1) Check for updates

@ Therapeutic Advances in Endocrinology and Metabolism

Review

Vitamin D supplementation after

the menopause

Faustino R. Pérez-Lopez

, Peter Chedraui and Stefan Pilz

Abstract: The purpose of this review was to assess recent evidence regarding the effects

of low vitamin D levels on some highly prevalent clinical conditions of postmenopausal
women. We reviewed and selected recent literature regarding menopause-related conditions
associated with vitamin D deficiency and interventions to manage them. Low circulating
25-hydroxyvitamin D (25(0H)D] levels related to menopause are linked to diet, lifestyle,
changes in body composition, insulin sensitivity, and reduced physical activity. Vitamin D
supplementation increases serum 25(0H]D levels while normalizing parathyroid hormone and
bone markers, and in women with serum 25(0H]D levels below 10 ng/ml supplementation may
improve bone mineral density. Low vitamin D status has been associated with the metabolic
syndrome, high triglyceride levels, and low high-density lipoprotein cholesterol levels. When
compared with placebo, vitamin D supplementation may lower the risk of the metabolic
syndrome, hypertriglyceridemia, and hyperglycemia. There is an inverse relationship between
fat mass and serum 25(0H]D levels and, therefore, the dosage of supplementation should be
adjusted according to the body mass index. Although vitamin D supplementation may improve
glucose metabolism in prediabetic subjects, data regarding muscle strength are conflictive.
There is evidence that vitamin D over-treatment, to reach extremely high circulating 25(0H])

D levels, does not result in better clinical outcomes. The identification and treatment of
vitamin D deficiency in postmenopausal women may improve their general health and health
outcomes. Vitamin D supplementation should preferably be based on the use of either

cholecalciferol or calcifediol.
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Introduction

Vitamin D deficiency is considered a public-health
problem because it has a high worldwide preva-
lence and may contribute to a variety of acute and
chronic diseases. Nutritional guidelines have
established dietary intake references for vitamin D
based on skeletal health because vitamin D is
effective in the prevention and treatment of rickets
and osteomalacia. To date, it is unclear whether
vitamin D exerts additional musculoskeletal
effects such as improvements in bone mineral
density (BMD) or reductions in fractures and falls
as some recent meta-analyses of randomized con-
trolled trials (RCTs) have questioned these previ-
ously proposed vitamin D effects. Moreover, there
is accumulating evidence that vitamin D may also

play a significant role in a variety of extra-skeletal
diseases including for example, infections, cancer,
or autoimmune and neurological diseases. While
there are many open questions surrounding the
potential role of vitamin D for overall human
health, it is becoming increasingly clear that vita-
min D supplementation is not a panacea for all
diseases, but it is effective in certain sensitive
populations including those with vitamin D defi-
ciency. In this context, various RCT's and meta-
analyses of RCTs have suggested that the
beneficial effects of vitamin D are either restricted
to, or particularly pronounced, in individuals with
deficient (20-30ng/ml) or insufficient (<20ng/ml)
circulating 25-hydroxyvitamin D (25(OH)D)
(calcidiol, calcifediol) concentrations. However,
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the biological active hormone is 1a,25 dihydroxy-
vitamin D (1,25(0OH),D) (calcitriol), which acts
directly through binding to specific vitamin D
receptors and indirectly by regulating the para-
thyroid hormone (PTH), and calcium and phos-
phate metabolism.!»2

While we refer to various reviews and meta-
analyses in the current literature on general vita-
min D effects with regard to clinically relevant
health outcomes, the aim of the present article is
to provide a narrative review on the current litera-
ture regarding specific characteristics of vitamin
D status and metabolism in postmenopausal
women, and on the health effects of vitamin D
supplementation in this setting.

Postmenopausal women are of particular interest
as they have a high prevalence of diseases with
relevance for vitamin D, such as musculoskeletal
diseases as well as changes in vitamin D metabo-
lism, such as reduced skin synthesis of vitamin D,
or changes in body composition that are relevant
for vitamin D status and physiology. In detail, we
aim to outline data on the prevalence of vitamin
D deficiency in postmenopausal women and the
specific characteristics that determine vitamin D
status and its metabolism in this regard. We spe-
cifically aim to review and discuss data on the dif-
ferences regarding vitamin D status and its effects
in postmenopausal women compared with other
populations. Moreover, we aim to summarize
recent data from vitamin D RCTs and meta-
analyses in postmenopausal women and the cur-
rent recommendations regarding the testing and
treatment of vitamin D deficiency in these women.

