collected using self-report 
questionnaire. Body weight and height were measured. 
Bone mineral density was estimated using quantitative ul-
trasound and a T-score was determined. Univariate linear 
regression analysis found more frequent coffee intake to 
be associated with a higher T-score (β = 0.211, p = 0.024). 
After adjustment for confounding factors, the results of 
multivariate linear regression analysis remain still signifi-
cant (β = 0.095, p = 0.032). The men reporting moderate or 
high coffee intake had a lower prevalence of osteoporosis 
development compared to those with low coffee intake 
(OR = 0.407, 95% CI: 0.174–0.951). The multiple regres-
sion model included age, alcohol intake, exercise, smoking 
and medical history as confounding factors [56].
Coffee consumption was found to protect against osteopo-
rosis development in a cross-sectional study of 4066 post-
menopausal women from the general South Korean pop-
ulation [36]. The participants completed a questionnaire 
about coffee consumption. Bone mineral density at fem-
oral neck and lumbar spine were assessed by DXA. After 
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in either sex, and population type did not appear to have 
any influence [54].

No association between caffeine intake  
and bone strength
A case-control study did not identify any association be-
tween consumption of caffeinated beverages and risk of 
hip fracture among 329 women >45 years of age: 161 with 
confirmed first hip fracture and 168 matched to cases by 
age group. The analysis included BMI, smoking, education 
and chronic diseases as covariates [49].
Another case-control study examined the relationship be-
tween frequency and lifelong duration of consumption 
of coffee, or caffeinated beverages, and the risk of frac-
ture among 279 women with hip fracture and 1061 con-
trols [51]. No increased risk of hip fractures was noted 
among study participants who reported regular coffee 
consumption compared with non-drinkers. The multi-
variate analysis also demonstrated a lack of any relation-
ship between frequency of caffeine consumption and risk 
of fractures, even among women who reported an in-
take of ≥5 cups of coffee daily; furthermore, long-term 
coffee consumption for >30 years had no impact on risk 
of fractures. Similarly, no relationship was found between 
the consumption of other beverages, such as decaffeinated 
coffee, tea or cola, and risk of fractures. In the multivar-
iate analysis the results were adjusted for age, BMI, alcohol 
drinking, education, calcium intake, menopausal status, 
smoking and estrogen replacement therapy use [51].
The impact of frequency of coffee consumption was also 
analyzed in a case-control study on risk factors for hip 
fractures [44]. Hip fracture incidence was determined 
among 730 men >50 years of age in 14 centers from Por-
tugal, Spain, France, Italy, Greece, and Turkey. Age-strati-
fied controls (N = 1132) were selected from the neighbor-
hood or population registers. Data on occupational work, 
lifestyle and medical history were collected by question-
naire, as well as anthropometric parameters. Consump-

tors for hip fracture. The Swedish study followed 7495 men 
aged 46–56 years for 30 years. Data on occupational class, 
psychological stress, lifestyle, medical history and anthro-
pometric parameters were collected by questionnaire. 
Cases of first hip fractures were verified by X-ray. Both 
the simple and multivariate analyses found coffee con-
sumption to be significantly associated with a decreased 
risk of hip fractures (HR = 0.640, 95% CI: 0.486–0.845) 
compared to non-drinkers [52].
A similar result was obtained in a prospective, popula-
tion-based study of 1681 women (age M = 72 years) fol-
lowed for 13 years in Finland. Several lifestyle factors in-
cluding coffee consumption were evaluated as potential 
causes of hip fracture. Women who reported consuming 
≥3 cups of coffee/day had significantly lower risk of hip 
fractures compared to those with a lower daily coffee in-
take (HR = 0.39, 95% CI: 0.19–0.79) [47].
A large-scale cross-sectional study of 7041 adults (3565 ma
les and 3476 females) aged 20–49 years by Wang et al. [54]  
obtained controversial results on the relationship between 
caffeine consumption and lumbar bone mineral density. 
