
one density of an elderly at any age is determined by the sum of peak
bone density achieved at the end of adolescence and that lost till that
age. Thus, low bone mineral density (BMD) as an older adult may
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Modifiable Unhealthy Behaviours
Influencing Peak Bone Density of

Turkish Young Women:
Coffee and Smoking Affects Peak Bone Mass

AABBSSTTRRAACCTT OObbjjeeccttiivvee:: To determine the relationship between bone mineral density (BMD),
periodontal diseases and modifiable unhealthy behaviors in healthy premenopausal young women.
MMaatteerriiaall  aanndd  MMeetthhooddss:: A total of 50 healthy women from the hospital staff were included into
study. A detailed questionnaire reporting the participants’ daily tea, coffee, milk/ayran, and alcohol
intakes, smoking status, sunlight exposure in a year, weekly physical activity were reviewed. Their
periodontal status’ were identified by the same periodontologist. Bone masses were assessed by the
measurement of BMD. RReessuullttss:: Total of 23 participants were smokers. There was negative
correlation between BMD of lumbar and femur Ward’s with the number of cigarette smoked (p=
0.035 and p= 0.012, respectively). A total of nine participants were heavy coffee consumers. They
have significantly lower BMD at lumbar vertebrae and femur trochanter (p= 0.008, p= 0.050,
respectively). There were nine participants with osteopenia in all three sites. Heavy coffee
consumers were significantly more in this subgroup (p= 0.024) and body mass indexes (BMI) of
these participants were significantly lower (p= 0.044). CCoonncclluussiioonn::  Heavy caffeine consumption
and smoking were found to be two important habitual factors negatively influencing the final bone
mass that a young women can achieve. 

KKeeyy  WWoorrddss:: Bone diseases, metabolic; caffeine; smoking 

ÖÖZZEETT AAmmaaçç::  Sağlıklı premenopozal genç kadınlarda değiştirilebilir davranış biçimleri ile kemik
mineral dansitesi (KMD) ve periodontal hastalıklar arasındaki ilişkiyi belirlemek. GGeerreeçç  vvee  YYöönn--
tteemmlleerr::  Toplam 50 sağlıklı kadın hastane personeli çalışmaya dâhil edildi. Katılımcılardan gün-
lük tükettikleri çay, kahve, alkol, süt/ayran, sigara miktarlarını ve güneşe maruziyet sürelerini,
fizik aktivite durumlarını belirten anket formu doldurmaları istendi. Periodontolojist tarafın-
dan periodontal hastalıklar yönünden sorgulanıp muayeneleri yapıldı. KMD ölçümleri yapıldı.
BBuullgguullaarr::  Katılımcıların 23’ü sigara içicisi idi. Günlük tüketilen sigara sayısı ile lumbar ve femur
Ward’s KMD ölçümü arasında negatif korelasyon tespit edildi (sırası ile  p= 0.035 ve p= 0.012).
Yoğun kahve tüketenlerin sayısı 9 idi. Yoğun kahve tüketicilerinin lumbar vertebra ve femur
trokanter KMD değerleri belirgin olarak düşük bulundu (sırası ile p= 0.008, p= 0.050). Her 3
bölgede de osteopeni tespit edilen katılımcı sayısı 9 idi ve yoğun kahve içicileri bu grupta fazla idi
(p= 0.024). Bu 9 katılımcının aynı zamanda beden kitle indeksi de düşük olarak bulundu (p= 0.044).
SSoonnuuçç::  Yoğun kahve tüketimi ve sigara içimi genç kadınlarda KMD ölçümünü olumsuz etkileyen
değiştirilebilir önemli sağlıksız davranışlardır. 

