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Abstract

Objective: Low bone mass often leads to osteoporosis and increased risk of bone
fractures. Soda consumption may contribute to imbalances that lead to decreased
bone mineral density (BMD) and general bone health. We examined the rela-
tionship between soda consumption and osteoporosis risk in postmenopausal
American-Indian women, an at-risk population because of nutritional and other
lifestyle-related factors.

Design: Cross-sectional analysis using logistic regression to examine associations
between soda consumption and osteoporosis, and linear regression to examine
the association between soda consumption and BMD, with and without adjust-
ment for demographic and lifestyle factors. Quantitative ultrasound of the heel
was performed to estimate BMD (g/cm?).

Setting: American-Indian communities in the Northern Plains and Southwestern USA.
Subjects: A total of 438 postmenopausal American-Indian women.

Results: Women with osteoporosis were significantly older and had lower BMI,
average daily soda intakes, BMD levels and use of hormones than women without
osteoporosis (P<<0-05). Soda consumption was not associated with increased odds
of osteoporosis in either unadjusted or adjusted models (P> 0-05), although age
(increased), BMI (decreased) and past hormone use (decreased) were all significantly
associated with osteoporosis risk (P<0-05).

Conclusions: Although the present study did not find associations between soda
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analyses did confirm confounding between soda consumption and age and BMI. Menopause
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largely mediated through these factors.

Approximately fourteen million people over the age of
50 years are expected to have osteoporosis, a chronic
disease characterised by low bone mineral density (BMD),
by the year 2020V, In turn, osteoporosis increases the risk
of developing bone fractures with potentially devastating
physical, mental and economic consequences*®. In gen-
eral, risk is highest in postmenopausal white women,
individuals of small body size, the physically inactive and
those who have low dietary Ca intake®. With respect to
race/ethnicity, risk for osteoporosis and subsequent frac-
ture is highest among white women, followed by Hispanic,
American-Indian and Asian women, with black women
having the lowest risk*”.

Although data suggest that biological differences may
outweigh behavioural factors in determining bone
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Population studies

health®*, reducing osteoporosis and fracture risk is only
achievable with the use of medications and/or lifestyle
modifications™. For example, evidence supports the con-
cept that physical activity and dietary Ca and vitamin D
intakes are major contributors to bone health®”. A major
source of dietary Ca and vitamin D is milk. There have been
some anecdotal reports, and a few scientific studies, sug-
gesting that consumption of soft drinks, which has increased
in the general population in recent years®, may displace
milk consumption and subsequently reduce Ca intake® ™"
Many cola drinks also contain high levels of phosphoric
acid. One theory regarding reduced BMD in individuals
who drink large amounts of cola-type beverages is that
phosphoric acid may interfere with Ca absorption and
contribute to hormonal imbalances that lead to additional
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loss of Ca'*”. High dietary P has been shown to cause bone
loss in several animal studies"™'", and significant positive
associations between consumption of these beverages and
hypocalcaemia and hypercalciuria have been reported in
human studies’®'*'®_ In addition, because many cola
beverages also contain caffeine, which itself is known to
contribute to hypercalciuria’®, the caffeine content should
also be taken into account when considering the effects of
soda intake on bone health.

Many studies addressing cola consumption and bone
health in humans have shown significant associations
between these outcomes. For example, at least two studies
found significant negative associations between cola con-
sumption and BMD in women and adolescent girls“*!
However, one study considering soda consumption, not
limited to colas, in white women revealed no significant
association with BMD after adjusting for age, obesity and
other lifestyle factors’®. Another study found that soda
intake in general was negatively associated with bone
mineral accrual in adolescent boys and girls""”.

However, whether the negative associations observed
between soda intake and bone health can be attributed to
milk displacement, phosphoric acid or to other lifestyle
factors remains controversial. Other factors known to have
an effect on bone health include BMI (kg/m?), physical
activity, individual nutrients (e.g. those found in fruit and
vegetables), smoking, alcohol intake, female hormones (e.g.
birth control and hormone replacement therapy) and cer-
tain disease conditions, such as renal and thyroid disease'®.
Demographic factors may also affect bone health; age, race
and gender are known correlates of BMD*%©.

