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Abstract

Summary Areal bone mineral density (aBMD) predicts future fracture risk. This study explores associations between use
of tobacco and bone accretion in Norwegian adolescents. Our results indicate that use of snuff is negatively associated with
accretion of aBMD in adolescence and may be a signal of increased future fracture risk.

Purpose Bone mineral accrual in childhood and adolescence is a long-term primary preventive strategy of osteoporosis.
Areal bone mineral density (aBMD) is a surrogate measure of bone strength and a predictor of fracture risk. The aim of this
population-based 2-year follow-up cohort study was to explore associations between use of snuff and smoking and changes
(A) in aBMD in Norwegian girls and boys aged 15-17 years at baseline.

Methods The first wave of the Tromsg study, Fit Futures was conducted from 2010 to 2011. Femoral neck (FN), total hip
(TH), and total body (TB) bone mineral content (BMC) and aBMD were measured by dual-energy X-ray absorptiometry.
Information on use of snuff, smoking habits, and other lifestyle related variables were collected through self-administered
questionnaires. Two years later, during 2012-2013, the measurements were repeated in the second wave. The present study
included 349 girls and 281 boys and compared “non-users” (n=243 girls, 184 boys) with “users” (n=105 girls, 96 boys)
of snuff and “non-smokers” (n =327 girls, 249 boys) with “smokers” (n=21 girls, 31 boys) using linear regression adjusted
for age, baseline height and weight, change in height and weight, pubertal maturation, physical activity, ethnicity, alcohol
consumption, diagnosis known to affect bone, and medication known to affect bone. The influence of “double use” on bone
accretion was also explored.

Results In girls, no associations between use of snuff and AaBMD were found. In boys, use of snuff was associated with
reduced bone accretion in all AaBMD models. Sensitivity analysis with exclusion of “sometimes” users of snuff strengthened
associations at femoral sites in girls and attenuated all associations in boys. In girls, no associations between smoking and
AaBMD were found. In boys, only the association with TB AaBMD was significant in the fully adjusted models. In girls,
“double users” analyses showed similar association to smoking. In boys, nearly all models showed statistically significant
associations with a difference of ~ 1-2% in AaBMD between “non-users” and “double users” during 2 years of follow-up.
Conclusions Our results indicate that tobacco use in late adolescence could be detrimental to bone accretion and may be a
signal of increased fracture risk in adult life.
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Introduction

Osteoporosis and its clinical manifestation, fragility frac-
tures, constitute major public health challenges worldwide,
and Norway has one of the highest reported hip fracture
incidences in the world [1, 2]. Areal bone mineral density
(aBMD) is a non-invasive way to assess bone strength and
fracture risk [3]. Bone mineral levels in the elderly is a
result of peak bone mass (PBM) achieved during child-
hood and adolescence and subsequent age-related bone
loss [4]. Adolescence is a critical period for building bone
as bone accrual peaks around the age of 12.5 among girls
and 14 years of age for boys and roughly 95% of total
adult bone mass is accrued within 4 years following the
peak [5, 6]. Optimizing the genetic potential of PBM in
adolescence is a long-term primary preventive strategy
of osteoporosis. Around 20-40% of PBM achievement
is attributed to lifestyle choices, and several modifiable
behavioral determinants such as physical activity, body
composition, and use of recreational drugs have been
identified [7]. Tobacco use has been associated with lower
aBMD during bone-building years [8, 9].

Over the past decades, there has been an increase in the
prevalence of snuff users in Norway [10]. Snuff (Swedish
snus) is smokeless, oral tobacco traditionally produced and
mainly consumed in the Nordic countries. Within the EU/
EEA area, Norway and Sweden are currently the only two
countries allowing snuff for sale. However, even though
the sale of snuff is prohibited in Finland and Denmark,
data collected from these countries shows that snuff is also
used there [11].

The increase in use of snuff in Norway started around
the year 1990 among young men and after 2005 among
women as well [12]. Whereas the amount of traditional
smoking has decreased, snuff is now the most com-
monly used tobacco in the age range 16-24 years of age.
The prevalence of daily smokers in these age groups
has dropped from around 30% to roughly 5% in the last
20 years, while recent studies estimate that 25% of men
and 15% of women use snuff daily [13, 14]. The preva-
lence of daily use of snuff is still increasing, although the
rapid growth in proportion has slowed during the recent
years [10].

There are constituents of snuff with a potentially wide
range of adverse health effects, but these issues are rela-
tively unexplored and evidence is controversial [15].
However, snuff and smoke tobacco expose individuals
to many of the same substances, and the adverse influ-
ence of smoking on bone health in the adult population is
well established [16]. The evidence of similar effects of
tobacco on achievement of PBM during growth is sugges-
tive, however, not compelling [7-9, 17-20]. Winther and
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colleagues found a negative association between smoking
and aBMD in boys but no relationship between use of
snuff and bone mass among Norwegian adolescents 15 to
17 years of age [21]. Apart from this cross-sectional study,
the associations between snuff and bone at a population
level are hardly described.

