Clear benefits of vitamin D in bone health
notwithstanding, advise your patients to avoid
excessive intake because it can cause harm.
See “More is not necessarily better,” page 49.
]
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How much vitamin D should
you recommend to your
nonpregnant patients?

O Two experts explain what’s known about vitamin D,

review the guidance offered to clinicians by the Institute

of Medicine, and offer concrete recommendations
for vitamin D intake and supplementation

Emily D. Szmuilowicz, MD, MS, and JoAnn E. Manson, MD, DrPH

o question: Vitamin D plays a vital
role in bone health. In recent years,
the possibility that it plays a role in
other aspects of health has prompted con-
siderable speculation, fueled by both wide-
spread media coverage and dissemination of
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to conduct the VITamin D and OmegA-3 Trial
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D and omega-3s in the prevention of cancer and
cardiovascular disease.
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conflicting information about the potential

nonskeletal benefits of high-dose vitamin D

supplementation. Controversy has emerged

about:

o the appropriate criteria for defining vita-
min D deficiency

¢ the extent to which vitamin D influences
nonskeletal health conditions

o the optimal level of vitamin D supplemen-
tation.

In 2010, the Institute of Medicine (I0OM)
released a report that provided recommen-
dations for vitamin D intake, which were
also summarized in a recent article for cli-
nicians."? The IOM report provided much-
needed clinical guidance, but it has also
fueled additional questions.

This article describes the IOM recom-
mendations, explains what we know now
about the effect of vitamin D on various
health outcomes, and offers concrete recom-
mendations on vitamin D measurement, in-
take, and supplementation (see page 50).

How is vitamin D metabolized?

Vitamin D is produced endogenously in the
skin in the form of vitamin D3 (cholecalcif-
erol). It also can be ingested exogenously in

Vol. 23 No. 7 | July 2011 | OBG Management

IN THIS
ARTICLE

More “D” isn’t
necessarily better
page 49

]

How the Institute of
Medicine formulated
recommendations
page 50

]

Vitamin D and calcium
reference intakes for
adults, by life stage
page 52

Hear Dr. Szmuilowicz
discuss treatment

recommendations, at
obgmanagement.com

45



Key points about vitamin D

¢ Vitamin D plays a vital role in bone health

¢ The Institute of Medicine released a 2010 report that provided
public health recommendations for vitamin D intake based on
bone health outcomes

Many observational studies have reported a relationship between

vitamin D insufficiency and adverse nonskeletal health outcomes,
including cardiovascular disease, cancer, diabetes, and autoim-
mune disorders, but evidence from randomized clinical trials on
the potential nonskeletal benefits of vitamin D is sparse

e Excessive vitamin D intake should be avoided because of the po-
tential for harm and the lack of evidence from well-designed clini-
cal trials that vitamin D intake beyond the recommended amount
affords greater skeletal or nonskeletal health benefits

¢ Among women who have an increased risk of vitamin D insuf-
ficiency or bone loss, 250HD concentration should be measured
and vitamin D supplementation should be provided as necessary
to achieve the target 250HD level

FAST
TRACK

Women of color have
an increased risk of
vitamin D deficiency
as a result of greater
skin pigmentation.
Obesity is another
risk factor for
vitamin D deficiency.
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the form of vitamin D3 or vitamin D2 (ergo-
calciferol). Cutaneous synthesis of vitamin D
is stimulated by solar ultraviolet radiation.

Vitamin D2 and D3 are hydroxylat-
ed in the liver to form 25-hydroxyvitamin
D (250HD). Measurement of the serum
250HD level is thought to be the most re-
liable indicator of vitamin D exposure.?
250HD is hydroxylated again, primarily in
the kidneys, to the most active form of vita-
min D (1,25-dihydroxyvitamin D).

