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Musculoskeletal Complications Associated with
Vitamin D Deficiency and Review of Current
Interventions

Vikramaditya Rai

Absiracl- Background: Hypovitaminosis D is commonly
prevalent in older population world over leading to increased
levels of bone resorption, reduced bone mass, often resulting
inosteoporosis and increased chances of falls and fractures. In
children, vitamin D deficiency is known to cause rickets due to
hypomineralization of bone.

Methods: PubMed, EMBASE, Cochrane Library and Google
Scholar databases were searched from database inception
untii May 20, 2022. Searches were performed between
January 2022 and May 2022.

Resuits: Although vitamin D is used for better bone health in
general population, data from randomized controlled trials
(RCTs) have been inconsistent. We studied whether daily
vitamin D supplementation with or without calcium improves
bone mineral density (BMD) and bone architecture.
Supplementation with vitamin D for 3 to 5 years minimally
decreased total fracture incidence, but findings were not
precise. Supplementation of vitamin D with calcium for 3 to 5
years had no significant effect on total fracture incidence or
hip fracture incidence in men and women. Pediatric vitamin D
status is associated with avoidance of rickets. Observational
studies point to atleast 10ug/day vitamin D supplementation
for attaining optimum bone health in children, but the results of
RCTs have been unclear. However, despite 10 RCTs reported
on adolescent girls, the definitve amount of vitamin D
supplementation and its association with optimal bone
mineralization remains ambiguous and not much is known
regarding the needs of male children.

Conclusion: The available evidence from completed RCT
studies provided only limited or no support for the effect of
vitamin D alone on prevention of fracture. However, vitamin D
supplementation combined with calcium seemed to slightly
reduce the likelihood of fractures. RCTs assessing the effects
of higher daily doses of vitamin D on fracture risk are needed
before making recommendations on the use of vitamin D
alone or in combination with calcium for the prevention of
fractures in high risk individuals. Specific vitamin D
supplementation to optimize the pediatric outcomes is
unknown, but doses 10- 15 ug/day are safe and may be
beneficial.

Keywords: vitamin D, musculoskeletal, osteoporosis,
rickets, bone fracture, bone density.

I. [NTRODUCTION

ypovitaminosis D is widespread and represents a
serious health problem globally. Approximately

one billion people worldwide suffer from vitamin
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D deficiency and nearly 50% of world population is
vitamin D insufficient [1] It was discovered about a 100
years ago that ultra violet radiations of the sun
stimulates the conversion of cholesterol into vitamin D.
Being a prohormone, vitamin D plays a vital role in
controlling calcium an phosphorus metabolism, and
thus is essentially crucial detriment of bone health in
people of all age groups. Aging is closely associated
with changes in lifestyle, biological and socio-economic
changes. Studies have indicated that dermal capacity to
synthesize the vitamin in people after 65 years is
estimated to be about 25% of that in people of ages 20 -
30 years on exposure to the same amount of sunlight
[2]. This reduction is related to the reduction in the
concentration of skin 7- dehydrocholesterol. Other
secondary factors which contribute to lower
concentration of vitamin D, in elderly people, include
decreased physical activity, reduced exposure to sun as
more time is spent indoors, or increased use of
sunscreen lotions [3].

The role of vitamin D as mineral supplier in
normal bone and dental development is well established
[4]. Calcium is absorbed from the gut when active
vitamin D metabolite 1,25(0OH),D opens up calcium
channels in the gut, stimulating the formation of calcium
binding protein in the intestinal cells (Fig. 1). Once
sufficient vitamin D and calcium are available, optimal
circumstances for bone mineralization are created.
However, when there is vitamin D deficiency the
1,25(0OH),D concentration drops, as a result, less
calcium is available for bone mineralization (Fig.2). the
parathyroid hormone(PTH) level increases resulting in
hydroxylation of 25(OH)D in the kidney to 1,25(0OH),D.
Increased PTH level in turn stimulates bone turnover,
leading to bone loss [5]. When there is prolonged
vitamin D deficiency, bone loss is increased, thus
leading to osteoporosis. Higher turnover bone means
more osteoid tissue (the bone which has not yet
mineralized) which causes more than normal
remodeling on the bone surface. As a result, the
mineralized bone contains less mineral as mineral
accumulation takes place upto two years after osteon
formation. In case of severe prolonged vitamin D
deficiency the volume of osteoid tissue accumulates to
more than 5% leading to osteomalacia. Generalized and
progressive decrease of skeletal muscle mass and
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strength are the major musculoskeletal consequences older individuals directly interferes with changes in
associated with vitamin D deficiency. Hypovitaminosis in  musculoskeletal system [6]
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Figure 1: Vitamin D synthesis in the body in normal healthy adult.
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Figure 2: Pathophysiologic pathways of vitamin D deficiency causing osteoporosis, osteomalacia, falls and
fractures.