Although some studies have examined the effects of soda
consumption on bone health in adults, most have been with
white women. No studies to date have examined soda intake
and bone health in American-Indian women. This is a unique
population in which to study the effects of soda consumption
on bone health because cola beverages are the top con-
tributors of energy intake in American-Indian women*#2,
In contrast, milk appears as the fiftieth listed contributor to
energy intake in American-Indian women and generally as
part of a secondary food source, such as cheese on pizza™® .
Lactose intolerance among American Indians has been
suggested as a possible reason for low intake of milk in
this population®>. Thus, we examined the relationship
between soda consumption and measures of bone health in
postmenopausal American-Indian women. We hypothesised
that increased soda consumption is independently associated
with decreased BMD measured at the calcaneus and with
increased risk of osteoporosis in this population.

Methods
Subjects

The EARTH (Education and Research Towards Health)
cohort was established to investigate how diet, activity,
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body size, lifestyle and cultural factors relate to the
development and progression of chronic diseases in this
highly susceptible population®.  Individuals
recruited from regional centres located in Alaska, the
Navajo Nation in Northern Arizona, the Plains region in
Western South Dakota and the Gila River region in
Southwestern Arizona. Specific methods for the EARTH
study are described in detail elsewhere®®. Briefly, base-
line measurements consisted of informed consent, an
intake questionnaire, several medical measurements, an
audio computer-assisted self-interview diet, health and
lifestyle-history questionnaire, an exit interview and
individual feedback to participants.

Enrolment in the study, in accordance with tribal
requirements, was open to all tribal members (a con-
venience sample) from the Alaska, Plains and Navajo
Nation regions. A random systematic household sample
was used in the Gila River centre. Eligibility criteria
included: (1) being at least 18 years of age; (ii) being an
American Indian or Alaska Native (AIAN) eligible for
health care through the Indian Health Service; (iii) being a
resident of the study area; (iv) not being pregnant at the
time of baseline visit; (v) not actively undergoing cancer
treatment; (vi) being able to read and understand a con-
sent form and complete survey instruments and medical
tests; and (vil) being able to complete the interview in
English or in a tribal language. All participants provided
written informed consent before engaging in the study.

The present study represents a secondary data analysis
consisting of information gathered from the two partici-
pating Lakota Sioux reservations in Western South Dakota
and the Gila River Indian Community in Arizona. This
analysis was approved by the local institutional Human
Subjects Division. Of the more than 5200 respondent
questionnaires collected in the Plains and Gila River
centres, 2843 were from women. We examined only
postmenopausal women in the present study because of
their greater risk for osteoporosis. Exclusions included
individuals with missing or non-plausible calcaneal BMD
values of =0 or >1-2g/cm® T scores <—4 or >4, and
soda consumption estimated at >24 servings (where
1 serving is 12 fluid ounces)/d. A total of 438 women
were available for analysis, of whom 287 or 66% were
from the South Dakota region. Mean age was 55 (sp 11)
years and directly measured BMI was 33+3 (s 7-7) kg/m”.
The mean T-score value of the calcaneus was —1-34 (sp
1-0) and soda consumption averaged about 1-7 servings/d.
Physical activity of any type (e.g. household, occupation,
transportation and leisure) or intensity was estimated
at 186 min/week, whereas roughly 1336 min/week were
spent on sedentary activities.

