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Not Salt But Sugar As Aetiological
In Osteoporosis: A Review
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The other ubiquitous
white crystal, sugar, may
lead to osteoporosis by
increasing inflammation,
hyperinsulinemia,
increased renal acid load,
reduced calcium intake,
and increased urinary
calcium excretion.
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Abstract

Salt has notoriously been
blamed for causing an increase
in the urinary excretion of
calcium, and thus is a considered
a risk factor for osteoporosis.
However, the increase in the
urinary excretion of calcium with
higher sodium intakes can be
offset by the increased intestinal
absorption of dietary calcium.
Thus, the overall calcium balance
does not appear to be reduced
with a higher sodium intake.
However, the other ubiquitous
white crystal, sugar, may lead
to osteoporosis by increasing
inflammation, hyperinsulinemia,
increased renal acid load,
reduced calcium intake, and
increased urinary calcium
excretion. Sugar, not salt, is the
more likely white crystal to be a
risk factor for osteoporosis when
overconsumed.

Epidemiology of Osteoporosis

Osteoporosis is considered to
be a major concern for the elderly
population which is characterized by
decreased bone mineral density or
mineral content affecting both the
measures of bone quantity and quality.'
Reduction in the bone mass or its
architectural disruption often results
in an enhanced risk of fragility and
fractures.’

Osteoporosis-related fractures are
known to cause significant morbidity

leading to a permanent disability in

the elderly population which increases
the economic burden on the health
care system.3 Moreover, osteoporosis
is not only under-diagnosed but also,
under-treated even among those

who are at high-risk or who have

had previous fractures. Osteoporosis
not only leads to a decline in

quality of life (QOL) but also the
quality-adjusted-life-year (QALY)."
Therefore, osteoporosis is regarded
as an important worldwide public
health concern and its prevalence is
continuing to escalate, especially in
women and the elderly. It is estimated
that 200 million people are suffering
from the negative consequences of
osteoporosis globally.®

Approximately one quarter of
men and half of women over 50 years
of age will have an osteoporosis-
related fracture in their lifetime.
Indeed, 1.5 million fractures are
reported annually due to osteoporosis
related causes which includes 0.25
million wrist fractures, 0.3 million
hip fractures, more than 0.3 million
fractures at other body sites, and 0.7
million vertebral fractures.® These
fractures are associated with substantial
pain, morbidity, and even morta]ity.
Furthermore, a global increase in
longevity has lead to a significant rise in
the proportion of the population who
are at risk for osteoporisis.’

While, it is obvious that the
burden of hip fractures is increasing
globally, the greatest impact is observed
in Asia. It is hypothesized that due to

the increased number of senior citizens
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in Asia, the prevalence of hip fractures will rise to 37% in
2025 which was 26% in 1990.® Moreover, almost half of all
hip fractures are projected to occur in Asia, particularly in
China by the end of 2055.” Currently, 10 million Americans
have either experienced or have osteoporosis.'

Various factors play a vital role in the pathogenesis of
osteoporosis. However, the impact of salt or sugar on bone
health is not well known. The aim of this review paper was
to determine the impact of a diet high in salt and/or sugar

on bone health and osteoporosis risk.

Risk factors for Osteoporosis

Among the non-modifiable risk factors, older
age, gender, genetics, and ethnicity are associated with
osteoporosis. Reduced sunlight exposure, lower intake
of calcium-rich foods, as well as hypovitaminosis D are
modifiable risk factors for osteoporosis.”' Lower amounts
of estrogen can further decrease bone formation and
growth of new bone leading to osteoporosis. Hence, post-
menopausal women or women with low estrogen levels
during the reproductive years may be at a higher risk of
osteoporosis. 12

Dietary consumptions of sodium chloride (salt) and
excess protein are known to increase urinary calcium
excretion."” Therefore, a high salt intake is considered one
of the major risk factor for osteoporosis due to increased
calciuria."*'* The calciuria can be hypothesized to be partly
due to salt-induced volume expansion which might lead to
an increase in glomerular filtration rate (GFR), and partly
due to competition between sodium and calcium ions for
reabsorption in the renal tubule."” Therefore, low calcium
intakes may contribute to a compensatory response leading
to increased bone remodeling and bone loss, which might

be perpetuated by an increase in dietary salt consumption.