We hypothesized that both use of snuff and smoking may
influence accretion of bone in adolescence. The aim of this
study was therefore to explore possible association between
use of snuff and change in aBMD (AaBMD) during a 2-year
follow-up in late adolescence. In addition, the associations
between smoking and “double use” and changes in bone
traits were explored.

Methods
Subjects

The study procedures of The Tromsg study, Fit Futures are
published previously [22]. Briefly, the Fit Futures study is
a school-based cohort initiated in 2010-2011 (TFF1). All
first year upper-secondary school students in Tromsg and
the neighbor municipalities were invited to a comprehensive
health survey. Out of 1117 invited individuals, 1038 adoles-
cents (508 girls and 530 boys) attended, giving a participa-
tion rate of 92.9%. In the follow-up survey, Fit Futures 2
(TFF2) 2 years later (2012-2013), all participants in TFF1
and all new students in third year of the same upper-second-
ary schools were invited. A total of 66% of the TFF1 cohort
met in TFF2 providing 688 repeated measures of aBMD.
Participants above 17 years of age at baseline were excluded
and 630 individuals 15 to 17 years of age, 349 girls and
281 boys, completed the questions on use of tobacco at both
surveys.

Recruitment of participants to both surveys was con-
ducted in close collaboration with the schools. The Clinical
Research Unit at the University Hospital of North Norway
conducted both health examinations during school days. All
participants gave written informed consent at the study site.
Participants younger than 16 years of age had to bring a
written consent from their superiors to attend the survey. The
data collection in TFF1 and TFF2 was approved by the Nor-
wegian Data Protection Authority and the Regional Commit-
tee of Medical Research Ethics (REK nord) with a project-
specific approval for the present study (Ref. 2019/31193/
REK nord).

Outcome measurements
Changes in bone mineral status were measured by dual-

energy X-ray absorptiometry (DXA) as femoral neck (FN),
total hip (TH), and total body (TB) bone mineral content
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(BMC; g) and aBMD (g/cmz). The same instrument (GE
Lunar prodigy, Lunar Corporation, Madison, WI, USA) and
analytic program (Encore pediatric software [23]) were used
in both TFF1 and TFF2. We used auto-analysis software
and default region of interest, according to a standardized
protocol. Previously, the coefficients of variation ((SD/
mean] X 100) for the DXA device used have been estimated
to 1.14% at the TH and 1.72% at the FN measured in vivo
[24]. We used measurements of the left-sided hip, but in
15 cases, the data was erroneous or missing, and values of
the right hip were reported for both TFF1 and TFF2. The
main outcome of this study was AaBMD; however, ABMC
is frequently reported to support the understanding of bone
accretion.

Exposure variables

We collected data on the use of tobacco by electronic self-
administered questionnaires. At TFF1, the question “Do
you use snuff?” had three alternatives: “no never,” “some-
times,” or “daily.” If answers were “sometimes” or “daily,”
participants were asked additional questions on frequency.
The questions were as follows: “If you use snuff sometimes,
how many snuff portions do you usually take per week?”
Alternatives were “one or less,” “2-3,” “4-6,” “7-10,” and
“more than 10.” For daily users, the subsequent question was
as follows: “If you use snuff daily, how many snuff portions
do you usually take per day?” Alternatives were “1,” “2-3,”
“4-6,” “7-10,” and “more than 10.” Information about the
age of onset were elicited by a question at TFF2: How old
were you when you started to use snuff? The 8 alternatives
were as follows: “Below 12 years,” “12 years,” “13 years,”
“14 years,” “15 years,” “16 years,””’17 years,” “18 years,”
and “19 years or above.” Questions on smoking had an iden-
tical structure as those on use of snuff at both surveys, and
only “portions” were replaced by “cigarettes.”

Covariates

We measured height and body weight to the nearest 0.1 cm
and 0.1 kg (Jenix DS 102 Stadiometer, Dong Sahn Jenix,
Korea), following standardized procedures with no shoes
and light clothing. Based on these parameters, body mass
index (BMI) was calculated (kg/mz). Through clinical inter-
views, we assessed ethnicity (White, Asian, or Black, dichot-
omized into white or others), the possibility of pregnancy
(exclusion criterion for DXA), acute and chronic diseases,
use of medication, and use of hormonal contraceptives.
Pubertal maturation information, physical activity level,
and alcohol consumption were elicited by the self-adminis-
tered questionnaire at TFF1. Frequency of alcohol consump-
tion was assessed with a scale from 1 to 5: “never,” “once
per month or less,” “2—4 times per month,” “2-3 times per

week,” and “4 or more times per week.” We dichotomized
the answers into no (never) and yes. Covariates of pubertal
maturation in boys were based on the Pubertal Develop-
mental Scale (PDS). Secondary pubertal characteristics as
growth spurt, pubic hair growth, changes in voice, and facial
hair growth rated on a scale from 1 (have not begun) to
4 (completed) were summarized and divided by four [25].
In girls, pubertal maturation was determined based on self-
reported age at menarche.