AAnnaahhttaarr  KKeelliimmeelleerr:: Kemik hastalıkları, metabolik; kafein; sigara içme
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partially reflect the failure to achieve peak BMD,
most of which is obtained before the age of 30.  The
exact age at which values for bone mass reach their
peak has received considerable attention. It is likely
that the timing of peak values differs between the
axial and appendicular skeletons. Peak bone mass
in the axial skeleton in women is achieved near the
end of their second decade of life.1 The studies
using computed tomography have demonstrated
that the density and the size of vertebral bone
reach their peak soon after the sexual and skeletal
maturity2. In the appendicular skeleton, the range
of ages for the timing of peak bone mass has varied
significantly, from 17 to 18 years of age to as late as
35 years of age.3-7

Hereditory factors influence both the timing
and the quantitiy of peak bone mass. That is, three
fourths of the variance in peak bone mass is attrib-
utable to hereditary factors.8,9 The remaining frac-
tion of the variance in peak bone mass is assumed
to be caused by modifiable lifestyle determinants
especially exercise, calcium intake, coffee and tea
consumption, alcohol use, sunlight exposure, and
smoking. The role of these modifiable risk factors
for the achievement of peak bone mass is not fully
studied as those for their influence on bone in eld-
erly.9-18 Determining the factors that influence the
BMD of young women could help to identify mod-
ifiable unhealthy behavior patterns which influ-
ences future fracture risk.

It is known that dietary factors optimize bone
health from childhood through late adulthood. The
influence of calcium intake on achievement of peak
bone mass during adolescence has been examined
in retrospective studies.13,14 Studies demonstrate
that augmented calcium intakes increase bone ac-
quisition during growth, slow the age-related bone
loss and reduce fractures in the elderly.7 The influ-
ence of habitual coffee consumption on bone me-
tabolism are still controversial, although several
studies have suggested that heavy coffee consump-
tion is associated with a significant increase in risk
of fracture, osteoporosis and periodontal disease.19-

23 Tobacco is invariably associated with reduced
BMD in most studies.24-27 Little is known about the
effects of alcohol in adolescents. Excess alcohol in-

take seems to have a adverse effect on the preser-
vation of bone mass, mainly by suppressing bone
formation.28 

Osteopenia increases susceptibility to infec-
tious destruction of periodontal tissue. It is an im-
portant risk factor for chronic periodontitis.
Although the etiopathogenesis as not well known,
loss of matrix and mineral of the alveolar bone may
lead to unhealthy environment for the periodontal
soft tissue attachment. Women with osteopenia are
at increased risk for periodontal attachment loss
and tooth loss.29,30

In the present study we aimed to determine
the relationship between BMD and habitual coffee,
tea and cigarette consumption and periodontal sta-
tus in healthy women in their early thirty’s.     

MATERIAL AND METHODS
The 50 participants in our study were recruited
from a random sample (n= 240) of female hospital
staff, age 19-35 years, at Başkent University Hospi-
tal. Of the 240 recruited, 204 responded to a short
questionnaire to determine eligibility for the study.
To be eligible, women had to be nulligravid, be-
tween 80-150% of their ideal body weight, and
have reached menarche before age 19 years. They
also had to be free of the following: Amenorrhea
(experiencing no menstrual periods during the pre-
vious 12 months); a history of chronic medical con-
ditions that could affect BMD including type 1 or
type 2 diabetes mellitus, thyroid or kidney prob-
lems, and rheumatoid arthritis; a history of condi-
tions that could alter nutrient absorption, including
eating disorders and disorders of digestive tract; a
history of using drugs that could affect BMD, in-
cluding medications of seizure, use of glucocorti-
coids; and significant limitations in their physical
activity during the previous six months because of
injury or illness. Of those contacted 106 (51%)
were eligible for the study. Among this group 58
(55%) agreed to participate. Three women who
participated in the study were dropped because of
the insufficient/confusing data about the physical
exercise status and information documented in the
food consumption diaries and five participants
were dropped from the study due to refusal to con-
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duct BMD. There were no significant differences
between eligible persons participating and eligible
persons not participating in the study with regard
to age, body mass index or age at menarche. In-
formed consent was obtained from all participants
in the study in accordance with Helsinki Declera-
tion. This study was approved by the local ethical
committee.