Association of salt with osteoporosis

There is a large fraction of body sodium deposited in
the bone,'® suggesting that bone might serve as a sodium
reservoir which is mobilized during homeostatic stress. Salt
also has a crucial role in maintaining positive magnesium
and calcium balance. If a reduction in serum sodium
occurs, the bone may be stripped of sodium (as well as
magnesium and calcium) to maintain normal serum sodium
levels. Indeed, a low-salt diet has been shown to lead to
negative calcium and magnesium balance which could
result in osteoporosis.'” Thus, a low-salt diet may cause
osteoporosis by stripping the bones of sodium, calcium, and

magnesium.

248 | 115:3 | May/June 2018 | Missouri Medicine

Theoretically, a high-salt diet may lead to
hypercalciuria. However, its effect on bone health is
unclear. Recent research indicates that a high-salt diet
may increase bone resorption among postmenopausal
women,'* however other studies have not found this to be
the case.”” Animal studies also suggest that elevated levels
of aldosterone may lead to magnesium and calcium loss
in the urine potentially leading to a loss of bone minerals
and bone strength.” Thus, a low salt diet, which increases
aldosterone levels, may harm rather than improve bone
health.

A previous study conducted on over 4,000
postmenopausal women from the Women’s Health
Initiative (WHI) concluded that, “Higher levels of sodium
intake and intakes above the WHI population median were
associated with significantly fewer hip fractures.”” There
are other studies which have not found any significant
association between sodium intake and bone mineral
density (BMD).**** Another previous study also concluded
that a high sodium intake may not be detrimental to bone
health in elderly patients whose dietary calcium intake is
adequate.”

A high sodium is consistently cited as a risk factor
for osteoporotic fractures, especially if the calcium intake

15:2527 However, the

or calcium absorption is also low.
regulation of sodium balance within the human body

is quite complex. Normal sodium levels are of utmost
importance and normal sodium intakes help to maintain
central blood volume and renal perfusion. Thus, sodium
levels in the body are tightly regulated by homeostatic
defense mechanisms primarily mediated by the renin-
angiotensin-aldosterone system (RAAS).

A lower sodium intake (< 3,000 mg per day) in an
average-weight adult can lead to low sodium levels in the
blood and activation of the RAAS both of which may induce
osteoclastic activity.”*** Osteoclasts resorb bone, and if
bone breakdown exceeds bone building this can lead to
osteoporosis. In experimental studies, it was shown that
activation of RAAS or an infusion of angiotensin II lead
to an increase in bone resorption with the absence of
angiotensin receptor type 1 being associated with greater
bone strength. It is interesting to note that greater salt
intake was found to be associated with a high bone mineral
densit 2!

Sustaining low sodium levels in blood are not only
potentially harmful for bone health but also seems to
increase the risk of cardiovascular morbidity and mortality.
In fact, even normal sodium levels at the lower-normal

range (136-138 mEq/L) significantly increases the risk



of major morbidity (cardiovascular complications) when
compared with the upper normal range of sodium (139-
143 mEq/1). "

Hyponatremia or low sodium levels in the blood is
most common electrolyte abnormality, and this condition
occurs frequently in the elderly population both in and
out of the hospital setting. Hyponatremia may lead to
unsteadiness, which predisposes to falls and injuries
particularly in older individuals.>*** For the e]der]y, falls
can be hazardous, as they can lead to fractures and even
death. A recent review paper noted that, “The increased
bone fragility together with gait instability makes chronic
hyponatremia a new risk factor for fractures, especially in
the elderly.””” The study even suggested that correcting even
minor hyponatremia may help to lower the risk of fracture
related events.” In fact, hyponatremia can potentiate the
increased risk of fractures after a fall by around four-fold.*

Studies conducted on animals indicate that chronic
hyponatremia can cause or accelerate the condition of
osteoporosis, organ dysfunction, and senescence.’**
Moreover, two cohort and case-control studies suggest a
significant association between osteoporosis or fracture

and hyponatremia,’®**!

and a recent case report described
a patient who had reversal of severe osteoporosis after
correction of chronic hyponatremia.*