Self-reported physical activity level was assessed by ques-
tions from the modernized Saltin-Grimby Physical Activity
Level Scale (SGPALS) [26]. The participants graded their
leisure time physical activity in an average week during the
last year with four alternatives: “sedentary activities only”;
“moderate activity like walking, cycling, or exercise at least
4 h per week”; “participation in recreational sports at least
4 h per week”; “participation in hard training/sports com-
petitions several times a week.” If the activity varied much,
for example, between summer and winter, they were asked
to give an average.

Hormonal contraceptive use (girls) was categorized into
“no,” “estrogen and progestin,” and “progestin only.” We
dichotomized answers on use of medication known to affect
bone and diseases known to affect bone into yes and no
(medication and disease definition, see Table 1).

Statistical analyses

All statistical analyses were conducted stratified by sex,
and characteristics of the study population are presented as
means and standard deviations (SD), or count, and percent-
ages. We explored differences by ANOVA with Bonferroni
correction and Pearson’s chi-squared test. We calculated
absolute change (TFF2 — TFF1) and percentage change
((TFF2 — TFF1)/TFF1*100) in bone traits. Through DXA
measurement dates, we were able to compute exact time
of follow-up to compute annual change of anthropometric
and bone parameters used in crude analyses. For simplicity
purposes, the snuff and cigarette frequency answers were
categorized into three groups: “<1,” “2-6,” and “> 7" units
per week/day.

The associations between the exposure of tobacco and the
outcomes of AaBMD between TFF1 and TFF2 where inves-
tigated by linear regression models. We used TFF2 score
as outcome and included the TFF1 score as a covariate to
estimate the predictive value of exposure on change (Y2 =
PO+ pIYI+p2X,, 4+ P3...). We compared the results with
change-score analysis (Y2-YI=p 0+ p1X,,,.) and explored
consistency as baseline adjustments in change-score analysis
may introduce bias in regression models comparing natu-
rally occurring groups [27].

Initially we conducted crude models. Then potential
confounders were added in the following way: model 2, the
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Table 1 (continued)

Boys

Girls

P

=65

“Daily users” n

=31

“Sometimes” n

“Non-users” n= 185

p

=54

“Daily users” n

51

“Sometimes” n

=244

“Non-users” n

94.687  (69.825) .001
(213)

2.103

(60.081)
(218)

132.075  (81.248)  97.151
1.949 (214) 2.078

.238

(55.011)
(211)

(60.349)  47.630  (66.963) 27.898
1.935 (.159) 2.055

(.198)

39.680

ABMC TB (g per year)

<.001

<.001

1.925

Time between measurements (years)

52. PPercentage of white. “Sometimes category

shows units per week, and daily category shows units per day. “Diseases known to affect bone (ICD10): E03 Hypothyroidism, E10 Diabetes type 1, F50,9 Eating disorders, K90.0 Celiac disease,

and M13 Arthritis. ®Medication known to affect bone (ATC): DO7A Plain corticosteroids, HO3A Thyroid preparations, NO3A Antiepileptic, ROIAD Corticosteroids, RO3BA Glucocorticoids

change. aBMD areal bone mineral density, BMC bone mineral content, FN femoral neck, TH total hip, TB total body. *Missing PDS score n

A=

ANOVA

(inhalants), and HO2A Corticosteroids for systemic use. p

“anthropometry model,” comprised the crude model plus
age, baseline anthropometry (height and weight), and change
in anthropometric parameters. In model 3, the full model,
pubertal maturation, and baseline physical activity level
were added to the “anthropometry model.” In addition, base-
line variables previously known to be of clinical importance
like ethnicity, alcohol consumption, diagnosis known to
affect bone, medication known to affect bone (see Table 1),
and hormonal contraceptives use (girls) were then added
as covariates using a backwards elimination strategy where
p=0.10 were used as cut-off to stay or leave the model.
Based on these elimination procedures, ethnicity was added
to all models in boys, and the TH AaBMD was adjusted for
medication known to affect bone. In girls, hormonal con-
traceptives use was added to all models. All models were
adjusted for time between measurements. Use of snuff mod-
els were controlled for daily smoking and vice versa.