Among children, the most severe form of
vitamin D associated disease is Rickets. Rickets occurs
when hypocalcemia and/or hypophosphatemia affect
the development of the epiphyseal growth plate and is
most common in infancy. Nutritional rickets is most
common in children in the Middle East, Africa, and
South Asia and its prevalence is now increasing in high-
income countries, largely governed by inflow of
immigrant populations.

1. PURPOSE OF REVIEW

Osteoporosis, osteomalacia and rickets are
common musculoskeletal diseases associated with

vitamin D deficiency among aging global populations
and children irrespective of race, region, sex, age and
ethnicity. Changing population demographics, il
planned implementation  strategies, and weak
prevention policies are the chief hurdles in overcoming
the vitamin D associated complications. This article
reviews sustainable prevention strategies and identifies
areas of future research.

III.  MATERIALS AND METHODS

We searched PubMed, EMBASE, Cochrane
Library and Google Scholar databases using MeSH
terms “vitamin D”, “cholecalciferol”, “osteoporosis”,
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“osteomalacia”, “Rickets” using logical operators “AND”
or “OR”. We selected observational studies and RCTs of
risk of fractures and change in BMD associated with
vitamin D  supplementation Vs. placebo or
recommended dose Vs. high dose alone or in
combination with calcium. Literature search was
conducted from January 2022 to May 2022. Two
reviewers were involved in data acquisition, two were
involved in quality assessment for their inclusion in
proposed observational studies and one reviewer
combined the results of earmarked studies to obtain the
summary of effects.

a) Vitamin D and Osteoporosis

Global statistics indicate that more than 200
million people are currently suffering from osteoporosis
[7], a metabolic bone disease with low bone density and
weak musculoskeletal architecture increasing the risk of
fractures due to inadequate bone mineralization and
decreased bone strength [8]. With more than 8.9 million
fractures per year, osteoporosis is a worldwide concern.
Although osteoporosis is typically associated with post-
menopausal women, it also occurs in men with low BMD
[9]. One in five American males have osteoporosis or
low BMD [10]. The condition often remains undiagnosed
due to being asymptomatic until it exhibits a fracture of
the hip, pelvis, humerus (proximal), spine or wrist
requiring hospitalization [11]. In addition, elderly people
can also become bedridden thus leading to serious
outcomes including mortality [12].

Primary ~ Osteoporosis:  Primary  osteoporosis  is
associated with age and sex hormone deficiency. Age
related osteoporosis is the resultant of continuous
deterioration trabeculae in bone. Moreover, there is a
significant increase in bone loss due to the reduced
production of estrogen in post-menopausal women. In
men, as aging occurs, testosterone and estrogen are
inactivated by sex hormone binding globulin, thereby
contributing to decrease in BMD with time [10,12,13,14]

Secondary osteoporosis: Several comorbid diseases
and medications cause secondary osteoporosis. This
may be attributed to the imbalance in regulatory
mechanisms  of  calcium,  vitamin D and
hormones[10,15]. In addition, when patients are
suffering from some inflammatory diseases such as
rheumatoid arthritis, they are put on long-term gluco-
corticoid therapy and have been associated with
secondary osteoporosis [14,16]. For men, excessive
use of alcohol and hypogonadism are more commonly
associated  with  osteoporosis  [17].  Whereas,
osteoporosis in 32.4% women was attributed to
hypercalcaemia, malabsorption of calcium,
hyperparathyroidism, Cushing’s disease, and
hypocalciurichypercalcemia [18]. However, disorders of
calcium metabolism and hyperparathyroidism
contributed to 78% of secondary causes [19].
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b) Vitamin D and Rickets