Methods

We conducted a selective literature search of the
years 2018 through to February 2020 in PubMed,
using the search terms ‘vitamin D’, ‘menopause’,
‘postmenopausal women’, ‘body composition’,
‘metabolic syndrome’, and ‘aging’. In addition, sec-
ondary searches for specific topics were performed.
In this review we will discuss different clinical con-
ditions related to low vitamin D levels in postmeno-
pausal women, some of which may have slowly
developed years before menopause onset. This nar-
rative review also included publications of crucial
importance that pre-date 2018. To facilitate text
reading, serum 25(OH)D results in nmol/L. were
converted to ng/ml, being 2.5nmol/LL=1ng/mL. In
addition, 1pug of calcifediol is equivalent to 60IU.

Prior to the examination of the various clinical
conditions prevalent in postmenopause that may
be related to vitamin D, the problem of serum
vitamin D measurement should be mentioned.
Despite being much facilitated in the 21st century,
there are important variation coefficients observed
among methods, even within a particular method
there may be a high degree of variation.3# There is
a need for 25(OH)D immunoassay methods in
each center to be calibrated against standardized
liquid chromatography-tandem mass spectrome-
try or international reference preparations.

Results and discussion

Vitamin D and bone metabolism

In postmenopausal women aged 50-65 years, low
25(OH)D blood levels are associated with altera-
tions in bone turnover markers and supplemen-
tation with vitamin D may normalize these
parameters. In a double-blind, placebo-controlled
RCT performed by Nahas-Neto ez al.,> postmeno-
pausal women were supplemented with 10001U/
day of vitamin D; or placebo for 9 months.
They found an increase in circulating 25(OH)D
levels from 15.0+7.5 ng/ml to 27.5* 10.4ng/ml
(+45.4%) in the supplemented group while in the
placebo group 25(OH)D levels decreased from
16.9 £6.7 ng/ml to 13.8+6.0ng/ml (—8.5%). At
the same time, the supplemented group displayed
decreases in serum levels of PTH, C-terminal telo-
peptide of collagen type I, and procollagen type I
N-terminal propeptide; there were no significant
changes in total calcium, alkaline phosphatase, and
calciuria levels.>

Bislev ez al.® performed a double-blind, placebo-
controlled RCT in healthy postmenopausal
women in which a short-term vitamin D, supple-
mentation (2800IU/day for 3months) was
administered during the winter months. The
intervention was effective in increasing circulating
25(0OH)D and 1,25(0OH),D levels by 23.6ng/ml
and 19 pmol/l, respectively, while reducing PTH
by 0.7 pmol/L (all p<<0.001).These changes were
associated with an increase in trabecular bone
score in the trochanter region and femoral neck as
measured by quantitative computed tomography,
suggesting that vitamin D supplementation cor-
relates with increases in trabecular bone thick-
ness, stiffness, and failure load. Despite the
aforementioned, there were no benefits on muscle
function.
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The mismatch between 25(OH)D and PTH levels
in cases of vitamin D deficiency is associated with
increases in cortical bone porosity. Osima et al.”
reported that increased PTH (not reduced 25(OH)
D) was the link between femoral cortical bone
porosity and increased odds for fracture risk in
women with a mean age of 68 years, with higher
serum PTH levels compared with controls
(4.6 = 2.4 pmol/L versus 4.1 = 1.8 pmol/L; p=0.01),
after adjustment for season of blood sampling (win-
ter versus summer). In addition, decreased 25(OH)
D and increased PTH are associated with fracture
risk, independently of age, weight, calcium supple-
mentation, calcemia, and cortical porosity.
However, the majority of intervention studies have
failed to demonstrate the benefits of vitamin D sup-
plementation on BMD and fracture prevention.8
This is probably because vitamin D status (as an
inclusion criterion) was not defined in studied sub-
jects.? Jorde et al.l9 reported the effect of supple-
mentation with 20,000IU/week of vitamin D,
versus placebo for 4months in subjects with base-
line 25(OH)D levels of 13.6ng/ml. Mean serum
25(OH)D levels increased to 35.6ng/ml and there
were no significant changes in the placebo group. In
addition, there was a small but significant decrease
in serum procollagen type I N-terminal propeptide
in the vitamin D-supplemented group compared
with the control group, but there were no signifi-
cant differences between groups for C-terminal
telopeptide collagen type 1, sclerostin, tumor
necrosis factor-alpha, osteoprotegerin, receptor
activator of nuclear factor kB ligand, or leptin.

