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Objectives
 Review biochemical structure, synthesis, and 

metabolism of vitamin D

 Discuss the “pertinent” functions of vitamin D

 The proposed mechanism of D effects on 
skeletal and cardiac muscle

 The relationship of Vitamin D to the 
incidence of falls

 Recommendations going forward
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NO DISCLOSURES OR 
CONFLICT OF INTEREST

Vitamin D: Structure and Function
 Vitamin D is a group of fat-soluble secosteroids that have 

multiple functions in the body.

 Discovered circa 1913

 Vitamin D3 is formed primarily in the skin from the conversion 
of 7-dehydrocholesterol to pro-vitamin D3 by UVB radiation 
from the sun

 It is then 25-hydroxylated in the liver and other tissues to 25-
OH vitamin D3 (cholecalciferol) by CYP2R1

 Normally there is enough 7-DHC to meet the body’s vitamin 
D requirements (about 25–50 mcg/cm2 of skin)                             

Am J Clin Nutr;67:1108–10.
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Vitamin D Structure and Function

Vitamin D Structure and Function

 UVB conversion to 25- OH D can be 
impaired by
 Melanin (pigmented skin)

 Clothing

 Sunscreen (recommendations to avoid sun 
exposure

 Institutionalized elderly with little sun exposure

 Obesity

 Seasonal variations
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Vitamin D Structure and Function

 25-OH vitamin D is then metabolized to the 
“active” hormonal form known as  1,25 
dihydroxyvitamin D [1,25(OH)2] by the 
kidney and other tissues (calcitrol)

 This conversion takes place in the kidney 
by a 1a hydroxylase enzyme known as 
CYP27B1

Chem and Biol 21, March 20, 2014

Vitamin D Structure and Function

 Vitamin D2 (ergocalciferol)
 Vitamin D analogue synthesized in plants, mushrooms, and 

yeasts by the UVB conversion of ergosterol (plant steroid similar 
to cholesterol)

 Used in vitamin D fortification of foods

 Also converted to vitamin D3 in the liver

 Its molecular structure creates lower affinity for vitamin D 
binding protein in the blood, so clearance is faster than 
comparable amounts of D3.  It is falling out of favor for vitamin D 
supplementation for this reason.  Vitamin D3 is recommended 
for supplementation rather than vitamin D2

Chem and Biol 21, March 20, 2014
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Vitamin D Structure and Function
D2 – Ergocalciferol D3 - Cholecalciferol

Sources Diet Sun and Diet

Clearance Cleared more quickly Cleared more slowly

Potency Less potent More potent

Binding Affinity Lower affinity to DBP Higher affinity to DBP

Avaiability Prescription Over the counter (except 
high-dose forms)

Vitamin D: structure and Function

 Primary functions
 Facilitates absorption of calcium and phosphorus

 Promotes bone health

 Supports immune function

 Influences cell growth and development
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Common Food Sources of Vitamin D

Food/Serving Size Vitamin D Content (IU)

Salmon, 3.5 oz 400 

Mackerel 3 oz (canned) 211

Fortified mild, 8 oz 100

Fortified orange juice, 8 oz 100

Fortified cereal, 1 serving 100

Yogurt, 8 oz 100

Egg yolk, 1 20

Cod liver oil  1 tbsp 1360
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Classification of Vitamin D Levels

 25-OH Vitamin D
 Normal: 30-44 ng/ml

 Insufficiency: 10-30 ng/ml

 Deficiency: less than 10 ng/ml

 Some believe that the 30ng/ml cutoff for 
normal is not the most effective level for 
vitamin D at other receptors such as those 
found on skeletal muscle (36 – 40 ng/ml)

Fosnight, et al; Pharmacotherapy 2008; 28(2): 225-234

Falls in the Elderly

 Multifactorial geriatric syndrome

 >30% of pts >65y/o fall at least once/yr; 
10% result in serious injury

 50% of pts >80 yrs fall once/yr

 Leading cause of injury-related death in this 
age group

Fosnight, et al; Pharmacotherapy 2008; 28(2): 225-234
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Risk Factors for Falls

 Gait/Balance 
Problems

 Decreased Strength

 Lower extremity 
weakness

 Functional 
impairment (ADLs)