Daily caffeine intake was determined based on 2 recall in-
terviews, and bone mineral density was evaluated using 
DXA method. The researchers did not observe any asso-
ciation between caffeine intake and lumbar bone min-
eral density in the total population; however, a signifi-
cant positive correlation was noted among participants 
aged 30–39 years and 40–49 years, but not in the youngest 
group (20–29 years). In addition, significant positive cor-
relations between mean caffeine intake and lumbar bone 
mineral density were noted in the women, but not among 
the men. Interestingly, stratification by age and sex re-
vealed a significant positive correlation between high caf-
feine intake dose (the highest quartile) and lumbar bone 
mineral density in women aged 30–39 years (β = 0.080, 
p for trend = 0.049), and an inverse association in men 
aged 40–49 (β = –0.070; p for trend = 0.026). No signifi-
cant associations were found for the remaining age groups 
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No association between coffee consumption frequency 
and either bone mineral density (lumbar spine and fem-
oral neck), estimated by DXA, or risk of osteoporosis was 
found in a Korean cross-sectional study of 1761 premeno-
pausal women. The multivariate logistic regression ana-
lysis included age, smoking status, BMI, physical activity, 
dietary intake of calcium, alcohol consumption, education 
level and monthly income as confounding factors [35].
A cross-sectional study by Demirbag et al. [38] exam-
ined the effects of premenopausal coffee consumption on 
postmenopausal bone mineral density. The study included 
2000 postmenopausal women. Data regarding mean daily 
coffee consumption (cups per day) in the premenopausal 
stage, as well as various other data, were collected by ques-
tionnaire. Bone mineral density was assessed by DXA. 
No correlation was found between the amount of coffee 
consumption and bone density [38].
A longitudinal study of 61 433 women in Sweden also 
found that high coffee consumption was associated with 
a moderate reduction in bone density, but that did not 
translate into an increased risk of fractures [41]. The popu-
lation-based cohort was followed-up for 21 years. The fre-
quency of coffee consumption was assessed with re-
peated food frequency questionnaires. In a subcohort of 
5022 women, bone density was measured by DXA. Mul-
tivariate analysis did not reveal any indication that rising 
coffee intake is linked to an increased occurrence of frac-
tures. A high coffee intake of ≥4 cups/day was associated 
with 2–4% lower bone density compared to low coffee con-
sumption, depending on the location. However, the odds 
ratio for osteoporosis was insignificant [41].
In conclusion, the findings from all above epidemiological 
studies assessing the relationship between coffee consump-
tion and fracture risk or bone mineral density, appear in-
consistent. This difference may be due to the lack of some 
significant confounding factors in the statistical analysis, 
such as sex, menopausal status, lifestyle, sex hormone 
levels, diseases, the use of current medication, as well as 

tion of coffee during childhood, young adulthood and in 
the recent past was recorded on a 4-point scale: never, 
sometimes, 1 or 2 cups/day, and ≥3 cups/day. The risk of 
hip fractures was found to be independent of coffee fre-
quency consumption based on multivariate analysis [44].
Similar results were observed in a longitudinal prospec-
tive cohort study on the effect of socioeconomic and life-
style factors on the risk of hip fractures [53]. The data 
was obtained by postal questionnaire from 16 578 people 
aged 25–74 years at baseline. After a 13-year follow-up, 
it was observed that a high frequency of coffee consump-
tion (≥3 cups/day) at baseline did not influence the risk of 
hip fracture during follow-up compared to the reference 
group (non-drinkers). The multivariate analysis included 
age, sex, paternal occupation, adult occupation, education 
and income as confounders [53].
Similarly, a large cohort study by Hallström et al. [42] of 
42 978 Swedish men, aged 45–79 years old at baseline, 
did not observe any significant association between fre-
quency of coffee consumption and risk of fractures. Data 
on coffee consumption were collected by a self-admin-
istrated food frequency questionnaire. Data was also re-
corded on medical history and lifestyle factors. Information 
regarding the initial fracture at any site, as well as the first 
hip fracture, was gathered from the Swedish National Pa-
tient Registry. Comparing high consumers, i.e., ≥4 cups 
of coffee/day, to low consumers, i.e., <1 cup/day, the hazard 
ratio was 0.91 for any type of fracture (95% CI: 0.80–1.02) 
and 0.89 for hip fracture (95% CI: 0.70–1.14) after a 12‑year 
follow-up. In addition, both crude and adjusted analyses 
found that even consuming ≥8 cups of coffee/day was not 
associated with a greater risk of fractures in comparison 
with men drinking <1 cup/day [42].