To characterize milk/ayran, alcohol, coffee,
and tea consumption, all the participitants were
asked to report how frequently (times per day,
week, month or year) they consumed these items
including their serving sizes. Participants were also
asked to fill diaries for 14 days documenting their
daily food intake, number of cigarettes smoked per
day. They also noted their average sunlight expo-
sure in a year (hours per day, week and year), phys-
ical activitiy performed per week. Radiographic
and clinical parameters of periodontal status in-
cluding loss of alveolar crestal height, clinical at-
tachment level, probing attachment level, probing
depth, and percentage of sites with bleeding on
probing, and measurement of plaque and gingival
index, were evaluated after controlling for known
confounders by the same periodontologist.

DIETARY INTAKE AND LIFESTYLE FACTORS

Subjects were asked to complete a 14- day food
diary and nutrient supplement record. Their mean
daily consumption of coffee, tea, milk/ayran, and
alcohol were estimated using their diaries consist-
ing of food frequency questionnaire. Alcohol, tea,
milk/ayran, and coffee consumption were assessed
by questionnaires determining frequency, amount
and source of each. Coffee drinkers were catego-
rized as drinking 2 or less cups (≤ 400 mg cof-
fee/day; ∼ ≤ 300 mg caffeine /day; low caffeine
consumers ), and >2 cups/day (>400 mg coffee /day;
∼ >300 mg caffeine /day; heavy caffeine con-
sumers). Each cup (about 172 g or 6 oz) of brewed
coffee contains about 103 mg caffeine. Tea drinkers
were categorized as drinking 1-4 tea-glasses (≤80
mg; low tea consumers), and >4 tea-glasses/day
(>80 mg; heavy tea consumers). Milk and ayran
(yogurt diluted with water) intake were also cate-
gorized as drinking one or more cups/day. Those

drinking one or more cups of milk or ayran were
recorded as milk or ayran consumers. Current
smokers were classified as smokers, and those who
had never smoked and past smokers (who didn’t
smoke during the last five years) were classified as
nonsmokers. For smokers, number of years and
packages smoked per day was recorded to calculate
packs-year for smoking. Those with history of
more than 5 pack-years smoking were classified as
heavy smokers. Physical activity levels from both
lifelong and current perspective were obtained by
questionnaire. Past physical activity was named as
highly active (≥ 5 hours of exercise per week dur-
ing the last year), moderately active (3-5 hours of
exercise per week during the last year) and mildly
active (<3 hours of exercise per week during the
last year). Those mildly active or stopped exercising
in the last 3 months were reported as sedantery.
The other participants were reported as physically
active. Alcohol use was stratified as drinkers (more
than 3 oz per week) and nondrinkers. 

BONE MASS AND ANTHROPOMETRIC MEASUREMENTS

Weight was measured with a calibrated electronic
scale and height was measured with a wall-
mounted stadiometer by the same trained observer
in the same scale and stadiometer with subjects
wearing light clothing and no shoes and body mass
index (BMI; in kg/ m²) was calculated. 

BMD (in g/cm2) was measured by dual-energy
X-ray absorptiometry (model Hologic QDR-4500A
dual-energy X-ray absorptiometer) (DEXA). BMD
values were used throughout this study. T-score
and aBMD (g/cm²) of anteroposterior (L1-4), femur
neck, trochanter, and Ward’s triangle were as-
sessed. The origin of the T score was determined.
Results were compared  with the locally deter-
mined BMD values of healthy Turkish population
(n= 323; 171 women, 152 men) and expressed as T-
score.29

STATISTICAL ANALYSIS

All continuous data were expressed as mean ± SD.
Data analysis was conducted using the Statistical
Package for the Social Sciences (SPSS for Windows
version 11.0; SPSS Inc., Chicago, IL, USA). P values
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< 0.05 were considered statistically significant.
Continuous, normally distributed variables were
compared between subgroups of participants with
the Student t test. Mann-Whitney U test and chi-
square test were performed accordingly. 