During the first few weeks of TFF1, the questionnaire did
not contain the questions related to PDS score, giving a high
percentage of missing puberty values among boys: n =52
(18.5%). In girls, six had missing information on menarche
age. Multiple imputations based on predictors and outcome
variables used in the full model were conducted to predict
missing values. We assumed missing at random, 20 impu-
tations were performed, and we report pooled estimates
[28]. Normal distribution, linearity, homogeneity, and out-
liers were explored by residual analysis. In both girls and
boys, one outlier was excluded in all models. In girls, the
full TB BMC model residuals showed a heteroscedastic
pattern, and weighted least square regression was applied.
We used menarche age and PDS scores as continuous vari-
ables in multiple regression models. Plausible 2-way inter-
actions related to aBMD, age, and pubertal maturation were
checked, and interaction terms for age*snuff were added to
boys AaBMD TB full model and age* “double use” to the
AaBMD TB full model in gitls. Significance level was set to
p=0.05, and all procedures were performed in IBM SPSS
Statistics for Windows, version 26 (IBM Corp., Armonk,
N.Y., USA).

Results

We included 630 adolescents in the present study, 349 girls
and 281 boys (45% boys), and their descriptive statistics
stratified by use of snuff status are presented in Table 1.
Mean age of the participants at baseline was 16.6 (SD 0.4)
years with a range from 15.7 to 17.9 years. The majority
were 16 years of age, 83.1% and 80.8% in girls and boys,
respectively. At follow-up, the mean age was 18.6 (SD 0.4)
years with a range from 17.8 to 20.1 years. Mean follow-up
time between TFF1 and TFF2 was 2.0 (SD 0.2) years with
a range between 1.5 and 2.7 years. Only participants with
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repeated measures were included in the study and drop-out
analysis revealed that significantly more boys (n = 196) than
girls (n=111) were lost to follow-up. Girls lost to follow-up
had higher BMI (0.894 kg/m?, p=0.039), while boys had
lower baseline FN aBMD (- 0.028 g/cmz, p=0.049). Both
girls and boys lost to follow-up had a statistically signifi-
cant higher prevalence of snuff use (girls, p=0.001; boys,
p=0.005) and smoking (girls, p=0.013; boys, p=0.032).

Use of snuff

In girls, 244 (69.9%) were classified as “non-users,” 51
(14.6%) as “sometimes,” and 54 (15.5%) as “daily users”
of snuff at baseline. In boys, the corresponding numbers
were 185 (65.9%), 31 (11.0%), and 65 (23.1%), respectively.
The age of onset was mainly between 13 and 16 years of
age, and mean age was 14.6 in girls (n =93, 12 missing)
and 14.7 years in boys (n =284, 12 missing; 3 participants
responding onset under 12 years had age set to 11 years).
The age of onset was not correlated with any bone outcomes.

All but six of the “daily users” at TFF1 remained “daily
users” during follow-up (51 girls and 62 boys at TFF2).
The prevalence of snuff users increased during follow-up.
In both girls and boys, roughly 18% “of the non-users”
reported sometimes or daily use of snuff 2 years later. In the
“sometimes” use of snuff category at baseline, more than
half of the girls reported to usually take one portion or less

Girls

2,00

1,50

1,00

S0

Mean annual percent AaBMD

per week and 86.3% reported six portions per week or less.
In boys, we observed corresponding numbers, with 58.1%
and 74.2%, respectively. Furthermore, we observed that indi-
viduals in the “sometimes” category at baseline fluctuated
during follow-up, and only 15 of the 82 remained in their
initial “sometimes” category. In main analysis, we com-
pared the “non-users” with the “users” of snuff, combining
“sometimes” and “daily” users of snuff at baseline. Sensi-
tivity analysis was then conducted with the “sometimes”
group excluded, comparing “non-users” with “daily users”
group only.

In both girls and boys, the snuff “users” group differed
significantly from the “non-users” with a higher prevalence
of smokers and alcohol consumers (p <0.001). Among girls
in the “users” category, fewer reported to be engaged in
sports activities (p < 0.001), and use of hormonal contracep-
tives was more prevalent in the “users” group (p <0.001). In
boys, there was a statistically significant difference between
the compared groups in annual height (p <0.001) and weight
change (p =0.020). No differences in baseline aBMD or
BMC between the groups were observed.

Crude analyses

Crude percentage of bone accretion is shown in Fig. 1. In
both girls and boys reporting no use of snuff at baseline,

Boys

CJFEMORAL NECK
EITOTAL HIP
NTOTAL BODY

00 SRS 1

-50
"Non-users"

SNUFF USE

Fig. 1 Crude comparisons of “non-users” and “users” of snuff with
regard to mean annual percent change in Areal bone mineral density
(aBMD) between baseline and follow-up measurement 2 years later

@ Springer

"Non-users"

"Users"

for femoral neck, total hip, and total body. The Tromsg study, Fit
Futures. Girls, N=349 (244 “non-users”/105 “users”). Boys, N=281
(185 “non-users”/96 “users”)
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mean annual AaBMD was higher compared to change
among “users.”