Also, no association between frequency of coffee con-
sumption and prevalence of hip, spine or forearm frac-
ture was found in an analysis of 2 prospective studies on 
risk factors for osteoporosis among 6582 men inhabiting 
Hawaii [46].
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2057 women aged 20–80 years. The multivariate analysis 
demonstrated that night shift work was related to an in-
creased prevalence of osteoporosis of the overall popula-
tion (OR = 2.31, 95% CI: 1.03–5.18, p = 0.043) and among 
women (OR = 4.52, 95% CI: 1.07–19.16, p = 0.041) espe-
cially among those aged ≥50 years (OR = 4.60, 95% CI: 
1.21–17.54, p = 0.025). The multivariate analysis included 
inter alia age, sex, BMI, blood pressure, ethnicity, nutrient 
intake, and milk and alcohol consumption [22].
The first study examining the effect of system of work 
on bone mineral density was conducted on 70 Chilean 
nurses aged 50 years old [23]. The research team focused 
on 39 women who have been employed in rotating night 
shifts for a min. 10 years and 31 other participants who 
have solely worked daytime hours for ≥10 years. The night 
shift workers exhibited a notably lower bone mineral 
density in the lumbar spine when compared to women 
in the reference group (L1–L4: M±SD 0.957±0.15 g/cm2 
vs. 1.104±0.13 g/cm2, respectively, p < 0.05), and a lower 
mineral density in both femoral neck bones (right: M±SD 
0.936±0.17 g/cm2 vs. 1.06±0.12 g/cm2, p < 0.05, and left: 
M±SD 0.956±0.19 g/cm2 vs. 1.05±0.12 g/cm2, respectively, 
p < 0.05). Moreover, one quarter of women working on 
night shifts diagnosed osteoporosis within the lumbar. 
No similar observation was recorded in daily-active 
women [23].
The negative effect work during nighttime and bone den-
sity was also demonstrated in the South Korean cross-
sectional study of 1563 men and 1442 women between 
18 and 50 years of age [20]. The study participants were 
stratified by system of work for day workers (N = 2378) 
and people working in other than daily systems of work 
(N = 627), i.e., evening hours, night, and regular and ir-
regular shift work system. The subjects working in sys-
tems other than daily demonstrated significantly lower 
mineral density in the total femoral and lumbar spine 
bones compared to day workers (total femur bone: 
M±SD 0.948±0.125 g/cm2 vs. 0.966±0.125 g/cm2 respecti

the type of coffee, the amount consumed and the method 
of coffee preparation (e.g., with milk). Moreover, it should 
be noted that bone turnover is a slow process, and there-
fore, in addition to investigating the effect of coffee con-
sumption on bone density, researchers should also ex-
amine the relationship between coffee intake level and 
bone turnover marker levels, i.e., bone synthesis such as 
N-terminal propeptide of type I procollagen (P1NP), and 
bone destruction such as C-terminal cross-linked telo-
peptide of type I collagen (CTX). No such relationship has 
been investigated to date. In addition, no epidemiolog-
ical study has examined the effect of coffee or caffeinated 
product consumption on the risk of fractures or bone min-
eral density among people working on night shifts.

Osteoporosis among night shift workers –
epidemiological data
Seven epidemiological surveys describing the relationship 
between work at night and bone strength and metabolism 
were identified [18–24,57]. Summary statement of these 
studies is presented in the Table 2.
Two studies were associated with bone fracture risk among 
night shift workers [19,22]. According to data gathered 
from a cohort study including 38 062 postmenopausal 
nurses over an 8-year follow-up, it was found that the mul-
tivariate relative risk of hip and wrist fractures in women 
who had worked night shifts for a min. 20 years was con-
siderably greater than in those nurses who had never 
worked night shifts (RR = 1.37, 95% CI: 1.04–1.80). 
The multivariate analysis included age, physical activity, 
smoking status, BMI, thiazide diuretic use, hormone re-
placement therapy use and daily intake of calcium, vi-
tamin D and alcohol [19].