Fosnight, et al; Pharmacotherapy 2008; 
28(2): 225-234

 Medications

 Polypharmacy

 Depression

 Cognitive Impairment

 Female gender

 Osteoarthritis

 Orthostasis

Risk Factors for Falls

 Gait/Balance 
Problems

 Decreased Strength

 Lower extremity 
weakness

 Functional 
impairment (ADLs)

Fosnight, et al; Pharmacotherapy 2008; 
28(2): 225-234

 Medications

 Polypharmacy

 Depression

 Cognitive Impairment

 Female gender

 Osteoarthritis

 Orthostasis
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Muscle Changes With Aging

 Several studies have demonstrated 
generalized muscle weakness in patients 
with vitamin D insufficiency
 Decreased leg extension power

 Lower hand grip strength

 Difficulty climbing stairs

 Falls within the previous month

Fosnight, et al; Pharmacotherapy 2008; 28(2): 225-234

Muscle Changes With Aging
 Type I fibers

 Slow contraction time

 Low force generation

 Long duration of use (hours)

 Type II fibers

 Rapid contraction time

 High force generation

 Short endurance (minutes)

 Type II fibers are first responders to prevent falling
J Steroid Biochem Mol Biol, 2017; 173: 313-316
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Muscle Changes With Aging

 With aging, there is a general decline in muscle 
fibers (sarcopenia), but the decline in Type II 
fibers is greater than that of Type I fibers

 The discrepancy in the greater loss of Type II 
fibers is thought to be due to the overall decline 
of Type II stem cells with aging

 Age-related decline in muscle mass and 
strength lead to the increased risk of falling

J Steroid Biochem Mol Biol, 2017; 173: 313-316

Vitamin D and Muscle Function

 R.U. Simpson, et al
 Demonstrated the presence of receptors on muscle for 

1,25(OH)2 . 3 possible mechanisms whereby muscle function 
might be altered.

 Controlling calcium concentrations with a direct and primary 
action on muscle,

 Direct action on division of myoblasts and induction of 
differentiation to multinucleated, non-dividing myotubes

 Direct action on muscle to induce expression of specific 
genes thereby altering the use of calcium

J Biol Chem: 250(16); July 20, 1985
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Vitamin D and Muscle Function
 1,25(OH)2 is the ligand for the Vit D receptor (VDR) 

which is a transcription factor that binds to sites in the 
DNA called vitamin D response elements (VDREs)

 There are thousands of these binding sites regulating 
hundreds of genes in a “cell-specific” fashion

 The finding of VDRs in almost every tissue and the 
more recent finding of VDREs throughout the genome 
has stimulated more interest and research on the 
impact of Vitamin D and its analogues on many 
biological processes

Chem and Biol 21, March 20, 2014

Vitamin D and Muscle Function
 In patients with profound vitamin D deficiency, muscle 

biopsies have demonstrated atrophy of Type II muscle 
fibers

 The number of Vitamin D Receptors (VDRs) in skeletal 
muscle also declines with aging

 Recent studies have shown that vitamin D 
supplementation increases the number of VDRs in Type 
II muscle fibers with little change in Type I muscle fibers

J Steroid Biochem Mol Biol, 2017; 173: 313-316

J Clin Endocrinol Metab. 2013; E1927- E1935
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Vitamin D and Muscle Function
 Effect of Vitamin D on Falls: a meta-analysis; Bischoff, 

et al. JAMA  04/28/2004 

 Looked at overall efficacy of vitamin D in 
preventing falls via systematic review of the 
literature with a meta-analysis of RCTs (double-
blind, randomized)

 Medline and Cochrane Controlled Trials Register 
Jan 1960 – Feb 2004 and Embase Jan 1991 – Feb 
2004

 5 RCTs involving 1,237 participants
JAMA, April 28, 2004—Vol 291, No. 16

Vitamin D and Muscle Function

 Results
 Vitamin D reduced the corrected odds ratio of falling 

by 22% compared with patients receiving calcium or 
placebo

 NNT = 15

 Sensitivity analyses of 5 additional studies involving 
100,001 participants suggested that the effect size 
was independent of gender, calcium supplementation 
type of vitamin D or duration of therapy

JAMA, April 28, 2004—Vol 291, No. 16
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Vitamin D and Muscle Function

 Conclusion
 Vitamin D supplementation appears to reduce 

the risk of falls among ambulatory or 
institutionalized older individuals with stable 
health by more than 20%.  Additional studies of 
the effect of alternative types and doses of 
vitamin D, the role of calcium supplementation, 
and effects in men should be considered.