Another way that hyponatremia may lead to weak
bones is by causing a deficiency of vitamin C. It is well
documented that vitamin C absorption in the intestine
depends on sodiu,.”*" Thus, hyponatremia may directly
or indirectly worsen the bone health by causing vitamin
C deficiency.” Interestingly, animal studies report that
hyponatremia is responsible for decreased activity of the
sodium-dependent vitamin C transporter, which not only
reduces the uptake of ascorbic acid into the bone but
also increases oxidative stress, which may also apply to

humans.*®

Sugar and Osteoporosis

The present literature suggests that nutritional
deficiency (both the undernutrition and over-nutrition)
may be a substantial risk factor for osteoporosis. The groups
that appears to be most affected by both overnutrition with
concomitant undernutrition are children and teenagers who
consume excess refined carbohydrates and added sugars.*
Adolescents who consume the greatest amounts of added
sugar may be particularly vulnerable to the detrimental
effects of dietary sugar on peak bone mass.

The regular consumption of soft drinks is a notoriously

high source of added sugar, and is associated with an
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increased in the risk of developing fractures which

may be in part due to the replacement of calcium-rich
beverages.*>" Studies have found that soft drinks lack
important nutrients.***! Furthermore, the intake of sweet
beverages, including non-carbonated fruit juices and
carbonated cola beverages, are significantly associated with
a higher risk of fractures. An increase of one-half of a

can per day of fruit juice and cola beverages, increased the
likelihood of developing bone fractures by 1.6-fold and 1.7-
fold, respectively"™

One study reported that the ingestion of 100 grams
of galactose and glucose in healthy subjects significantly
increased the urinary excretion of calcium, magnesium, and
potassium (suggesting an increased need for these minerals
after ingestion of sugar). The authors noted no effect of
sugar consumption on sodium excretion.*?

In another such study, by Lemann et al. it was observed
that despite inducing a reduction in glomerular filtration
rate leading to reductions in the rates of filtration of
calcium and magnesium, glucose ingestion augmented
urinary calcium and magnesium excretion. They further
hypothesized that the reason behind this augmentation
could be the inhibition of re-absorption of calcium and
magnesium within the tubules.*’

In a study conducted by Holl and Allen, there was
a signiﬁcant increase in both urinary calcium excretion
(peak at 1.5 hrs) and serum insulin levels after ingestion
of 2 gram/kg of sucrose. The reabsorption of calcium
from the renal tubules first decreased from 99.1% at 0
min. to 97.3% at 90 mins. The investigators noted that
sucrose consumption was responsible for an increase in the
urinary excretion of zinc and sodium, however the renal
re-absorption of zinc and sodium was not found to be
impaired. The possible reason was due to increase in serum
insulin levels, which might be responsible for inhibiting
calcium reabsorption in the tubules.*

Experiments in animals have observed urinary mineral
loss after the ingestion of dietary sugar.”>”’ Borle et al.*®
in their experiments on mouse metaphysis concluded
that addition of glucose to the medium lead to a dramatic
increment of bone lactate production. Lactic acid formed
from osteoclast metabolism of glucose may dissolve the
mineral salts from the bone and high glucose levels may
reduce osteoblast proliferation.’ Also, osteoclasts trigger
the production of hydrolases which can dissolve the organic
bone structures.®*®!

In a study conducted by Ericson in subjects after
consuming either 100gm of sucrose or glucose, a strong

positive association between calcium and magnesium
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excretion rates was observed (P <0.01 to < 0.001).%* This
study showed that the consumption of dietary sugar leads
to an increase in the urinary excretion of of both calcium
and magnesium. The authors wrote, “[...] the calcium

loss is not compensated for during the hours following the
calcium hyperexcretion shown by the results of Thom et

al. [...] which reported an average net loss of 40 mg Ca/
day during a week with doubled intake of sucrose and total
carbohydrate, and 100 mg Ca/day during a week with three-
fold intake.”®*

Furthermore, sugar consumption is also associated
with a decrease in the active form of vitamin D, leading to
a reduction in the intestinal absorption of calcius.”” Thus,
a diet high in sugar may drive both calcium and vitamin D
deficiency. The overconsumption of sugar may also impair
bone formation by causing high glucose levels in blood.**
Moreover, hyperglycaemia (which is commonly driven by
a diet high in sugar®) is associated with lower bone quality
and density.*

Another recent study concluded that dietary fructose
can be responsible for a reduction in calcium transport
in both the intestine and the kidneys due to reduced
levels of 1, 25 dihydroxy vitamin D3 (1, 25(OH) 2D3).
The hypothesis involved an increased expression of
24-hydroxylase (CYP24A1) and decreased expression of
la -hydroxylase (CYP27B1), suggesting that fructose might
enhance the renal catabolism and impairs the synthesis,
respectively, of 1,25-(OH)2D3."