LeBoff er al.1! reported the results of the VITamin
D and OmegA-3 TrialL (VITAL) study, a double-
blind, placebo-controlled RCT carried out among
men =50 and women =55years. After 2 years of
vitamin D supplementation (2000IU/day) there
was no effect on BMD at the spine, femoral neck,
total hip, or whole body. In this population, the
effect did not vary by sex, ethnicity, or body mass
index (BMI). This study was designed to study
the effect of vitamin D supplementation on can-
cer risk. Mean baseline 25(OH)D levels were
30.8 = 10.0ng/ml, about 87% of treated subjects
had normal 25(OH)D levels, and most of the
supplemented subjects attained serum 25(OH)D
levels of 40ng/ml or more after the first year of
follow up. In other words, nearly 87% of the
treated subjects had normal 25(OH)D levels.!?
No data were disclosed on the number of subjects
with severe 25(OH)D insufficiency (<10ng/ml).
Therefore, it seems we cannot expect that

supplementation with 25(OH)D levels =20ng/ml
will have benefit on bone metabolism.

Vitamin D and fracture risk

Although there is some controversy, combined
vitamin D and calcium supplementation has been
recommended to prevent osteoporosis and subse-
quent fracture risk. However, some clinicians are
reluctant to use calcium supplements.!? In addi-
tion, some RCT's have reported conflicting results
regarding optimal doses and regimens of supple-
mentation. In one meta-analysis of clinical trials,
Bolland ez al.* found that vitamin D supplemen-
tation does not prevent falls and fractures and has
no significant effect on BMD. Nonetheless, sub-
jects that had 25(OH)D levels below 10ng/ml
achieved a significant increase in lumbar BMD
with daily doses of 400IU and 1000IU, and
in hip BMD with a daily dose of 1000IU.
Furthermore, 70% of the trials used low daily
doses of vitamin D which seem not to be enough
to promote a sufficient level of circulating 25(OH)
D.15 Other limitations in the Bolland er al.1* meta-
analysis have been related to the method used to
measure 25(OH)D, the influence of ethnicity,
and the possible presence of the ‘so-called’
p-hacking effect of meta-analytic procedures.!>-18

Further criticisms of the Bolland ez al.'* meta-
analysis include the limited observation period to
detect a recognizable effect on long-term events,
the inclusion of subjects with low facture risk, and
the lack of control of adherence to treatment.
However, the two most relevant limitations were
first that the majority of included studies had
enrolled subjects with baseline 25(OH)D levels
>20ng/ml, and secondly, the small proportion of
patients with vitamin D deficiency at baseline
who did not even attain sufficient levels through-
out the studies (>30ng/ml), thus being unlikely
to experience any benefit from the supplementa-
tion.!® Therefore, subjects who are not vitamin D
deficient would obtain hardly any benefit from
vitamin D supplementation. This could errone-
ously induce elderly subjects, who have osteopo-
rosis and do not receive active bone-forming
agents, to stop vitamin D intake. If this popula-
tion is deficient in vitamin D, supplementation
would be essential as an anti-fracture agent.20:2!

The Kahwat et al.?? meta-analysis of RCTs or
observational studies analyzed vitamin D, calcium,
or combined supplementation for the primary
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prevention of fractures among community-
dwelling adults without known vitamin D defi-
ciency, osteoporosis, or prior fracture. Supplemen-
tation with vitamin D alone or in combination
with calcium was not associated with a reduction
in fracture risk in studied subjects. Vitamin D with
calcium was associated with an increase incidence
of kidney stones.

