
Vitamin D and Bone Health 2022: Is the Evidence
Pendulum Switching Backward on Its Benefits?
Hussein F. Saadi1,2,3

1Medical Subspecialties Institute, Cleveland Clinic Abu Dhabi, Abu
Dhabi, United Arab Emirates

2Department of Medicine, College of Medicine and Health Sciences,
Khalifa University, Abu Dhabi, United Arab Emirates

3Department of Medicine, Cleveland Clinic Lerner College of
Medicine of Case Western Reserve University, Ohio, United States

J Diabetes Endocrine Practice 2022;5:138–144.

Address for correspondence Hussein Saadi, MD, FACP, Professor,
Chair, Medical Subspecialties Institute, Cleveland Clinic Abu Dhabi,
UAE (e-mail: saadih@clevelandclinicabudhabi.ae).

Introduction

Vitamin D is a delightful hormone. It impacts several aspects
of bone health, metabolic function, neuromuscular function,
and possibly other functions.1 Vitamin D plays three key
roles in the bone; it helps with calcium absorption from food
in the intestine, ensures the correct renewal and minerali-

zation of bone, and helps to keep muscles strong, reducing
the risk of falling.1 In this concise review, we aim to review
the role of vitamin D in bone health, discuss the consequen-
ces of vitamin D deficiency and the use of vitamin D to
prevent and treat osteoporosis, and explore if the evidence
pendulum is switching back on the beneficial effects of
vitamin D supplementation on bone density and fractures.
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Abstract Objectives: This concise article aims to (a) review the role of vitamin D in bone health,
(b) discuss the consequences of vitamin D deficiency, (c) analyze the use of vitamin D to
prevent and treat osteoporosis and (d) explore if the evidence pendulum is switching
back on the beneficial effects of vitamin D.
Materials and Methods: A narrative nonsystematic review of the literature was done
thematically to answer the questions stated in the objectives above.
Results: A literature review suggests that vitamin D deficiency can be a real clinical
condition that warrants recognition and management, particularly in high-risk groups.
The optimal vitamin D level is likely more than or equal to 50 nmol/L (20 ng/mL). The
established consequences of vitamin D deficiency in adults include osteomalacia and
osteoporosis. Moreover, whether vitamin D supplementation reduces falls and frac-
tures in subjects with baseline vitamin D more than 50 nmol/L (20 ng/mL) is not
confirmed. However, vitamin D supplementation is still needed for patients with
osteoporosis and those at increased risk of vitamin D deficiency. Finally, there is no
justification for measuring 25-hydroxyvitamin D in the general population.
Conclusions: For patients at increased risk for osteoporosis, those with vitamin D
deficiency, or both, it remains reasonable to consider vitamin D supplementation (800–
1,000 IU/d or more), consistent with recommendations of multiple societies.
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Vitamin D Production

The synthesis, metabolism, and regulation of vitamin D are
shown in ►Fig. 1.2 A detailed discussion of these is beyond
the scope of this communication. The consequences of vita-
min D deficiency were recognized a long time ago, and there
are several early attempts at the prevention and treatment of
vitamin D deficiency and eradication of rickets. These in-
cluded supplementation with cod liver oil and ultraviolet
radiation in 1910.3 In sunless Lovozero, Russia, children used
to bathe in ultraviolet light to produce vitamin D for their
bones.4

Assessment of Vitamin D Status

Various methods are available for the assessment of vitamin
D status. This includes the measurement of total 25-hydrox-
yvitamin D (25-OHD), bioavailable 25-OHD [25-OHD not
bound to vitamin D binding protein (VDBP)], free 25-OHD
(circulating 25-OHD bound to neither DBP nor albumin), and
vitamin D metabolite ratio (25-OHD /24,25-dihydroxy vita-
min D). In clinical practice, vitamin D status can be assessed
by measuring the serum concentration of 25-OHD, which is
thebest indicator of vitaminD status. It has a circulating half-
life of 2 to 3weeks [compared to 4hours for 1,25 [OH]2D) and
1000x higher concentration.5 Free 25-OHD measurement
may prove useful when there is an alteration of VDBPs

such as pregnancy, cirrhosis, acute illness, hypoalbumine-
mia, sex hormone use, or genetic polymorphisms.6