Adjusted analyses

The results of crude and adjusted regression models of
AaBMD and ABMC in relation to use of snuff are pre-
sented in Table 2. In girls, the “users” of snuff group had
significantly less AaBMD compared to the “non-user” group
in crude models at both femoral sites (FN: p= —0.004,
p=0.028, and TH: p= —0.019, p=0.020), but not at TB. No
associations were significant in the fully adjusted models.

In boys, statistically significant associations were
observed in both AaBMD and ABMC, except in the adjusted
ABMC TB models. Estimated AaBMD between “non-users”
and “users” of snuff at the FN was 0.012 and 0.015 g/cm? at
the TH in the full models, a difference comprising roughly
1% change during follow-up. In anthropometry models, par-
ticularly changes in anthropometric measures attenuated the
associations.

Sensitivity analyses

In analysis where the “sometimes” group was excluded,
comparing “non-users” (girls, n =244; boys, n=185) with
“daily users” (girls, n=>54; boys, n=65) of snuff showed
estimates with negative associations between snuff use and
bone accrual. In girls, the “daily users” of snuff group had

significantly less AaBMD at FN compared to the “non-user”
group in adjusted models: f= —0.012, p=0.037, while the
TH association also strengthened (= —0.009, p=0.071).
In boys, both AaBMD and ABMC crude models were sta-
tistically significant. However, in partly adjusted models, all
associations were attenuated and turned out insignificant. In
the fully adjusted models, use of snuff was not statistically
significantly associated with AaBMD.

In sensitivity analysis related to multiple imputation and
the high percentage of missing puberty data in boys, the
full models with the original sample (“non-users” vs “users”
with original PDS score, n=229) showed similar estimates,
but FN (p= —0.015, p=0.059) and TB (= —0.008,
p=0.062) turned out insignificant.

Smoking and bone accretion

There were a limited number of daily smokers at baseline
in the study population, eight girls (2.3%) and eight boys
(2.8%). In the “sometimes” category consisting of 56 girls
(16%) and 44 (15.7%) boys, 76.8% of the girls and 47.7% of
the boys reported to smoke one or less cigarette a week. In
order to obtain a larger comparison group and to enhance
exposure of smoking in the “smokers” category, the “one
or less” responders were regarded as “non-smokers,” and a
combined “daily/more than 2 cigarettes weekly” category
consisting of 21 girls and 31 boys was created.

Table 2 Crude and adjusted

<. Use of snuff FN TH TB
associations between snuff use
at baseline (use versus non-use) p P p P p P
and change in femoral neck
(FN), total hip (TH), and total Girls
body (TB) areal bone mineral AaBMD  Crude —.004 .028 —.009 .020 —.002 418
density and bone mineral Age and anthropometry ~ — 007 084 —.007 063 —.001 793
;glrf;?fu‘;t‘rggjgu:g;u; 02r e Full model —004 304 —.003 443 000 862
measurement. The Tromsg ABMC Crude —.045 .036 -.310 018 —1.848 .893
study, Fit Futures Age and anthropometry —.034 .100 —.245 .052 10.107 404
Full model —.073 .057 —.122 357 —9.454 § 783
Boys
AaBMD  Crude —.024 000 —.019 .001 —.015 .000
Age and anthropometry —.017 .009 —.013 014 —.009 010
Full model —.015 .023 —.012#  .027 —.322x 019
ABMC Crude —.170 .000 —1.095 .000 —74.395 000
Age and anthropometry —.120 .004 -.712 .003 —25.073 .084
Full model —.099x  .020 -.779 007 —25.021 .098

Girls, N=348 (243 “non-users”/105 “users”). Boys, N=280 (184 “non-users”’/96 ‘“users”). Values are
based on linear regression analysis. A=change. aBMD areal bone mineral density, BMC bone mineral
content. Anthropometry model: crude model +age, body height, body weight, Abody height, and Abody
weight. Full model: anthropometry model + pubertal maturation, physical activity level, daily smoking,
hormonal contraceptives use (girls only), and ethnicity (boys only). All models were adjusted for time
between measurements. *Adjusted for medication known to affect bone. $n=342 because of weighted least
square model. “Interaction age*snuff use f=.019, p=.022. Statistically significant results in bold
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No statistically significant differences in baseline bone  activity levels in the smokers group compared to the “non-
traits between smokers and “non-smokers” were observed.  smokers” group. Crude comparisons of change in AaBMD
Otherwise, the groups differed with a higher prevalence  are shown in Fig. 2.
of snuff use, alcohol consumption, and lower physical