were

Measures
An FFQ with culturally appropriate questions and food
types was developed using a computer-assisted technol-

ogy?”. This was to reduce difficulties in respondent
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portion size selection by using realistic pictures, as well as
to provide a large database of mixed dishes commonly
eaten in the AIAN culture®®?2% Nutrient values for 255
individual foods and beverages were assigned using Food
Processor Version 10-1 (ESHA Research, Salem, OR, USA).
A standard serving size was used to derive nutrients for
each food or beverage, such as 12 fluid ounces for
1 serving of soda. Regarding soda intake, respondents
were asked whether they had ‘regular soda with caffeine
(such as Coke or Mountain Dew)’, ‘regular soda without
caffeine (such as 7-Up or root beer)’, ‘diet soda with
caffeine’ or ‘diet soda without cafteine’. If the respondent
answered ‘yes’, they were directed to answer either
‘daily’, ‘weekly’, ‘monthly’ or ‘annually’ and then pick the
serving size shown in pictures representing 12 (the stan-
dard serving size), 13-24 or =24 ounces. Responses to
these queries were transformed to common units across
all participants and expressed as the number of 12-ounce
standardised servings/d.

A health, lifestyle and physical activity (HLPA) ques-
tionnaire was also developed and administered at the
same time as the FFQ. Major types of data collected in the
HLPA included physical activity levels, medical history,
reproductive history, cancer screening, over-the-counter
medicine use, health status, tobacco and alcohol use and
other health risk behaviours, environmental questions,
family history, socio-economic status and culture/tradi-
tional lifestyle questions. A quantitative ultrasound (QUS)
of the heel was performed to estimate BMD (g/cm?),
which was also converted to age- and sex-standardised
T scores, using a Hologic Sahara® Clinical Bone Sonometer
(Bedford, MA, USA).

Statistical analysis

Analyses were performed using the STATA IC statistical
software package version 10-0 (Stata Corp LP, College
Station, TX, USA). Descriptive data were calculated using
means and sp or percentages where appropriate. We used
the x* test to compare categorical variables and a ¢ test
or ANOVA for continuous variables between or among
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groups differing in osteoporosis status (see grouping in
this section below). Linear regression was used to
examine the association between soda consumption and
BMD. Adjusted regression models were constructed to
examine the associations between average daily soda
consumption and BMD after controlling for age alone,
BMI alone, age and BMI together, and all mediating
factors (i.e. addition of physical activity level, smoking
status and hormone use). Next, a dichotomous outcome
variable was created using cut-off points of BMD T scores
as defined by WHO®”, representing osteoporosis
(BMD =-2-5 g/cmz) and non-osteoporosis (i.e. normal
(BMD = —1-0g/cm?®) and osteopenia (BMD < —1-0 and
=—2-5g/cm?) combined). Logistic regression was used to
examine the association between soda consumption and
odds of osteoporosis. Adjusted logistic regression models
were constructed to examine the associations between
average daily soda consumption and odds of osteo-
porosis after controlling for other variables, as described
above. Parallel analyses were performed to examine
unadjusted and adjusted OR by the three T-score groups
using ordinal logistic regression. Statistical significance was
established using @ = 0-05 a priori for all analyses.

Results

Results of comparisons of the descriptive characteristics
of postmenopausal women with and without osteo-
porosis are presented in Table 1. There were no sig-
nificant differences between groups for leisure-time
physical activity, daily intake of P, Ca and vitamin D, and
smoking status (current smokers; 30% in osteoporosis
and 25'4% in non-osteoporosis groups, respectively;
P>0-05). However, women with osteoporosis were
significantly older and had significantly lower BMI, BMD
and average daily soda consumption levels than women
without osteoporosis (P<<0-05). In addition, fewer
women with osteoporosis reported current use of hormones
(8:3% in osteoporosis and 9:3% in non-osteoporosis

Table 1 Comparison of descriptive characteristics among postmenopausal American-Indian women by osteoporosist status

Osteoporosis (n 60)

Non-osteoporosis (n 378)

Predictor variables Mean SD Mean SD

Age (years) 62-4** 10-4 53-9** 10-7
BMI (kg/m?) 28-8** 5-7 34-0** 77
Soda (servings/d) 1-1* 1-9 1-8* 3-0
Physical activityt (min/week 179-3 433-9 187-0 3729
Bone mineral density (g/cm®) 0-3** 0-03 0-5** 0-1
Phosphorus (mg/1000 kcal) 536-4 123-1 526-2 115-6
Ca (mg/1000 kcal) 479-8 326-7 494-7 410-5
Vitamin D (.g/1000 kcal) 3-2 4-5 27 27

Mean values are significantly different by group: *P < 0-05, **P < 0-0001.