Different authorities have debated the optimal 25-OHD
level. There is less disagreement about what constitutes
significant vitamin D deficiency (25-OHD level below 30-
nmol/L). ►Table 1 illustrates the cutoff points and criteria
for different vitamin D statuses as defined by the Institute of
Medicine (now named the National Academy of Sciences).
The Institute of Medicine Report of 20117 defines vitamin D
sufficiency at more lenient levels than the Endocrine Socie-
ty Clinical Guidelines in the same year (2011).5 Also, the
latter categorizes the deficiency subgroup into two sub-
classes: deficiency and moderate-to-severe deficiency. An
interesting observation was made on vitamin D levels in
traditionally living populations in East Africa8—35 pastoral
Maasai (age 34� 10 years; 43% male) and 25 Hadzabe
hunter–gatherers (age 35� 12 years, 84% male)] living in
Tanzania. They have skin type VI, have a moderate degree of
clothing, and spend most of the day outdoors but avoid
direct exposure to sunlight when possible. Their overall
mean 25-OHD concentration was 115 nmol/L with a range
of 58 to 171 nmol/L.

Causes of Vitamin D Deficiency

25-OHD deficiency can result from decreased formation or
abnormal metabolism. Abnormal vitamin D metabolism

Fig. 1 Production and regulation of vitamin D.
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could be due to defective 25-hydroxylation due to biliary
cirrhosis, alcoholic cirrhosis, and chronic use of anticonvul-
sants. In adults, osteomalacia can be caused by abnormal
vitamin D metabolism, defective 1-alpha 25-hydroxylation,
or inadequate target organ response to calcitriol, such as
Vitamin D-dependent rickets, type 2 (hereditary vitamin D-
resistant rickets), phosphate deficiency, and mineralization
defects.9,10

Decreased formation of vitamin D may result from low
dietary intake, inadequate sunlight exposure, and decreased
absorption. Vitamin D absorption can be impaired in all
malabsorption syndromes, postgastrectomy, small bowel
disease, and pancreatic insufficiency. On the other hand,
natural sources of vitamin D come from cutaneous produc-
tion and dietary intake. However, besides fatty fish and cod
liver oil, natural food contains a small amount of vitamin D.
Indeed, in comparison to sunlight, the diet provides less than
10% of the body’s vitamin D requirements in the best
circumstances.9,10

Consequences of Severe Vitamin D
Deficiency

The impact of vitamin D deficiency depends on the matu-
ration stage of the skeleton. Whereas it results in rickets in
the growing skeleton of children, it causes osteomalacia
and osteoporosis in adults. In general, vitamin D deficiency
has important consequences (►Fig. 2). The decreased cal-
cium absorption stimulates increased parathyroid hor-
mone (PTH) production, which results in decreased bone
mineral density and impaired neuromuscular function,
which jointly lead to an increased risk of fracture and its
acute and long-term consequences, as illustrated
in ►Fig. 2.2,10–14

Clinical Presentation of Osteomalacia

Osteomalacia may present with diffuse bone pain and ten-
derness, and muscle weakness. Alternatively, it may be

Table 1 Cutoff points and criteria for different vitamin D statuses as defined by the Institute of Medicine and Endocrine Society
(2011).

Status Institute of Medicine
Report 2011

Endocrine Society Clinical Guidelines 2011

Moderate-to-severe Deficiency _ <25 nmol/L (10 ng/mL)

Deficiency <30 nmol/L (12 ng/mL) <50 nmol/L (20 ng/mL)

Insufficiency 30–50 nmol/L (12–20 ng/mL) 50–75 mol/L (20–30 ng/mL)

Sufficiency above 50 nmol/L (20 ng/mL) 75–250 nmol/L (30–100 ng/mL)

Fig. 2 Consequences of vitamin D deficiency.
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asymptomatic and present radiologically as osteopenia (or
low bone density).15 Radiologic findings in osteomalacia
include reduced bone density with thinning of the cortex,
loss of radiologic distinctness of vertebral body trabeculae,
looser zones, or pseudofractures. On the other hand, labora-
tory findings in osteomalacia include low or low-normal
serum calcium and phosphate, variable increase in serum
alkaline phosphatase, elevated serum PTH, markedly de-
creased serum 25-OHD, and variable levels of serum 1,25
(OH)2-D.16