The second epidemiological analysis on the associa-
tion between night shift work and risk of bone fractures 
was based on data collected during the National Health 
and Nutrition Examination Survey (NHANES) cross-
sectional study. The analysis comprised 2351 men and 
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calcin, osteopontin, fibroblast growth factor 23 (FGF-23) and 
osteoprotegerin. A significantly higher level of bone turnover 
markers were observed in women working on night shifts 
than among day active employees. This may potentially lead 
to a future development of osteoporosis even if the bone mi-
croarchitecture is not disturbed yet [18].
Similar results obtained in study conducted in Italy in-
cluding 82 male subjects: 40 working on night shifts and 
42 working only during the day. Serum levels of both CTX 
and P1NP were found to be higher in night shift workers 
than in those working only during the day. This data in-
dicate for higher rate of bone turnover in night shifts 
workers and probably may increase risk of development 
of osteoporosis [21].
In conclusion, 6 of the 7 epidemiological studies indicated 
a negative effect of night shifts on bone strength. In only 
1 study [24] revealed higher bone mineral density among 
night shift workers than in the reference group. However, 
it should be noted that the study participants working at 
night were significantly younger than people included in 
reference group and that can partially explain observations 
different from those described in the other studies. Addi-
tionally high consumption of caffeine may further accel-
erate bone turnover among employees leading to prema-
ture osteoporosis development.

CONCLUSIONS
The results of 24 epidemiological studies assessing the im-
pact of coffee consumption on fracture risk or bone min-
eral density are inconsistent but some studies highlight 
that high caffeine intake increases bone loss [33,​37,​39,​40,​
43,​45,​48,50]. This difference may be due to the estimation 
of caffeine source and intake assessment. In only 1 study 
as many as 35 different foods and beverages containing 
caffeine were included in the analysis as a source of caf-
feine intake [33]. In other studies the source of caffeine was 
only coffee [34–36,​38,​41–44,46–48,50,52–56] or coffee and 
tea [37,​39,​40,​43,45,49,51]. Moreover frequency of caffeine 

vely, p = 0.001; lumbar spine: M±SD 0.976 ± 0.114 g/cm2 
vs. 0.988 ± 0.121 g/cm2, respectively, p = 0.023); however, 
no differences in femoral neck bone mineral density were 
found between the groups [20].
However, the NHANES provided results that were in-
consistent with these findings [24]. The study involved 
470 males and 493 females aged >50 years, who were di-
vided into 2 categories based on their working hours: day 
shift employees (369 males and 369 females) and night shift 
employees (101 males and 124 females). The analysis for 
men and women was conducted separately. The univar-
iate analysis indicated that male shift workers had notably 
greater total femur and femoral neck mineral content com-
pared to men in the reference group (total femur: M±SD 
37.33±11.00 g vs. 34.09±10.45 g, respectively, p = 0.01 
and femoral neck: M±SD 4.57±1.07 g vs. 4.29±1.0 g, re-
spectively, p = 0.03). It is also important to highlight that 
the men engaged in shift work were considerably younger 
than men in the daytime group (age: M±SD 62.7±9.1 years 
vs. 65.9±9.7 years, respectively, p < 0.01). No similar obser-
vations were described in women [24].
The first epidemiological data in presented topic among Euro-
peans were obtained in a cross-sectional study of female blue-
collar workers >40 years of age employed in industrial plants 
in Poland [57]. The study was carried out among 194 women 
(90 employees working on night shifts and 104 employees 
working only during the day). The operating system of work 
consisted of 3 work shifts: morning, afternoon and night 
shifts, with 5 consecutive shifts per week followed by a free 
weekend. When adjusted for important confounding factors, 
i.e., BMI, ever-used hormone replacement therapy and cig-
arette smoking, the analysis did not find that current or life-
time experience of night shift work had any significant im-
pact on either femur or lumbar bone mineral density among 
women stratified by menopausal status [57]. However, bone 
undergoes constant remodelling via bone resorption followed 
by bone formation. In the same study population, selected 
bone turnover markers were measured: P1NP, CTX, osteo-
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study included 80 postmenopausal women [33] while 
the largest study included 63 257 men and women [37]. 