+Osteoporosis status was defined using calcaneal bone mineral density (BMD, g/cm?) T scores; osteoporosis for BMD = —2-5 and non-osteoporosis (normal

and osteopenia combined) for BMD > —2-5.

tThe physical activity variable represents total leisure-time activity of any intensity.
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Table 2 Unadjusted and adjusted regression coefficients among postmenopausal American-Indian women

Bone mineral density (calcaneus)

Predictor variables Unadjusted Adjusted Adjusted Adjusted Adjusted
Soda 0-00702** 0-00235 0-00572* 0-00152 0-00113
Age (years —0-00369** —0-00346** —0-00365**
BMI (kg/m?) 0-00356* 0-00307** 0-00305™*
Physical activityt 0-00001
Hormones (past) 0-03143*
Hormones (current) 0-04306*
Smoking (past) 0-00384
Smoking (current) —0-00673
*P<0-05, **P<0-0001.
tThe physical activity variable represents total leisure-time physical activity (min/week).
Table 3 Unadjusted and adjusted OR of osteoporosist among postmenopausal American-Indian women
Osteoporosis status

Unadjusted Adjusted Adjusted Adjusted Adjusted
Predictor variables OR OR OR OR OR
Soda 0-88 0-98 0-91 1-00 1-01
Age (years 1-09** 1-08** 1-08**
BMI (kg/m<) 0-88* 0-88™* 0-88**
Physical activityt 1-00
Hormones (past) 0-30*
Hormones (current) 0-71
Smoking (past) 0-97
Smoking (current) 110

*P<0-05, **P<0-0001.

+Osteoporosis status was defined using calcaneal bone mineral density (BMD, g/cm?) T scores; osteoporosis for BMD = —2-5 and non-
osteoporosis (normal and osteopenia combined) for BMD > —2-5.

tThe physical activity variable represents total leisure-time physical activity (min/week).

groups, respectively; P<<0-05). The results across the
three T-score groups (normal, 7 152; osteopenia, 1 226;
osteoporosis, 7 60) mirrored the results using the dichot-
omous outcome noted above, with significant differences
(P<0-05) among groups for age (increasing age from
normal to osteopenia to osteoporosis), BMI (decreasing
BMI from normal to osteopenia to osteoporosis), soda
(decreasing consumption of soda from normal to osteo-
penia to osteoporosis) and BMD (decreasing BMD from
normal to osteopenia to osteoporosis).

Results of the linear regression models are shown in
Table 2. In the unadjusted model, soda consumption
was positively and significantly associated with BMD
(P<<0-0001). In the age-adjusted model, soda consump-
tion was no longer significantly associated with BMD
(P>0-05), whereas age was negatively associated with
BMD (P<0-0001). In contrast, when adjusting for BMI
only, soda consumption and BMI were both significantly
and positively associated with BMD (P<0-05). However,
soda consumption was no longer associated (P> 0-05)
with BMD when adjusted for age and BMI; these
variables were both significantly associated with BMD
(P<<0-0001). Finally, in the full model, in addition to age
and BMI, past and current hormone use was positively
associated with BMD (P<0-05).

There were two minor differences in the results of
regression models when the sample was stratified by region.
First, among women in the Northern Plains, soda was
not associated with BMD in any of the regression models
(P>0-05). Second, among women in the Southwest, past
and current hormone use was not associated (P> 0-05)
with BMD in the fully adjusted model, although past
smoking was significantly associated (< 0-05) with BMD.