During childhood and adolescence
hypovitaminosis D is mainly attributed to poor and
unbalanced diet. During the initial years of life, absence
of adequate sun exposure or vitamin D supplementation
is an important risk factor for vitamin D deficiency [20],
while, in adolescence, fast food and junk food are the
relevant risk factors. Signs and symptoms associated
with rickets include bowing of legs, knock knees, rachitic
rosary, muscle weakness, seizures, tetany and
cardiomyopathy. Radiographic findings reveal cupping,
fraying and splaying of metaphysis near the epiphyseal
growth plate. Muscle weakness and muscle pain has
also been described in vitamin D deficiency associated
bone disease [21,22,23].

90 % of adult bone mineralization is
accumulated by the end of adolescence [24].
Furthermore, vitamin D status in adolescence may be of
great significance because 40% of adult bone
mineralization occurs within this time of peak bone
growth velocity [25]

[V. RESULTS AND DISCUSSION

Vitamin D status is related to BMD in vitamin D
deficient as well as vitamin D insufficient subjects. In this
review article, several studies exploring the relationship
of serum 25(0OH)D and BMD have been described and
analyzed. In addition, the cross sectional studies
conducted to find the effect of vitamin D
supplementation on bone turnover and prevention of
fractures have also been discussed to affirm the effect
of vitamin D supplementation on bone health in children
as well as in the aging population. Some meta-analysis
show that calcium should be added to vitamin D in order
to be effective in reducing the risk of hip fracture [26].
Whereas, another  meta-analysis  of  calcium
supplementation  studies  suggested that co
supplementation may increase the risk of cardiovascular
disease. [27].

According to one study [28], men and women
between ages 50-55 years were supplemented with
vitamin D3 (2000 IU/day for 2 years) without calcium,
compared with placebo did not significantly benefit
bone density or structure in this study. Supplemental
vitamin D3 did not increase BMD or prevent bone loss at
the spine, hip or whole body. It also did not improve or
adversely affect total, trabecular, or cortical BMD,
cortical thickness or bone strength at the radius or tibia
as compared to placebo.

Another RCT study [29] consisting of 53% men
and 47% women with average age of 62.2 years were
administered with vitamin D for 3 years at a dose of
4000 IU/day or 10000 1U/day compared with 400 IU/day
resulted in statistically significant lower radial BMD, tibial
BMD was significantly lower only with 10000 IU/day
dose. No significant differences were reported in bone



strength at either the radius or tibia. These findings do
not support the benefit of high dose of vitamin D
supplementation for bone health.

According to still another RCT conducted in
England [30], three different doses of vitamin D (12000,
24000, 48000 1U/ month), were tested for their effect on
BMD on individuals > 70 years of age for one year. No
difference in BMD between three doses of vitamin D
suggests no effect of the intervention. However,
parathyroid hormone concentrations decreased in all
three groups, with significantly greater decrease in
48000 U group (p<0.01). the treatment was safe and
effective in increasing plasma 25(0OH)D concentrations
with no dose related adverse effects. Further, two RCTs
that assessed very high annual doses of vitamin D, both
showed an increase in the rise of fractures and falls
among those allocated to vitamin D group [31,32]
reinforcing the conclusion that intermittent dosing
regimens with high dose of vitamin D cause toxic
effects.

A number of observational studies of blood
25(0OH)D  concentration and risk of  fracture
demonstrated that higher blood 25(0OH)D
concentrations were associated with lower risks of any
fracture and hip fracture. An increase of 10.0 ng/ml in
25(0OH)D concentration was associated with a 7% lower
risk of any fracture and 20% lower risk of hip fracture
[33]. The same comparative study of RCTs
demonstrated that vitamin D and calcium demonstrated
a marginally significant reduction in the risk of any
fracture of 6% and hip fracture of 16%. However, 95%
Cls indicated some uncertainty of these estimates. As
with RCTs of vitamin D supplementation alone, this
study demonstrated no beneficial association with risk
of fracture. However, elucidation of the results of these
RCTs is restricted by their small sample size, short
treatment duration, high risk of bias (chiefly because of
incomplete follow up of outcomes), fragmented dosing
regimen of vitamin D, and failure to achieve adequate
differences in 25(OH)D concentrations.