Vitamin D and Muscle Function
 Smith, et al: Medium doses of vitamin D decrease falls 

and higher doses of daily vitamin D3 increase falls: a 
randomized clinical trial
 Effect of vitamin D on falls follows a U-shaped curve whether 

based on dose or serum level of 25-OH vitamin D

 No decrease in falls at low Vit D doses of 400IU and 800 IU

 Significant decrease in falls at medium doses of 1600 IU, 2400 IU, 
and 3200 IU (p=0.020)

 No decrease on higher doses of 4000 IU and 4800 IU when 
compared to placebo (p= 0.55)

J Steroid Biochem Mol Biol, 2017; 173: 317-322
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Vitamin D supplementation to 
Prevent Falls

 What is the appropriate dose of vitamin D3 
for prevention of falls?
 1,000-2,000 IU per day (TUL = 4000IU/day IOM/ES)

 25-OH Vitamin D level <5ng/ml: 50,000IU/week for 
12 weeks followed by 50,000 IU/month for 6 months

 5-15 ng/ml: 50,000IU/week for 4 weeks followed by 
50,000 IU/month for 6 months

 15-30 ng/ml: 50,000IU/month for 6 months

 25-OH Vit D levels >40-50 ng/ml are not 
recommended

Take-Home Points
 Vitamin D3 (25-OH) supplementation improves 

muscle performance and reduces the risk and 
frequency of falls (22-37%) by 
 increasing the number of VDRs in skeletal muscle

 proliferation of muscle fibers 

 utilization of calcium in the muscle fibers

 thereby improving balance and gait disturbances.

 Appropriate dosing of vitamin D3 is 1000 – 2000 IU 
per day, or higher dosing based on serum 25-OH 
vitamin D levels
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Take-Home Points
 There are many who recommend against Vit D 

screening due to lack of standardization in testing and 
cost ($50-$220 per test)

 Measurement does not offer any outcome benefit over 
clinical assessment alone

 The USPSTF concludes that the evidence on screening 
for vitamin D deficiency in asymptomatic adults to 
improve health outcomes is insufficient and that the 
balance of benefits and harms of screening and early 
intervention cannot be determined.

Take-Home Points

 Consider screening for concern of toxicity
 5,000 – 10,000 IU Vit D per day

 Bottom Line:  spend less time and money 
screening for Vitamin D deficiency and 
proceed to treat those patients at high risk 
to reduce the risk of falls and other well 
known complications of vitamin D 
deficiency
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Addendum:
 The USPSTF recommends against vitamin D supplementation to prevent 

falls in community-dwelling adults 65 years or older.

 The USPSTF found adequate evidence that vitamin D supplementation has 
no benefit in preventing falls in older adults.

 Vitamin D receptors have been identified in various cell types, including 
skeletal muscle, and stimulation of these receptors promotes protein 
synthesis. Although it has been previously demonstrated that vitamin D or 
its metabolites may have a beneficial effect on muscle strength and 
balance, the current evidence shows no benefit in preventing falls. In 
addition, the Institute of Medicine (now the National Academy of Medicine) 
concluded that there may be a potential U-shaped relationship between 25-
hydroxyvitamin D serum levels and health outcomes, with serum levels 
greater than 125 nmol/L being associated with worse health outcomes.

JAMA. 2018;319(16):1696-1704. doi:10.1001/jama.2018.3097 

Addendum:
 The USPSTF concludes that the current evidence is insufficient to assess 

the balance of benefits and harms of screening for vitamin D deficiency in 
asymptomatic adults.

 The USPSTF found no studies that evaluated the direct benefit of 
screening for vitamin D deficiency in adults. The USPSTF found adequate 
evidence that treatment of asymptomatic vitamin D deficiency has no 
benefit on cancer, type 2 diabetes mellitus, risk for death in community-
dwelling adults, and risk for fractures in persons not selected on the basis 
of being at high risk for fractures. The USPSTF found inadequate evidence 
on the benefit of treatment of asymptomatic vitamin D deficiency on other 
outcomes, including psychosocial and physical functioning. Although the 
evidence is adequate for a few limited outcomes, the overall evidence on 
the early treatment of asymptomatic, screen-detected vitamin D deficiency 
in adults to improve overall health outcomes is inadequate
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Questions?