Results of the logistic regression models are shown in
Table 3. In all models, soda consumption was not associated
with odds of osteoporosis (P> 0-05). In adjusted models,
age was associated with higher odds and BMI with lower
odds of osteoporosis (P<0-00D). In the full model, in
addition to age and BMI, the only other factor significantly
associated with odds of osteoporosis was past hormone
use (lower odds, P<<0-:05). Results of the ordinal logistic
regression models are shown in Table 4. In contrast to the
logistic regression using a dichotomous outcome, soda
consumption was associated with the T-score group in
the unadjusted model and in the model adjusted for BMI
only (both P<0-05). In adjusted models, both age and
BMI were similarly associated with the T-score group
(P<<0-00D). In the full model, in addition to age and BMI,
the only other factor significantly associated with the T-score
group was past hormone use (lower odds, P<0-05).
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Table 4 Unadjusted and adjusted OR by T-score groupt among postmenopausal American-Indian women

T-score group

Unadjusted Adjusted Adjusted Adjusted Adjusted

Predictor variables OR OR OR OR OR
Soda 0-87* 0-93 0-88* 0-94 0-95
Age (years) 1-06** 1-06** 1-07**
BMI (kg/m?) 0-93** 0-93** 0-93**
Physical activityt 1-0
Hormones (past) 0-48*
Hormones (current) 0-61
Smoking (past) 1-08
Smoking (current) 1-08

*P<0-05, **P<0-0001.

+T score was defined using calcaneal bone mineral density (BMD, g/cm?); normal for BMD =—1-0, osteopenia for BMD < —1-0 and

>—2-5 and osteoporosis for BMD =—2-5.

$The physical activity variable represents total leisure-time physical activity (min/week).

Discussion

In this cohort of postmenopausal American-Indian
women, soda consumption was not independently asso-
ciated with either BMD or increased odds of osteoporosis.
On the other hand, age and BMI were both strongly
associated with odds of osteoporosis (increased and
decreased, respectively) in adjusted logistic regression
models. Neither factor had much effect on the other. The
OR for age and BMI was unchanged when each of these
factors was entered alone or in combination with soda
consumption. Even in the fully adjusted model, age was
still associated with an 8% increased and BMI a 12%
decreased odds of osteoporosis. Past hormone use was
the only other factor associated with odds of osteoporosis
in the fully adjusted model. Thus, both age and BMI,
alone or in combination, masked any effects of other
factors including soda consumption on odds of osteo-
porosis. Interestingly, soda consumption was significantly
associated with BMD when controlling for BMI alone, in
contrast to the logistic regression models using osteo-
porosis as the outcome measure. This difference is likely
because the dichotomised osteoporosis variable is based
on an age-adjusted T score of the raw BMD value.

The results differed somewhat when we examined OR
across the three T-score groups using ordinal logistic
regression. Soda consumption was significantly associated
with the T-score group in the unadjusted model and in the
model adjusted for BMI only, with essentially no change in
the OR for soda. Unlike the logistic regression approach
using a dichotomous outcome, these results suggest that
BMI does not explain the association between soda con-
sumption and the T-score group. Instead, age appears to
be the major confounder because the OR for soda changes
from 0-87 (significant) in the unadjusted model to 0-93
(not significant) in the model adjusted for age only, and
remains essentially unchanged (0-94, not significant) when
adjusted for age and BMI together.

These findings are relatively consistent with previous
research that shows that BMI may have a protective effect

on BMD or osteoporosis risk. Bones can adjust their
strength to a mechanical load by increasing their BMD or
cross-sectional size”*". In elderly women, a study asses-
sing the effect of BMI on femoral neck BMD confirmed that
a high BMI was protective®. In our analysis, increased
body weight was a major factor, as evidenced by a mean
BMI of roughly 34 kg/m? for the non-osteoporosis group,
a value well into the obesity range. However, whether
there is a threshold of BMI above which decreased mea-
sures of bone health are observed cannot be determined
from our data.