Finally, study population is very diverse and included both 
men and women [34,37,40,45,48,50,53,54], only men [42,​
44,​46,​52,56] only women [39,41,47,49,51] only postmeno-
pausal women [33,36,38,43,55] or only premenopausal 
women [35].
To sum up, differences in study design, sample size, pop-
ulation, confounding factors included in the analysis, 
studied outcome and its assessment as well as data on caf-
feine source and assessment of intake are the reason of di-
vergent of obtained results.
Osteoporosis is a serious global public health problem. 
The condition can result in low-energy fractures, which 
are a primary cause of disability among the elderly and 
a common cause of death. It is estimated that up to 20% of 
people who experience an osteoporotic fracture die within 
the first year due to complications associated with bone 
fracture [1,2]. Although the current state of knowledge on 
osteoporosis is extensive, little still is known about the oc-
cupational and lifestyle factors potentially affecting bone 
processes.
Rotating night shift work may be associated with growing 
number of incidence of osteoporosis [18–23]. The ob-
served relationships have also been attributed to hor-
monal changes resulting from sleep deprivation and dis-
turbances in expression of circadian rhythm genes asso-
ciated with nighttime work [19]. Among night workers, 
bone loss may be exacerbated by frequent consumption of 
caffeinated products, especially during night shifts when 
the secretion of melatonin is decreased by exposure to ar-
tificial light. The results of both epidemiological and ex-
perimental studies indicate that caffeine seems to have 
more of a negative effect on bone tissue.
It has been estimated that about 90% of adults consume 
caffeine every day [58]. Moreover, epidemiological studies 
indicate more frequent or higher coffee consumption 
among employees working on nighttime shift in contrast 

intake was assessed in all of the 24 studies via question-
naire. Data on coffee consumption such as type of coffee, 
consumed volume and the method of coffee preparation 
(e.g., with milk) were not included in the analysis. Thus 
these are estimated and averaged values of caffeine intake. 
In addition, no epidemiological study has assessed the re-
lationship between caffeine concentration in blood or caf-
feine metabolites in urine and bone turnover markers levels 
inter alia P1NP or CTX in blood which may reflect real 
dose-dependent impact of caffeine on bone turnover pro-
cess. Finally, none of the described studies included infor-
mation on the duration of regular coffee intake (exposure 
expressed in years) or the age at which individuals began 
consuming caffeine. Both factors can significantly influence 
long-term effects of caffeine on bone structure. More im-
portantly, these effects may be especially pronounced when 
caffeine consumption begins during critical periods of bone 
development such as adolescence or young adulthood.
The review on the association between caffeine consump-
tion and bone strength considered only epidemiological 
surveys, mostly prospective cohort [34,37,​39–43,​46–48,​52,​
53] 8 studies were cross-sectional [33,35,36,38,45,54–56] 
and only 4 were case-control studies [44,49–51].
Bone fracture were mostly confirmed by medical reports 
or by hospitals [37,39,42,44,47–50,52,53] and in only 
4 studies fractures were reported via questionnaire [43,45,​
46,51]. Bone mineral density was measured mostly at hip 
and/or lumbar spine [33,35,36,38,40,41,54] using DXA 
method used commonly in diagnostic properties. How-
ever, in 3 studies calcaneus bone mineral density was es-
timated by quantitative ultrasound [34,55,56].
Another difference in obtained results of studies as-
sessing impact of caffeine intake on bone strength may 
be due to the lack of some significant confounding fac-
tors in the statistical analysis, such as sex, menopausal 
status, lifestyle factors, sex hormone levels, diseases or 
the use of current medication. Moreover difference be-
tween sample size are also very important. The smallest 
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to day-active workers [59]. About 20% of people in Europe 
and the USA work on night shifts [60]. Thus, a large part of 
the current occupationally active people may suffer due to 
premature osteoporosis development. The effect of caffeine 
consumption on bone mass loss among night workers has 
not been analyzed so far in detail; as such, further studies 
are warranted. There is a great need to investigate the com-
bined role of lifestyle and occupational factors in the bone 
remodeling process to prevent osteoporosis: a 21st century 
civilization disease.
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