The adverse skeletal effects of severe
vitamin D deficiency are well established;
those effects include calcium malabsorp-
tion, secondary hyperparathyroidism, bone
loss, and increased risk of fracture. In this
setting, secondary hyperparathyroidism re-
sults from both decreased gastrointestinal
calcium absorption and decreased suppres-
sion of parathyroid hormone (PTH) produc-
tion by the parathyroid glands from vitamin
D metabolites. Secondary hyperparathyroid-
ism leads to increased bone resorption and
bone loss. Rickets, osteomalacia, hypocalce-
mia, hypophosphatemia, muscle weakness,
and bone pain are less common effects that
can occur with severe vitamin D deficiency.

It is worth noting that women of color
are at increased risk of vitamin D deficien-
cy as a result of greater skin pigmentation.?
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Obesity is also a risk factor for vitamin D de-
ficiency.® Additional risk factors for vitamin
D insufficiency are listed in TABLE 1.

How should vitamin D
insufficiency be defined?
Biochemical criteria for defining vitamin D
insufficiency vary. That makes it difficult to
estimate the prevalence of vitamin D insuf-
ficiency.

Severe vitamin D deficiency is com-
monly defined as a serum 250HD level be-
low 10 ng/mL.? Vitamin D insufficiency has
been variably defined as a serum 250HD
level below 20 to 32 ng/mL,** and the lower
limit of normal in most clinical laboratories
is now typically 30 to 32 ng/mL. Many pa-
tients become concerned when their serum
250HD level is flagged as “low” on a labora-
tory report, and it’s likely that you are called
on from time to time to interpret and make
recommendations about the appropriate re-
sponse to this “abnormal” finding.

The broad definition of vitamin D insuf-
ficiency stems, in part, from the assessment

Risk factors for
vitamin D insufficiency

Obesity

Dark skin pigmentation

Decreased sun exposure
¢ Lack of outdoor activity
e |nstitutionalization
¢ Wearing of protective clothing
* Regular, conscientious use of sunscreen

Low dietary intake of vitamin D
Malabsorption of ingested vitamin D
Increased hepatic degradation of
25-hydroxyvitamin D
¢ Use of anticonvulsant medications
¢ Antituberculous therapy

Decreased hepatic hydroxylation of
vitamin D (occurs only with severe
hepatic disease)

Impaired renal hydroxylation of vitamin D
(renal insufficiency)

Osteoporosis or osteopenia
|
CONTINUED ON PAGE 49
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of a wide range of outcomes. Measures that
have been used include fracture risk, cal-
cium absorptive capacity, and the serum
concentration of PTH. In regard to calcium
absorption, most studies suggest that maxi-
mal dietary calcium absorption occurs when
the 250HD level reaches 20 ng/mL, although
some studies suggest a higher threshold.'?

The optimal level of 250HD for PTH
suppression remains unclear. Several studies
have suggested that the PTH level increases
when the 250HD concentration falls below
30 ng/mL,** although this threshold has var-
ied substantially across studies.®

How prevalent is vitamin D
insufficiency?
Estimates of the prevalence of vitamin D in-
sufficiency vary by the criteria used to define
the condition. A recent report using data
from the National Health and Nutrition Ex-
amination Survey (NHANES) estimated that
approximately 30% of US adults 20 years
of age or older have a 250HD level below
20 ng/mL, and more than 70% of this age
group has a 250HD level below 32 ng/mL.’
The IOM committee noted that sev-
eral reports have most likely overestimated
the prevalence of vitamin D insufficiency
through the use of 250HD cut points higher
than 20 ng/mL.

The data on vitamin D
insufficiency and skeletal health
Many studies have examined the relation-
ship between vitamin D supplementation
or the 250HD level and fracture risk, and
conflicting results have emerged. Many trials
have examined the combination of calcium
and vitamin D supplementation, the effects
of which are tightly interwoven, confounding
interpretation.