Moreover, it is observed that a diet high in sucrose
decreases the formation of dentin®” and reduces the
mineralization®® during the primary dentinogenesis in rats.
As the dentin and bone formations share a common matrix
of calcium hydroxyapatite®” it might be logical to infer that
their osteoblastic activities may be similarly impacted by the
influences of a high sucrose diet.

Saffar et al. observed adverse sucrose-induced
changes that took place in the femurs of the young golden
hamsters.”” The researchers conducted another study where
they found that the effect of diet-induced osteoporosis
might involve not only the endosteal structure of bones
but also the bone remodelling process.”" According to the
findings derived from the experiments on rats, glucose
seemed to cause serious harm to the bones as compared to
dietary sucrose.”

Lorincz et al.”?

presented a study on 9-week-old female
C57BL/6 mice where they were given a high fat sucrose
(HES) diet for 10 weeks, and observed a detrimental
impact on bone structure with negative morphological

properties in cortical bone. Most of these effects were due
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Figure 1. Possible
mechanisms for how an
overconsumption of sugar
may cause osteoporosis.
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to the increased osteoclastic activity, which was associated
with an inflammatory environment. Moreover, long-term
ingestion of an HFS diet for 24 months in female rats, also
showed an adverse effect on the cortical bone, histology
of the vertebrae and femoral neck, along with changes in
mechanical properties.”’

In contrast to HES studies, there are some experiments
which used a fructose-rich diet (FRD) to forecast the
metabolic syndrome (MS) animal model, where they
assessed the consequences of FRD-induced MS on mice
particularly focusing the growth in area of long bone
histomorphometry and bone tissue regeneration.” Based
on these FRD experiments, the researchers concluded
that there was a 20% and 30% decrease in the osteocytic
density of femoral trabecular bone and in osteoclast-covered
(TRAP-positive) bone surface in the primary spongiosa,
respectively.

Another study conducted by Felice et al. also
evaluated the impact of FRD-induced MS on bone tissue
regeneration, and concluded that fructose ingestion not
only decreases the re-ossification, but also significantly
reduces the osteocytic density. The study also suggested that
further reduction of the osteoclastic activity particularly in
the lesion site, might lead to a decrement in bone formation
and remodelling. Moreover, it was also noted that the FRD-
induced MS might diminish the ex-vivo osteogenic potential
of marrow stromal cells (MSC) components and could lead
to an increase in the ex vivo adipogenic potential of MSC,



which may lead to a reduction in Runt-related transcription
factor (Runx?2) and an increase in Peroxisome Proliferator
Activator Receptorr y (PPAR y) expression under basal
(undifferentiated) conditions. All the above mentioned
data suggest that fructose can lead to a deleterious effect on
overall bone health.” The final mechanism that by which

fructose can lead to an overall negative impact on bone

health is due to insulin resistance and hyperglycemia.®>’*"

Indeed, diabetes and hyperglycemia are associated with
higher risks for osteoporosis, bone fractures, impaired
bone strength and bone remodelling. Figure 1 summarizes
the possible mechanisms whereby an overconsumption of

dietary sugar may lead to osteoporosis.

Conclusion

In summary it appears we have blamed the wrong
crystal: it’s not salt, but sugar that presents a greater risk
factor for osteoporosis. The overconsumption of dietary
sugar has the potential to increase the risk of osteoporosis
by: a) increasing the urinary excretion of both calcium and
magnesium, b) reducing the intestinal absorption of calcium
by lowering the levels of active vitamin D, and c) impairing
bone formation by reducing osteoblast proliferation
and increasing osteoclast activation as well as lactic acid

production.
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