A previous analysis of the Framingham osteoporosis
study revealed a negative association between cola con-
sumption, including decaffeinated colas, and BMD in
women. However, our analysis was of soda in general and
our findings indicated a positive association of increased
soda consumption as related to higher BMI values'. Our
findings, in fact, were more similar to a study conducted in
white women revealing that, after adjusting for factors
including obesity, age, physical activity, menopausal status
and/or hormone use and smoking, soda intake lost sig-
nificance with respect to its association with BMD!®,

Results from the present analysis refute our initial
hypothesis. Soda consumption was not independently
associated with BMD nor was it associated with an
increased risk of osteoporosis derived from BMD T scores
in this cohort of American-Indian women. In fact, our
findings indicate that, before adjusting for age, BMI and
other lifestyle factors, soda consumption was significantly
and positively associated with increased BMD, but not
with risk of osteoporosis. However, this finding was likely
almost entirely because of the confounding caused by
age and increased BMI in this population. The present
study not only highlights the strong effect of increased
BMI on bone health, expressed as age-adjusted T-score
groups based on BMD values, but also provides evidence
for an association between soda consumption and higher
BMI in this cohort.

Although the nutrient of interest in soda was P, soda
consumption was not divided into those containing
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phosphoric acid in the original questionnaire. In the
present study, we only considered soda consumption
per se; however, we believe that most of the soda intake
was from beverages with a high phosphoric acid content.
Cola beverages, often a more popular choice, are more
likely to contain phosphoric acid, including diet cola
beverages, whereas non-cola beverages usually do not
contain phosphoric acid, with few exceptions. Further
research could include soda types consumed (i.e. those
containing phosphoric acid or not). However, when we
analysed the data separating soda consumption by caffeine
content, the effect was not significant between groups
(data not shown).

It is also noteworthy that 326 out of the original 2843
female respondents in the main data set did not answer
questions regarding soda consumption and were thus
excluded from further analysis. An additional twenty-
three respondents reported intakes of greater than
twenty-four, 12-ounce servings of soda/d, raising some
concern over the accuracy of reported intakes. Some
plausible explanations for this are that respondents had
difficulties in selecting accurate portion sizes or possibly
made repeated selections because of the page-changing
functionality of the computer-assisted FFQ. However,
these respondents were also excluded from further
analysis after data cleaning of non-plausible responses,
leaving a total sample size of 438 women after other
previously mentioned exclusions were made. Further,
there may still be some concern as to the accuracy of soda
intake in women reporting up to 24 servings/d, although
it is difficult to establish a threshold for what is considered
inappropriate or non-plausible soda intake.

The gold standard in the field of bone health is to
measure BMD of the hip and spine using dual-energy
X-ray absorptiometry (DXA). However, we performed
QUS of the heel to estimate BMD instead, which may
have introduced some measurement error. Nevertheless,
two large independent prospective studies have shown
that QUS at the heel can be used to predict future fracture
risk in older women, with a gradient of risk similar
to DXA measures, and hip fractures independently of
BMI®*** The advantages of high portability, low cost,
significantly shorter scan times and a reduced exposure to
radiation also made the use of QUS heel scans ideal for
this epidemiological cohort study.

Although higher BMI may possibly be protective of
BMD and osteoporosis risk, it is important to note the
well-established associations between higher BMI and
major health outcomes such as diabetes and CVD, espe-
cially in American-Indian populations. Data from the 2005
Indian Health Service indicate that 14:2% of American-
Indians and Alaska Natives aged =20 years who received
care from this organisation had diagnosed diabetes, with
rates varying by region, from 6-0% among Alaska Native
adults to a whopping 29:3% among American-Indian
adults in Southern Arizona. By comparison, data from the
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2004-2006 national survey indicate that only 6-6% of
non-Hispanic white women, 7-5% of Asian Americans,
10-4% of Hispanics and 11:8% of non-Hispanic black
women had diagnosed diabetes®”. Data also indicate
that the death rate due to heart disease was 20 % greater
among American Indians and Alaska Natives than among
all US races combined®®. Finding a balance between the
‘protectiveness’ of BMI on bone health and its increased
risk for diabetes and heart disease remains a challenge.
Our findings also support the need for a more sensitive
dietary instrument to detect relationships between indi-
vidual nutrients and BMD among American-Indian and
Alaska Native populations.
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