Randomized controlled trials of vitamin D
supplementation to optimize bone health have been
performed in adolescents and mostly in females. Two
review studies (34, 35) by the same authors concluded
that vitamin D supplementation demonstrated no
significance effect on total body mineral content (BMC)
or bone mineral density of hip or fore arm. Another study
in girls who were less than 2 years past menarche
showed improvement in total body and lumbar spine
BMC with vitamin D supplementation [36].

Another area of potential consequence of
vitamin D deficiency in pediatric bone health is the risk
for fracture. One study has examined the potential
association of vitamin D deficiency and risk of fractures
in children [37], while a cross- sectional study of 10 to
16 years old children, those with upper limb fracture,
lower limb fracture and no fracture demonstrate no

significance difference in 24(OH)D status [38]. In a case
control study of 5 to 9 years old African American
children, compared to 74 controls, the 76 cases
exhibited 3.64 (95% Cl 1.09 — 10.94) higher odds of
vitamin D deficiency [39]. A study of children under 2
years of age who were admitted with fractures, 11 of 79
demonstrated hypomineralization on skeletal findings.
For every 10 point increase in vitamin D status, the
adjusted odds of hypomineralization were reduced 0.3
(95% CI 0.17 — 0.82) [40]. According to a recent RCT
study findings, vitamin D sufficient children, at the age of
6 months, from mothers receiving high dose of vitamin
D supplementation (2800 IU/day) during pregnancy had
a 60% reduced incidence of fractures compared with
vitamin D insufficient children from mothers receiving
standard dose (400IU/day) [41]. Same study also found
that serum 25(0OH)D concentration indicate whole body
mineralization was higher in vitamin sufficient children at
age 6 years, with the greater effect in vitamin D children
from mothers receiving high dose of vitamin D. Thus
indicating that childhood vitamin D sufficiency improved
bone mineralization and in combination with pre-natal
high dose vitamin D supplementation reduced the risk of
fractures.

V. CONCLUSION

Randomized clinical trials have demonstrated
that vitamin D with or without calcium can increase
BMD, decrease bone turnover and subsequently
decrease fracture incidence. It is not known whether
vitamin D is effective in vitamin D deficient or insufficient
older individuals, or in complete older population. The
dose response relationship is unclear. Meta-analysis of
ongoing studies assessing the effects of higher daily
doses of vitamin D on fracture risk are needed before
making recommendations on the use of vitamin D for
prevention of fractures. Some meta analysis favor the
addition of calcium to vitamin D regimen. However
further trials are needed to assess the efficacy and
safety of higher daily doses of vitamin D with calcium
for fracture prevention among older individuals with
frailty or among other high risk groups with low vitamin D
status. Due to the availability of limited data of the
association  of vitamin D with  osteoporosis,
osteomalacia and fracture risk, further exploration is
required especially for vitamin D deficient high fracture
risk population. Another question that needs to be
addressed is whether vitamin D should be prescribed to
all elderly or tailored to risk groups. Having said that, the
optimal dose may differ between individuals i.e in case
of different genetic polymorphism, chronic diseases and
co- medication.

As the amount of research investigating vitamin
D needs of children, unfortunately, the answers have
become more unclear. Vitamin D deficient rickets is a
disease with severe morbidity that responds well to
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vitamin D supplementation. Osteomalacia and bone
hypomineralization, not of the magnitude of rickets, is
more difficult to be diagnosed, therefore study of its
response to vitamin D supplementation is challenging.
Observational studies in children point to atleast
10ug/day vitamin D supplementation to achieve optimal
bone health, but results of RCTs have not been clear.
Vitamin D have been found to play a significant role in
immune function especially in auto immune functions,
infections, and allergic disease, but again the trials of its
supplementation have little to prove the hypothesis. Due
to these study results and other related issues, national
and international guidelines are being restructured to
reflect this ambiguity and provide less injunction
regarding vitamin D supplementation after infancy.
Attention to standard 25(OH)D concentration and
investigation of genetic or other individual variations in
vitamin D metabolism hopefully will identify the cause of
these discrepancies in research results.
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