Interpretation of large observational
studies is further confounded by the in-
ability to attribute association to causation.
In the Women’s Health Initiative (WHI)
study of calcium with vitamin D, treatment
of healthy postmenopausal women with

obgmanagement.com

More isn’t necessarily better

Excessive vitamin D intake should be avoided because of the poten-
tial for harm and the lack of evidence from well-designed clinical tri-
als that vitamin D intake beyond the currently recommended amount
affords greater skeletal or nonskeletal health benefits. Although
moderate vitamin D supplementation has proven skeletal benefits, a
“U-shaped” curve for some outcomes has emerged, suggesting that
excessive vitamin D supplementation may pose health risks. Nota-
bly, a recent clinical trial reported a higher risk of fracture (and falls)
among elderly women treated annually with high-dose (500,000 I1U)
oral vitamin D3 versus placebo.?®

A suggestion of adverse effects associated with 250HD levels
above 50 ng/mL has also emerged, from observational studies, for
several nonskeletal health outcomes, including pancreatic cancer,?
cardiovascular disease,' and all-cause mortality.?

Limited evidence is available regarding the safety and overall
risk-benefit profile of long-term maintenance of 250HD levels above
the recommended dietary allowance (RDA) range. Therefore, you
should remind your patients that, despite the importance of both pre-
vention and treatment of vitamin D insufficiency, more is not neces-

sarily better.
FAST
TRACK

Observational
studies suggest an
association between
250HD levels above
50 ng/mL and
several adverse
nonskeletal health
outcomes, including
pancreatic cancer,
cardiovascular
disease, and
all-cause mortality

1,000 mg of calcium and 400 IU of vitamin
D daily led to improved bone density at the
hip but no statistically significant reduction
in hip fracture.®! However, a reduced risk of
hip fracture was demonstrated in second-
ary analyses among women who adhered
to treatment and among women 60 years or
older. Meta-analyses of clinical trials have
reported that treatment with varying doses
of vitamin D (more than 400 IU daily) re-
duces the risk of vertebral,® nonvertebral,*°
and hip fractures.'

Several studies have examined the rela-
tionship between the 250HD level and frac-
ture risk, with inconsistent findings:

e A nested case-control study from the WHI
found that the risk of hip fracture was sig-
nificantly increased among postmeno-
pausal women who had a 250HD level of
19 ng/mL or lower."

e A 2009 report from the Agency for Health-
care Research and Quality (AHRQ) con-
cluded that the association between the
250HD level and the risk of fracture was
inconsistent.'

After a comprehensive review of the
available research, the IOM committee
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INTEGRATING EVIDENCE AND EXPERIENCE
How the Institute of Medicine formulated
its recommendations

The Institute of Medicine (IOM) committee conducted a compre-
hensive review of the literature to date on the relationship between
vitamin D (and calcium) intake and several health outcomes. In terms
of skeletal health, the IOM committee concluded that a 250HD level
of at least 20 ng/mL is sufficient to meet the needs of at least 97.5%
of the population. The vitamin D intake thought to be necessary to
achieve this 250HD level for at least 97.5% of the population was
provided for different age groups (TABLE 2, page 52).

The Recommended Dietary Allowance (RDA) of vitamin D is

600 IU daily for all adults up to age 70 years, and 800 IU daily for
adults older than 70 years. These values were based on an assump-
tion of minimal sun exposure, due to wide variability in vitamin D syn-
thesis from ultraviolet light, as well as the risk of skin cancer. The IOM
concluded that there is no compelling evidence that a 250HD level
above 20 ng/mL or a vitamin D intake greater than 600 IU (800 IU for
adults over 70) affords greater skeletal or nonskeletal benefits.

The IOM recommendations were based on the integration of

bone health outcomes. The evidence supporting causal relation-
ships between vitamin D insufficiency and nonskeletal outcomes
such as cancer, cardiovascular disease, diabetes, impaired physical
performance, autoimmune disorders, and other chronic diseases was
found to be inconsistent and inconclusive.