RESULTS
A total of 50 healthy females (mean age 27.1±3.3
years, 23-38 years of age) were analysed for the
study. Clinical characteristics of the participants in-
cluding their BMI, daily milk/ayran, alcohol, tea,
coffee consumption and cigarette smoking, physi-
cal activity levels, and BMD and T-scores of lumbar
vertebrae and femur are given in Table 1. 

Analysis of the medical history questionaire
revealed that 18 participants had history of eu-
thyroid goiter and 14 women who received sup-
plemental vitamins and calcium preparations
irregularly (equal to or less than two tablets in a
week), three women had history of fractures (one
had fracture in distal fibula, two had fracture of
metatarse after trauma) and four participants had
chronic periodontitis. These participants with
chronic periodontitis revealed normal bone min-
eral densities in all the examined anatomic sites. 

A total of 23 participants were smokers. There
were no differences in bone mineral densities in
those with smokers and nonsmokers. Correlation
analysis revealed negative correlation between
BMD of lumbar and femur Ward’s with the num-
ber of cigarette smoked (pearson= -0.298, p= 0.035
for lumbar vertebrae; pearson= -0.351, p= 0.012 for
femur Ward’s). Subgroup analysis for the heavy
smokers (n=14), who smoked more than 5 pack-
years, revealed lower lumbar BMDs then those
smoked less and lower than those never smoked
(BMD=0.73± 0.1 vs 0.78 ± 0.1, p=0.042, respec-
tively). 

A total of 9 participants were heavy coffee
consumers (∼>300 mg/caffeine/day). Correlation
analysis revealed negative correlation between
BMD of lumbar vertebrae and femur trochanter
with the daily coffee consumption (pearson=-
0.373, p= 0.008 for lumbar vertebrae; pearson= -
0.278, p= 0.050 for femur trochanter). Heavy coffee
consumers revealed lower BMD at lumbar verte-

brae and femur trochanter than the low coffee con-
sumers (p= 0.008, p= 0.050, respectively). Many of
the heavy coffee consumers were also drinking
milk (44% vs 12%, p=0.024) (Table 2).
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n 50

Mean age (year) 27.68±3.31

Body mass index (kg/m2) 21.74±3.51

Milk consumers (n) 9

Ayran consumers (n) 6

Heavy coffee consumers (n) 9

Heavy tea consumers  (n) 28

Alcohol consumers (n) 6

Smokers (n) 23

Highly active (n) 2

Moderately active (n) 8

Sedantery life (n) 40

Mean Cigarette per day for smokers (n) 9.29±5.3

BMD (g/ cm²)- Lumbar vertebrae 0.76±0.02

BMD (g/cm²)- Femur Trochanter 0.66±0.05

BMD (g/cm²)- Femur Ward’s 0.69±0.11

T-score Lumbar vertebrae -0.63±0.92

T-score Femur Trochanter -0.47±0.81

T-score Femur Ward’s -0.34±1.03

TABLE 1: Clinical characteristics of the participants.

Low coffee Heavy coffee

consumers consumers P

n 41 9

Mean age (years) 27.3±2.9 29.4±4.2 -

Body Mass Index (kg/m2) 21.4±3.0 23.1±5.2 -

Daily milk consumers (n) 5 4 0.024

Daily ayran consumers (n) 5 1 -

Active women  (n)
8 2 -(moderate-high physical activity)

Daily tea consumers (n) 22 6 -

Smokers (n) 18 5 -

Alcohol consumers (n) 4 2 -

BMD (g/ cm²) Lumbar vertebrae 0.8 ± 0.1 0.7 ± 0.1 0.008

BMD (g/cm²) Femur Trochanter 0.7 ± 0.1 0.6 ± 0.6 0.050

BMD (g/cm²) Femur Ward’s 0.7 ± 0.1 0.6 ± 0.1 -

T-score Lumbar vertebrae -0.5 ± 0.8 -1.2 ± 1.0 0.021

T-score Femur Trochanter -0.4 ± 0.8 -0.9 ± 0.6 0.039

T-score Femur Ward’s -0.2 ± 1.0 -1.0 ± 0.7 0.022

TABLE 2: Comparison of risk factors with respect to
daily caffeine consumption.