Another more recent meta-analysis?®> compared
vitamin D or vitamin D and calcium with controls.
It was based on studies involving at least 200 frac-
ture cases and RCTs enrolling at least 500 partici-
pants (59.9% women, mean age 77.1 years, baseline
blood 25(OH)D levels ranging from 10.6 ng/ml to
26.3ng/ml, and reporting at least 10 incident frac-
tures). In 11 observational studies, the combined
(vitamin D + calcium) supplementation was associ-
ated with an adjusted lower relative risk (RR) for
any fracture (RR 0.93; 95% CI 0.89—0.96) and for
hip fracture (RR 0.80; 95% CI 0.75-0.86), for each
increase in 10ng/ml in serum 25(OH)D levels.
Supplementation with vitamin D alone in 11 RCTs,
with a mean serum 25(OH)D difference of 8.4ng/
ml, was not associated with a reduction in the risk
of any fracture or hip fracture, although there were
heterogeneous doses of vitamin D supplementa-
tion. Contrary to this, the meta-analysis of six
RCTs of combined supplementation with vitamin
D at daily doses of 400-8001U/day (median serum
difference of 25(OH)D 9.2ng/ml) and calcium
(1000-1200mg/day) found a significant reduction
(6%) for any fracture risk (RR 0.94; 95% CI 0.89—
0.99), and a 16% reduction for hip fracture risk
(RR 0.84;95% CI0.72-0.97).23

This overview of successive meta-analyses regard-
ing the effect of vitamin D supplementation on
fracture risk highlights the limitations of hetero-
geneous meta-analyses in terms of sample size,
events, and low basal vitamin D levels, and suffi-
cient change in serum vitamin D levels as con-
firmatory effects of clinical intervention, high
adherence to interventions, and appropriate sta-
tistical approaches to the same clinical problem.

Recently a retrospective study performed by
Zhuang er al?* analyzed in postmenopausal
women (aged 50-98 years) the effect of age, BMI,
BMD, and 25(OH)D serum levels over hip frac-
ture risk when the femoral neck reached the
threshold of osteoporosis. According to logistic
regression analysis age, low femoral neck BMD,
and low serum 25(OH)D levels were independent

risk factors for fragile hip fracture with the condi-
tion that femoral neck BMD had reached the
threshold of osteoporosis. Therefore, it seems rea-
sonable to suggest that vitamin D supplementa-
tion may be a positive intervention to reduce the
risk of fragile femoral neck. The recent Consensus
Statement on vitamin D concluded that “vitamin
D supplementation with adequate calcium intake
can decrease the incidence of fractures in elderly
vitamin D deficient subjects”.# Despite this,
there is a need for more specific evidence on the
matter.

Another issue is determining the appropriate dos-
age of vitamin D supplementation and calcium in
order to prevent fractures. Specific treatments for
osteoporosis and fracture risk, with different
mechanisms of action, have in general included
vitamin D supplementation, mainly in older
women. Overall, intervention has been recom-
mended in women who are postmenopausal and
have low BMD (T score <-2.5), a history of spine
or hip fracture, or a score suggestive of increased
fracture risk as assessed with the Fracture Risk
Assessment Tool. Treatments for postmenopau-
sal osteoporosis include a many heterogeneous
and varied options.2> However, it must be borne
in mind that the aim of treating osteoporosis is to
reduce facture risk. This means that pharmaco-
logical treatments should not be used in women
with low BMD who have low fracture risk. The
majority of postmenopausal women only require
healthy lifestyle recommendations to reduce oste-
oporosis risk. Quality-of-life impairment will
occur among elderly subjects in the event of a frac-
ture. Specific drug treatments should be given in
some women due to risk of fracture.