The IOM report also noted the emergence of a “U”-shaped

curve in regard to vitamin D and several health outcomes, which has
fueled concern about attainment of a 250HD level above 50 ng/mL.
The IOM committee designated 4,000 IU daily as the tolerable upper
intake but emphasized that research into long-term outcomes and
safety at intakes above the RDA is limited. Therefore, this upper limit
should not be interpreted as a target intake level.
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concluded that a serum 250HD level of
20 ng/mL would meet the needs for bone
health for at least 97.5% of the US and Cana-
dian populations.

The data on vitamin D
insufficiency and

nonskeletal outcomes

Many observational studies have reported
relationships between vitamin D insuffi-
ciency and myriad nonskeletal health out-
comes, particularly cardiovascular disease,
cancer, diabetes, and autoimmune disor-
ders.® However, well-designed randomized
clinical trials that examine nonskeletal out-
comes as primary pre-specified outcomes
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are lacking.”® Such studies will be essential
to elucidate the relationship between vita-
min D insufficiency and nonskeletal chronic
diseases. The VITamin D and OmegA-3 TriaL
(VITAL) is an ongoing large-scale, random-
ized clinical trial designed to evaluate the
role of supplementation with 2,000 IU of vi-
tamin D3 daily in the primary prevention of
cancer and cardiovascular disease."

What we recommend
for treatment
The IOM report provided the medical com-
munity with evidence-based recommenda-
tions for vitamin D intake at the population
level, based on a public health perspective.'?
However, the public health guideline model
must be distinguished from the medical
model, in which shared clinical decision-
making between physician and patient oc-
curs on an individual level and is informed
by individual clinical risk factors. The public
health recommendations detailed in the
IOM report are not intended to replace or
interfere with clinical judgment or preclude
individualized clinical decision-making.
The debate over optimal levels of vita-
min D supplementation for individual pa-
tients who have osteoporosis or other health
conditions continues.”® Here, we provide
general guidelines for treatment, based on
the evidence available to date.

Recommendations for healthy adult
nonpregnant women

Vitamin D intake: We recommend a daily
vitamin D intake of 600 IU for healthy non-
pregnant women up to age 70 years (and
800 IU daily for women older than 70 years)
who are at average risk of vitamin D insuf-
ficiency and bone loss, consistent with the
IOM recommendations. The IOM guidelines
assume minimal to no sun exposure.
Measurement of 250HD: It is not neces-
sary to routinely measure the 250HD level in
these women. However, it is prudent to mea-
sure 250HD in women who have risk factors
for vitamin D insufficiency (TABLE 1, page 46)
or a clinical condition associated with severe

obgmanagement.com



Calcium and vitamin D dietary reference intakes for adults, by life stage

Life stage (gender) : Calcium : Vitamin D
RDA (mg/d) : Tolerable upper : RDA (IU/d) i Serum 250HD level : Tolerable upper
¢ intake level ‘ ¢ (ng/mL) (corresponding | intake level (IU/d)*
(mg/d)* to the RDA)f
19-50 yr (male and female) : 1,000 2,500 600 20 4,000
51-70 yr (male) - 1,000 - 2,000 . 600 20 . 4,000
51-70 yr (female) £ 1,200 © 2,000 © 600 : 20 © 4,000
71+ yr (male and female) ~ : 1,200 {2,000 . 800 © 20 © 4,000

Adapted from: Ross AC, Manson JE, Abrams SA, et al. J Clin Endocrinol Metab. 2011;96(1):53-58.
RDA = Recommended Dietary Allowance, 250HD = 25-hydroxyvitamin D

* The tolerable upper intake level is the threshold above which is a risk of adverse events. The upper intake level is not intended to be a target intake. There is no consistent
evidence of greater benefit at intake levels above the RDA. The serum 250HD level corresponding to the upper intake level is 50 ng/mL.

T Measures of the serum 250HD level corresponding to the RDA and covering the requirements of at least 97.5% of the population.