2,00

1,00

00

Mean annual percent AaBMD

-1,00

Girls Boys

CJFEMORAL NECK
EJTOTAL HIP
NTOTAL BODY
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"Non-smokers"

"Smokers" "Non-smokers" "Smokers"

Fig.2 Crude comparisons of “non-smokers” and “smokers” with total body. The Tromsg study, Fit Futures. Girls, N=349 (228 “non-
regard to mean annual percent AaBMD between baseline and fol- users”/21 “users”). Boys, N=281 (250 “non-users”/31 “users”)
low-up measurement 2 years later for femoral neck, total hip, and

Table 3 Crude and adjusted
associations between smoking
status (smoker versus non-
smoker) at baseline and
follow-up measurement 2 years
later for femoral neck (FN),
total hip (TH), and total body
(TB) aBMD and BMC, adjusted
for baseline measurement. The
Tromsg study, Fit Futures

@ Springer

Smoking FN TH TB
B P B P p P
Girls
AaBMD Crude —.011 121 —.011 128 —.004 322
Age and anthropometry —.011 142 —.013 .063 —.004 344
Full model —.009 .288 —.009 206 —.003 521
ABMC Crude —.096 019 —.343 176 342 .990
Age and anthropometry —.105 008 —.487 046 —11.898 .613
Full model -.097 012 —.348 169 —22.099* 264
Boys
AaBMD Crude —.009 .398 —-.021 .016 —-.016 .006
Age and anthropometry —.011 225 -.013 006 -.013 .008
Full model —.009 411 —-.016 052 —-.011 .037
ABMC Crude -.165 014 -1.127 .004 —49.356 .108
Age and anthropometry —.125 042 —.945 007 —32.578 123
Full model —.094 .145 -.752 .050 —24.040 293

Girls, N=348 (327 “non-smokers”’/21 “smokers”). Boys, N=280 (249 ‘“non-smokers”/31 ‘“‘smokers”).
Values are based on linear regression analysis. A=change. aBMD areal bone mineral density, BMC
bone mineral content. Anthropometry model: crude model+age, body height, body weight, Abody
height, and Abody weight. Full model: age and anthropometry model+ pubertal maturation, physi-
cal activity level, daily snuff use, and ethnicity (boys only). All models were adjusted for time between
measurements.*n =342 because of weighted least square model. Statistically significant results in bold
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The results of crude and adjusted regression models of
AaBMD and ABMC in relation to smoking are presented
in Table 3. In girls, no associations between smoking and
AaBMD were observed, but accumulation of BMC at the FN
appeared to be reduced (=0.109, p=0.0006).

In boys, the full AaBMD TB model was statistically sig-
nificant (= —0.011, p=0.037). The association for TH in
the crude and anthropometric models was statistically sig-
nificant but was attenuated in the full model with a border-
line association (p =0.052).

“Double use”

At baseline, 46 girls and 44 boys responded that they were
“double users,” indicating responses of either “daily” or
“sometimes,” for both smoking and use of snuff at baseline.
Among the “daily users” of snuff, 28 (51.9%) of the girls
and 32 (49.2%) of the boys reported to be “double users,”
i.e., both smokers and daily use of snuff. These individuals
were mostly sometimes smokers as only eight girls and eight
boys reported smoking daily. Only one out of the 16 daily
smokers at baseline was not “double user.”

The baseline differences between “double users” and
“non-users” were similar to use of snuff, except that annual
change in body weight did not differ in boys. The results of
crude and adjusted regression models of AaBMD, ABMC,
and “double use” are presented in Table 4.

In girls, no relationship was observed between AaBMD
and “double use,” while the ABMC was significantly
reduced at the FN (p =0.018). In boys, most models turned
out statistically significant, except the adjusted AaBMD FN
models. An estimated difference in AaBMD between “non-
users” and “double users” at the TH of 0.018 g/cm? corre-
sponds to ~ 1.6% change during follow-up.

Discussion

To our knowledge, this is the first population-based study to
explore associations between use of snuff and bone accumu-
lation in a young population. In girls, snuff use was not asso-
ciated with bone accretion in main analyses, however with
an indicated inverse association at femoral sites when “non-
users” and “daily users” of snuff were compared. In boys,
negative associations between use of snuff and AaBMD
were observed at all skeletal sites. However, in contrast to
girls, associations attenuated when comparing “non-user”
and “daily users” of snuff in sensitivity analyses. Smoking
had limited influence on AaBMD, while “double use” was
associated with a lower rate of bone accumulation at TH and
TB during follow-up among boys. With a few exceptions, the
regression coefficients were negative for both use of snuff,
smoking, and “double use.” However, the statistical signifi-
cance of the associations was not consistent and depended
on skeletal site and sex.