Participants with osteopenia in all three sites
(n=9, 18%) were re-evaluated with respect to the
risk factors (Table 3).  Heavy coffee consumers
were significantly more in this osteopenic group
(44 % vs 12%, p=0.024). BMI of these osteopenic
participants were significantly lower (19.6 ±1.3 vs
22.2 ±3.7; p=0.044). 

There were more heavy coffee consumers in
the subgroup with femur osteopenia than the sub-
group of participants with normal femur BMD
(42% vs 10%  respectively,  p=0.015). On the other
hand, subgroup of participants with lumbar os-
teopenia (n=16) revealed similar characteristics of
modifiable risk factors with those with normal
lumbar BMD. 

Data reported from the life style questionnaire
revealed that daily calcium intake (milk, yogurt
and ayran consumption), physical activity (mod-
erate and high) and alcohol consumption were
similar in those smoking and nonsmoking partici-
pants and also in heavy coffee consumers and non-
coffee consumers. There were only 6 alcohol
drinkers in our study and thus we could not drive
any conclusions regarding the influence of alcohol
on BMD.

DISCUSSION
Although genetics is the most important contribu-
tor (up to 80%) to achieve peak bone mass early in
the third decade, a substantial proportion of the
variance in peak bone mass found in the general
population can not be explained by the known ge-
netic factors. That is both genetic and lifestyle fac-
tors are considered important for the achievement
of peak bone mass and thus the risk of osteoporo-
sis.7-9,11,12,31,32

In the present study about half of our partici-
pants were smokers and more than half of the
smokers were heavy smokers (about 30% of the
participants). Not suprisingly, number of cigarettes
smoked per day and thus total number of cigarettes
smoked in life was found to be negatively corre-
lated with BMD in our study. BMD of lumbar ver-
tebrae was significantly lower in heavy smokers.
Unlike the contradictory results about the effects
of caffeine on bone, cigarette smoking is almost
always cited as a risk factor for osteoporosis and
associated fractures.23-27 Although the exact mech-
anism by which smoking exerts its negative effect
on bone is not yet fully known, it decreases circu-
lating levels of estrogen by increasing its degreda-
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Those with normal BMD Those with lumbar and 

in femur and/or lumbar vertebrae femur osteopenia P

n 41 9

Mean age (year) 27.8 ± 3.4 27.0 ± 2.9 -

Body Mass Index (kg/m2) 22.2 ± 3.7 19.6 ± 1.3 0.044

Daily milk consumers (n) 7 2 -

Daily ayran consumers (n) 5 1 -

Active women (n) (moderate-high physical activity) 9 1 -

Daily tea consumers (n) 22 6 -

Coffee consumers (n) 5 4 0.024

Smokers (n) 17 6 -

Alcohol consumers (n) 4 2 -

BMD (g/ cm²) Lumbar vertebrae 0.8 ± 0.1 0.7 ± 0.0 0.000

BMD (g/cm²) Femur Trochanter 0.7 ± 0.1 0.6 ± 0.0 0.000

BMD (g/cm²) Femur Ward’s 0.7 ± 0.1 0.6 ± 0.1 0.000

T-score Lumbar vertebrae -0.4 ± 0.8 -1.8 ± 0.4 0.000

T-score Femur Trochanter -0.3 ± 0.7 -1.4 ± 0.4 0.000

T-score Femur Ward’s -0.1 ± 0.1 -1.4 ± 0.6 0.000

TABLE 3: Modifiable risk factors in participants with lumbar and femur osteopenia.



tion and decreasing its production. It also has di-
rect toxic effect on bone cells and causes calcitonin
resistance.32 Smoking is a very important health
problem especially in the developing countries like
ours where first age of smoking can be as low as the
prepubertal ages in some regions of the country.
Thus smoking not only has impact on bone mass in
elderly but also in children and adults before
achieving peak bone mass.