Treatment of Osteomalacia

The primary course of action is to correct the underlying
cause. In addition, calcium supplementation is empirically
given in a dose of about 2.0 gm of elemental calcium. The
type and dose of vitamin D supplements depend on the
underlying etiology.17,18 Prevention of osteomalacia is gen-
erally easily achieved through adequate calcium and vitamin
D intake by fortifyingmilk and other food itemswith vitamin
D and adequate exposure to sunlight.19

Vitamin D Supplements Controversy

There are some differences in the recommended dietary
allowance (RDA) for vitamin D in the recommendation of
the Institute of Medicine and Endocrine Society RDA for
vitamin D5,7 (►Table 2). In contrast, the Institute ofMedicine
suggested that supplementation with their recommended
doses has been shown to achieve the target above 50
nmol/L.7 However, the Endocrine Society argued for a higher
cutoff of 75 nmol/L for vitamin D sufficiency based on the
observation that PTH levels begin to plateau at 25-OHD levels
of 75 to 100 nmol/L.20 Also, the efficiency of intestinal
calcium absorption increases by 45 to 67%, with increasing
25-OHD levels from 50 to 80 nmol/L,21 and achieving this
level reduces major osteoporotic fractures by 33%.22

Impact of Oral Vitamin D Supplementation

Several studies addressed this question.22–28 The effect of
four monthly oral vitamin D3 (cholecalciferol) supplemen-
tation on fractures and mortality in older men and women
living in the community was evaluated in a randomized,
double-blind controlled trial (100 000 IU oral vitamin D3 or
placebo every 4 months over 5 years). Vitamin D (nmol/L)
reached 74.3� 20.7 in the treatment group versus

53.4�21.1 in the controls. The cumulative probability of
any first fracture according to treatment with vitamin D
(n¼1345) or placebo (n¼1341), based on Cox regression,
was lower by 22% in the treatment group; risk ratio 0.78 (95%
confidence interval: 0.61–0.99, p¼0.04).22

Later similar studies failed, however, to show such bene-
ficial effects. In the ViDA trial in New Zealand, the effect of
monthly high-dose vitamin D supplementation on falls and
nonvertebral fractures was examined (secondary and post-
hoc outcomes) in 5,108 community-resident adults aged 50
to 84 years who were randomized to receive vitamin D3 or
placebo.23 The baseline mean 25-OHD concentration was 63
nmol/L. Oral vitamin D3 was given in an initial dose of
200,000 IU, followed a month later by monthly doses of
100 000 IU or placebo for a median of 3.3 years (range, 2.5–
4.2 years). They found that high-dose vitamin D supplemen-
tation of 100 000 IU cholecalciferol monthly over 2.5 to 4·2
years did not prevent falls or fractures in this healthy,
ambulatory adult population.23

Similarly, the DO-HEALTH randomized clinical trial
looked at the effect of vitamin D supplementation, omega-
3 fatty acid supplementation, or a strength-training exercise
program on clinical outcomes in 2,157 adults aged 70 years
or older. Three-year treatment with vitamin D3 (2000
IU/day), with omega-3 fatty acids (1 g/day), or with a
strength-training exercise program did not result in statisti-
cally significant differences in improvement in systolic or
diastolic blood pressure, nonvertebral fractures, physical
performance, infection rate, or cognition.24 The mean base-
line serum 25-OHD concentration was 56�21 nmol/L in the
vitamin D treatment group, and 40% had levels below 50
nmol/L (12% had levels below 30 nmol/L). At year 3, partic-
ipantswhowere randomized to receive vitamin Dhad higher
mean serum concentrations of 25-OHD than the placebo
group (94 vs. 61 nmol/L, respectively). The number of
observed fractures in the 1,076 participants who were
randomized to receive vitamin D was (129 or 12%), which
was not significantly different from that in the 1,081 controls
(127 or 11.7%).24

Finally, the Vitamin D and Omega-3 Trial (VITAL) investi-
gatedwhether supplemental vitamin D3 (2000 IU/day), n�3
fatty acids (1 g/day), or both would prevent cancer and
cardiovascular disease in men aged 50 years or more and
women 55 years of age or older in the United States.25

Vitamin D supplementation did not prevent cancer or car-
diovascular disease, prevent falls, improve cognitive func-
tion, reduce atrial fibrillation, change body composition,

Table 2 The differences in the recommended dietary allowance (RDA) for vitamin D suggested by the Institute of Medicine (2010)
and the Endocrine Society (2011)