Table 4 Crude and adjusted

o Double users FN TH TB
associations between double
use of tobacco and change in p P p P p )4
femoral neck (FN), total hip
(TH), and total body (TB) Girls
aBMD and BMC during 2 years AaBMD  Crude -.009  .123 —.006 216 —.003 293
follow-up, adjusted for baseline Age and anthropometry ~ —.010 074  —.008 114  —.003 263
ft’jg;“ﬁrt“gﬁugf Tromso Full model —009 114 —004 370 —.249§ 020
ABMC Crude —.066 024 —.276 122 2.794 .881
Age and anthropometry —-.073 .009 —.337 .048 —2.055 .900
Full model —.068 018 —.210 224 —4.514 * 728
Boys
AaBMD  Crude —.021 017 —.024 .001 -.018 <.001
Age and anthropometry —.012 128 —.018 .005 —-.013 .002
Full model —.012 124 -.018 007 -.013 .002
ABMC Crude —-.161 .005 -1.127  .004 —64.944 013
Age and anthropometry —.105 045 -.933 .003 —32.578 123
Full model -.103  .047 —.898 .003 —32.191 .073

Girls, N=348 (302 “non-users”/46 “double users”). Boys, N=280 (236 “non-users’/44 “double users”).
Values are based on linear regression analysis. Double users =snuffing and/or smoking daily. A =change.
aBMD areal bone mineral density, BMC bone mineral content. Anthropometry model: crude model + age,
body height, body weight, Abody height, and Abody weight. Full model: anthropometry model + puber-
tal maturation, baseline physical activity level, and ethnicity (boys only). All models were adjusted for
time between measurements.*n =342 because of weighted least square model.’Interaction age*double use
B=.015, p=.021. Statistically significant results in bold
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The use of snuff in a young population is a relatively new
public health issue in Scandinavia, and the health-related
effects of snuff are not much studied. Winther and col-
leagues explored the cross-sectional associations between
aBMD and use of snuff in the TFF1 study population and
found no statistically significant differences between “users”
and “non-users” [21]. The absence of a relationship may
be explained by age of onset, duration of use, and tempo-
ral sequence of events. The majority of daily users of snuff
reported onset to be 1 or 2 years before participation in
TFF1, and the influence of snuff on bone mass may not have
been established yet.

In a study from 2007, no delayed bone healing was
observed in male users of snuff after osteotomy [29]. Some
studies have shown that snuff use status and periodontal
bone loss are related [30], but these findings concerning
the oral cavity in adults are not necessarily comparable to
skeletal health, nor valid in an adolescent population. There
are some studies showing that smokeless tobacco (chewing
tobacco, non-combustible tobacco) accelerates age-related
loss of aBMD in various populations, typically in India
[31], Turkey [32], and in older multi-ethnic women [33,
34]. However, it has been argued that Swedish snuff has a
lower potential of harm due to reduced levels of chemical
agents than tobacco products consumed by populations in
other geographical areas worldwide [35] and, thus, may not
be comparable with these other types of substances related
to bone.

The differences in significance between girls and boys
may be explained by differences in maturation and tim-
ing of PBM. The boys are still in longitudinal growth, and
the hypothesized detrimental influence of use of tobacco
may have a greater impact compared to girls. A previously
published study of the Fit Futures cohort has shown that
girls are reaching an aBMD plateau at femoral sites in late
adolescence [22].

Individuals that use tobacco may be more likely to have a
lifestyle that could negatively affect aBMD than their “non-
user” peers, and it may be hard to disentangle these factors.
Essential confounders like body weight and physical activity
were adjusted for in the full models. Together with changes
in anthropometry, smoke was the major confounder of the
relationship between bone and use of snuff, and the same
tendency was observed for snuff on smoke. This gave the
grounds for analysis of double users.

One crucial confounder in this study is the influence of
pubertal maturation. The developmental differences of nor-
mal puberty are large, and hormonal status influences tim-
ing of bone accretion. The rate of bone accretion largely
depends on biological rather than chronological age [5]. In
girls, there was a dose—response relationship between “no
never,” “sometimes,” and “daily” use of snuff and AaBMD.
In boys, the “sometimes” group gained less on average at

@ Springer

femoral sites than the “daily users” did. This could explain
why sensitivity analysis showed no differences between the
“daily users” and “non-users” of snuff. The “sometimes
group” did, however, have a higher initial aBMD value. The
attenuation of the associations by changes in anthropomet-
rics in boys could indicate that some of the variation in bone
accretion is due to differences in maturation not explained
by pubertal maturation variable PDS score. The precision of
self-reported PDS score has been questioned [36], and use of
snuff could be influenced by timing of pubertal maturation,
as previously reported for smoking and alcohol consumption
in another Norwegian cohort [37].