In the present study heavy coffee consumption
is found to be an important negative contributer to
the peak bone mass achieved in early thirties. Cof-
fee is one of the most popular beverages in the
world and it is also a very popular drink in our
country. One of the most important constituents of
coffee is the caffeine (∼50 mg caffeine in 3 oz
brewed coffee). Studies of caffeine as a probable
risk factor for osteoporosis have yielded conflict-
ing results in elderly. In several cross sectional
studies, caffeine consumption has beeen reported
to decrease BMD, increase the risk of hip fracture
and negatively influence calcium retention in
postmenopausal women.19,21,23,33 In a recent study
caffeine was found to decrease bone mass by
downregulating some important events in osteoge-
nesis in rat bone marrow-derived mesenchymal
stromal cells.34 In a prospective study of Sakamoto,
it was found that high caffeine intake (> 300
mg/day) increased the rate of bone loss significantly
in the spine in elderly postmenopausal women
studied longitudinally. This negative effect of caf-
feine on bone mass was found to be further accen-
tuated by low calcium intakes. It was interesting to
find in the same study that, postmenopausal eld-
erly women with the tt genetic variant of vitamin
D receptor appeared to be more susceptible to the
negative effect of caffeine as evidenced by higher
rates of bone loss.35 In the study of Hallström et al.,
it was found that those having CYP1A2 genotype
are rapid caffeine metabolizers and have increased
risk of losing BMD of proximal femur in elderly.35

However, most of the other studies reported no
overall association between caffeine intake and
BMD, fracture rate or calcium metabolism.22,31-40 In
our study we found a negative correlation between
BMD and frequency of coffee consumption. Heavy

coffee consumers revealed significantly lower
BMD’s. In the present study we also found that
daily milk consumption was significantly higher in
heavy coffee consumers. This finding is probably
the result of habitual drinking of coffee with milk.
Nevertheless, milk being one of the most impor-
tant source of calcium doesn’t seem to be enough to
protect bone from deleterious effects of caffeine in
heavy coffee consumers.19,23,40

As it is well known that increasing body
weight has positive impact on bone metabolism it
was not suprising to find that thinner participants
in our study revaled the lowest BMD’s of all the
anatomic sites studied. 

Tea is one of the two most popular drinks in our
country and coffee is the other one as mentioned
above. In the present study daily tea consumption
was found to be very high as expected but didn’t in-
fluence the bone mass. Studies conducted in elderly
women, tea was reported to protect against hip frac-
tures.15,16,31 Possible protective role of tea on bone
was explained by the phytoestrogens or fluoride
components of the tea in those studies.31,40-47

Osteopenia is an important risk factor for 
periodontal diseases and thus tooth loss in 
elderly.29-30,48 Its effect in young is not known. In
the present study we also tried to determine the
relationship between metabolic bone disease and
periodontal disease in early ages. We found no ac-
tive or chronic periodontitis in our young women
with osteopenia. This finding may be confounded
by the small number of participants examined for
this study and absence of severe metabolic bone
disese in our participants. Large groups of young
women should be examined to find out the influ-
ence of different stages of metabolic bone disease
from osteopenia to severe osteoporosis on peri-
odontal attachment in early ages. 

In the present study which was conducted to
specify the roles of modifiable behavioural risk fac-
tors on bone mass in women at their thirty’s, heavy
caffeine consumption and heavy smoking were
found to be two important habitual factors influ-
encing the final peak bone mass that young woman
can reach. Although our study would have been
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more powerful if larger group of young women
were examined to find out the influence of un-
healthy behaviours on bone metabolism, this study
is amongst the very few studies if any, document-
ing the deleterious effects of high coffee intake and

smoking on peak bone mass. Our study forms basis
for further prospective and controlled studies in
large groups of participants to identify the role of
these modifiable risk factors on bone in early
decades of life.
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