Institution Institute of Medicine (2010) Endocrine Society (2011)

Children 400 IU 400–1000 IU

Adults<50 600 IU 1500–2000 IU

Adults 51–70 600 IU

Adults 71 þ 800 IU 800 IU
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reduce migraine frequency, improve stroke outcomes, de-
crease age-related macular degeneration, or reduce knee
pain. There was, however, a significant 22% reduction in
autoimmune conditions (rheumatoid arthritis and psoriasis)
26 and a significant 17% reduction in advanced cancers
(metastatic or fatal).27

In the VITAL and Fracture Ancillary Study, incident
fractures were reported by participants on annual ques-
tionnaires and adjudicated by centralized medical-record
review. The primary end points were incident total, non-
vertebral, and hip fractures. Participants were not recruited
based on vitamin D deficiency, low bone mass, or osteopo-
rosis.28 This ancillary study revealed that supplemental
vitamin D3 did not result in a lower risk of incident total,
nonvertebral or hip fractures than placebo among generally
healthy midlife and older adults who were not selected for
vitamin D deficiency, low bone mass, or osteoporosis. In an
accompanying commentary, Cummings and Rosen 29 wrote
that “in this ancillary study and other VITAL studies, no
subgroups defined according to baseline 25-OHD level, even
below 50nmol/l (20 ng per milliliter), benefited from sup-
plements. Vitamin D3 did not reduce the risk of fractures
over a median follow-up of 5.3 years. The finding was
evident even in the 20% of the participants taking supple-

mental calcium at a dose of up to 1200mg per day. Thus,
there is no justification for measuring 25-OHD in the
general population or treated to a target serum level.”29

They also added, “A 25-OHD level might be a useful diag-
nostic test for some patients with conditions that may be
due to or that may cause severe deficiency. For example,
persons living in residential settings with little or no
sunlight exposure or malabsorption or those receiving
treatments for osteoporosis that might cause hypocalcemia
may benefit from vitamin D supplementation; the need for
measuring serum 25-OHD levels in these groups remains
uncertain. Otherwise, the use of the terms vitamin D
‘insufficiency’ and ‘deficiency’ should now be reconsid-
ered.” Similarly, Reid notes that “Current evidence suggests
that there is little reason to prescribe calcium and that
vitamin D should be targeted at those at risk of 25-OHD
levels less than 30 nmol/L (12 ng/mL).30 The threshold for
bone benefits occurs at a 25-OHD level above 30 nmol/L (12
ng/mL), which is easily exceeded with doses of vitamin D of
400 to 1,000 IU/day. At these levels, vitamin D supplements
have no known adverse effects and can be widely endorsed
for individuals at risk of deficiency. Supplement doses
greater than 2,000 IU/day should be used only in excep-
tional circumstances and with appropriate monitoring.”30

Fig. 3 Severity of vitamin D deficiency in Saudi Arabia compared to European Union (EU) countries based on references.32–34
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Although VITAL, DO-HEALTH, and ViDA trials provided a
decisive verdict on the issue of vitamin D supplementation in
the populations studied,23–27 we need to be careful in
extending the results to other populationswheremoderately
severe vitamin D deficiency is highly prevalent such as in the
Arabian Gulf countries.31 For example,►Fig. 3 demonstrates
that moderately severe 25-OHD deficiency (25-OHD below
25nmol/L) was more than 40% in Saudi Arabian men and
women compared to less than 15% in the European Union
(from the Helena Studywith participants fromGreece, Spain,
Italy, Hungary, Austria, France, Belgium, Germany, &
Sweden).32–34 Additionally, the respective proportion of
participants with serum vitamin D between 25 and 50
nmol/L were 87.8, 79.7, and 42%, respectively.32–34

Conclusions

For patients at increased risk of osteoporosis, those with
vitamin D deficiency, or both, it remains reasonable to
consider vitamin D supplementation (800–1,000 IU/day or
more), consistent with recommendations of the Endocrine
Society and National Osteoporosis Foundation as well as
Economical Aspects of Osteoporosis, Osteoarthritis and
Musculoskeletal Diseases.35 The literature is also support-
ive of the benefit of vitamin D supplementation for fall
prevention in vulnerable populations, such as those with
vitamin D deficiency, older adults living in institutions,
other older adults at high risk of fracture (such as a
previous history of falls and problems with mobility, gait,
or balance).36
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