FAST
TRACK

Every 1,000 IU of
vitamin D3 ingested
daily increases

the 250HD level

by approximately

6 to 10 ng/mL
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vitamin D deficiency. In these cases, if the
250HD level is found to be below 20 ng/mL,
vitamin D therapy should be initiated, with
the goal of boosting the 250HD level above
the threshold of 20 ng/mL.

Treatment of vitamin D insufficiency:
Options include daily vitamin D supplemen-
tation and higher-dose weekly preparations.

Many clinicians treat severe vitamin D
insufficiency with 50,000 IU of vitamin D2
once weekly for 8 weeks, followed by a main-
tenance dose (described below) of vitamin
D to preserve the target 250HD level.> An
alternative is daily vitamin D supplementa-
tion, with the dosage based on the degree of
insufficiency.

A general rule of thumb, for persons who
have normal vitamin D absorption, is that
every 1,000 IU of vitamin D3 ingested daily
increases the 250HD level by approximately
6 to 10 ng/mL.*'* However, the incremental
increase in the 250HD concentration varies
among individuals, depending on the base-
line 250HD level, with a greater incremental
increase occurring at lower baseline 250HD
levels.

Monitoring of the 250HD level after ad-
justment of the dosage is necessary to ensure
that the target level is achieved.
Maintaining an adequate vitamin D level:
Once vitamin D insufficiency has been cor-
rected, a maintenance dosage of vitamin
D should be selected—commonly 800 to
1,000 IU daily. A higher maintenance dosage
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may be required for persons who have ge-
netic or ongoing environmental factors that
predispose them to vitamin D insufficiency.

Vitamin D3 is reportedly more potent
than D2 in increasing the 250HD level,'” al-
though this finding has not been universal.'®
Monthly or twice-monthly administration of
50,000 IU of vitamin D2 is another option for
maintenance of vitamin D sufficiency,*'¢ al-
though daily doses are more commonly used
and are readily available in over-the-counter
preparations.

Regardless of the regimen selected, the
250HD level should be measured again ap-
proximately 3 months after a change in dos-
age to ensure that the target level has been
achieved, with further dosage adjustments
as indicated.

Recommendations for adult women
at increased risk of skeletal disease
Measurement of 250HD: The 250HD level
should be measured among women at in-
creased risk of vitamin D insufficiency, bone
loss, or fracture and among women who
have established skeletal disease.
Vitamin D intake: We recommend that
women at increased risk of osteoporosis and
women older than 70 years receive at least
800 IU daily and, potentially, more if neces-
sary to achieve the target 250HD level.
Although the evidence to date does not
support routine achievement of a 250HD
level substantially above 20 ng/mL in most

obgmanagement.com



women, many clinicians recommend that
women in this higher-risk group maintain a
250HD level above 30 ng/mL because of the
possibly greater (although unproven) skel-
etal and nonskeletal benefits. As more data
become available regarding the benefits
and safety of vitamin D doses higher than
those recommended by the IOM, these rec-
ommendations may be revised.

In 2010, the National Osteoporosis

Foundation (NOF) recommended a vitamin
D intake of 800 to 1,000 IU daily for all adults
50 years and older. Among persons at risk
of deficiency, the NOF also recommended
measurement of the serum 250HD level,
with vitamin D supplementation, as neces-
sary, to achieve a 250HD level of 30 ng/mL or
higher.”? Also in 2010, the International Os-
teoporosis Foundation (IOF) recommended
a target 250HD level above 30 ng/mL for all
older adults. The IOF also estimated that the
average dosage required to achieve this level
in older adults is 800 to 1,000 IU daily, not-
ing that upward adjustment may be required
in some people.* It is unclear whether these
guidelines will be revised in the future, based
on the IOM report.

We recommend against achieving a

250HD level above 50 ng/mL, based on

evidence suggesting potential

adverse

health effects above this level. @
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