The influence of smoking on PBM has been investigated
more thoroughly; however, the evidence is not compelling
and limited by methodological challenges. Weaver et al.
[7] identified 6 prospective and 7 cross-sectional studies
published since year 2000 with inconsistent conclusions,
but overall evidence supported the notion that smoking
may have a deleterious influence on PBM. Discrepancy of
associations may be due to diverse classifications of smok-
ing status employed or frequency- and duration-dependent
effects of smoking on bone. The low prevalence of regular
smoking frequently limits statistical power [7]. Our study
was no exception. Dorn and colleagues [8] found that the
effect of smoking on bone accrual became more pronounced
as girls got older. We could not confirm this relationship in
the TFF cohort, but this may be related to sample size, low
prevalence of smokers, and degree of exposure.

Mechanisms

Potential pathophysiologic mechanisms of the adverse
effects of tobacco on bone remain to be clarified [38]. Snuff
may have different effects on bone than smoking does,
because it does not undergo combustion. Nevertheless, the
hypothesized influence of tobacco on the skeleton may be
indirect through body weight, reduced blood supply, cal-
ciotropic hormones, and abnormal PTH/vitamin D axis or
direct through nicotine [38—40]. Studies suggest that snuff
generates the same amount of blood plasma nicotine level as
smoking [41]. There is a faster uptake of nicotine by smok-
ing, but the blood plasma nicotine level remains higher over
a longer period of time by use of snuff [42]. However, the
influence of nicotine on bone may be different in growing
and mature skeletons [43].

Study strengths and limitations

The main strengths of this study are the population-based
design and a relatively large, well-described, study popula-
tion where both sexes are represented. The Tromsg study,
Fit Futures is one of few studies investigating adolescent’s
health and lifestyle. Trained personnel at the research unit
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at the University Hospital of North Norway conducted the
data collection in order to minimize measurement error.
However, the study has some limitations to consider. Only
two measurement points and the relatively short follow-up
time made it challenging to differ true change in aBMD from
measurement error and regression to the mean may be an
issue. Even though the precision of DXA is good at a group
level, the mean changes of less than 1% are debatable given
the CV of the DXA scanner. DXA has limitations because of
the two-dimensional measurement of BMD, leading to over-
estimation of larger bones. The assessment of tobacco expo-
sure by self-administered questionnaire may induce social
desirability bias and underreporting of exposure [44]. The
lack of information on nutrition and vitamin D levels and the
missing PDS scores for 18.5% of males are considered a lim-
itation to the study. Loss to follow-up bias may influence the
validity of this study, as the study sample comprises roughly
66% of the original cohort. However, a high attendance rate
at baseline (93%) contributed to the information of the drop-
out analysis. Proportions of smokers and users of snuff were
higher in drop-outs, which could lead to an underestimation
of the associations between tobacco and bone accrual in the
study. The use of baseline adjustments in two-wave obser-
vational studies with naturally occurring groups is debated.
Baseline adjustments combined with measurement error
may lead to directional bias leaving hypothesis tests vul-
nerable to type 1 error [45], and comparison with simple
change scores without baseline adjustments was conducted
according to advices by van Breukelen [27]. When the two
approaches do not agree, results should be interpreted with
caution. The disagreement was limited to 1 out of 36 models
(Supplemental table). Nevertheless, disagreement may also
partly be explained by the fact that one approach estimates
the total effect of exposure on bone accrual, while the other
estimates the direct effect, adjusting for the initial bone trait
level [46].

Conclusions

Our findings suggest an inverse association between use of
snuff and aBMD changes in late adolescence. In girls, no
differences between “non-users” and “users” were identified,
but snuff use was associated with lower femoral AaBMD
when comparing “non-users” with “daily users” of snuff
only. In boys, negative associations between use of snuff
and AaBMD were observed at all skeletal sites. However,
in contrast to girls, associations attenuated when comparing
“non-user” and “daily users” of snuff in sensitivity analyses.
The associations between smoking and change in bone traits
were limited, while combined use of cigarettes and snuff,
“double use,” appeared to have a detrimental influence on
bone accrual in boys. The results should be interpreted with

caution due to limitations of the two-wave design, poten-
tially unobserved pubertal maturation interactions, low
prevalence of smokers, and a short follow-up time. However,
the study findings partly support our hypothesis that the use
of snuff and smoking are detrimental to bone accretion and
should be investigated further in cohorts with multiple waves
as the consumption of snuff is rising among the adolescent
population and future bone health consequences are unclear.
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