There is a large list of pharmacological options to
prevent/reduce facture risk.2627 Many of these
treatments include vitamin D supplementation.
The Barrionuevo ez al.2® network meta-analysis of
RCTs of postmenopausal women with primary
osteoporosis demonstrated that calcium plus vita-
min D supplementation combined with alendro-
nate, zoledronate, risedronate, denosumab,
estrogen with progesterone, and romosozumab
significantly reduced the risk of hip fracture com-
pared with placebo (RR=0.81). In addition, aba-
loparatide,  teriparatide, denosumab, and
romosozumab were more effective than vitamin D
and vitamin D plus calcium in the reduction of
vertebral fracture risk. However, treatment with
vitamin D and calcium alone is limited despite
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available large trials.2® The Hernandez et al.?’
meta-analysis of RCT's reported the effects of dif-
ferent bone anabolic therapies (BATS) in associa-
tion with vitamin D supplementation on
postmenopausal osteoporosis. They found that all
BATS significantly reduced the risk of vertebral
fractures, whereas no intervention significantly
reduced the risk of non-vertebral fractures. In
addition, all BATs significantly increased BMD
at all locations compared with placebo, no
treatment, or bisphosphonates.

Vitamin D and the metabolic syndrome

Low vitamin D status has been linked to the
metabolic syndrome (MetS) in postmenopausal
women. MetS is defined as the presence of at least
three of the following findings: waist circumfer-
ence >88cm, serum triglycerides =1.7 mmol/L,
high-density lipoprotein cholesterol (HDL-
C) <1.3 mmol/L, blood pressure =130/85 mmHg,
and a fasting plasma glucose of =5.5 mmol/L. Its
prevalence has been related to ethnicity, lifestyle,
diet, physical activity, comorbidity, reproductive
stage, and aging. Reports have indicated that the
prevalence of MetS is higher in postmenopausal
women with either deficient or insufficient serum
25(OH)D levels (both 57.8%) compared with
those with normal vitamin D levels (39.8%).28
MetS was significantly associated with serum
25(0OH)D levels <30 ng/ml, high triglyceride (OR
1.55;95% CI 1.13-2.35), and low HDL-C levels
(OR 1.60; 95% CI 1.19-2.40) compared with
women with sufficient 25(OH)D levels, after
adjusting for age, time since menopause, BMI,
smoking, and physical exercise.

In a double-blind RCT, a Brazilian research group
reported the effect of vitamin D supplementation
(1000IU vitamin D,/day) for 9months on the
metabolic risk profile of postmenopausal women
aged 50-65years.?° The authors found a signifi-
cant increase (+45.4%) of serum 25(OH)D levels
in women receiving the supplement compared
with a decrease (—18.5%) in the placebo group
(p=0.049). In addition, women receiving vitamin
D displayed a significant reduction of serum tri-
glycerides, insulin, and also homeostatic model
assessment of insulin resistance (HOMA-IR) val-
ues. After adjustments for age, time since meno-
pause, and BMI, women receiving vitamin D
supplementation had a lower risk of presenting
with MetS, hypertriglyceridemia, and hyperglyce-
mia compared with the placebo group.

Among postmenopausal and older Chinese
women who were not on estrogens, Huang ez al.30
reported a positive correlation between serum
estradiol and 25(OH)D levels. Higher 25(OH)D
levels were correlated with favorable lipid, blood
pressure, and glucose levels, whereas serum estra-
diol levels were negatively correlated with choles-
terol, triglyceride, and blood pressure values.
When women were stratified by vitamin D status,
the MetS risk was higher for vitamin D deficient
women compared with those with sufficient levels
(OR 2.19; 95% CI 1.19-4.01), and the associa-
tion was not changed after further adjusting for
estradiol levels (OR=3.49; 95% CI 1.45-8.05,
for the lowest versus the highest tertile). The
authors concluded that among the studied female
population vitamin D and estradiol deficiency
may be related to a higher risk for MetS. A diet
rich in vitamin D and an optimal vitamin D sup-
plementation may be a way to prevent or reduce
the risk of developing MetS.

Excessive body weight and fat distribution

The menopausal transition is associated with
changes in body composition and fat distribution,
even in cases without body weight modifica-
tions.3! Body fat accumulation can be demon-
strated by increases in BMI, body weight, body
fat percentage, waist circumference, hip circum-
ference, visceral fat, and trunk fat percentage.3?
Excessive body weight (including both overweight
and obesity) is a frequent complaint related to
low circulating 25(OH)D levels in peri- and post-
menopausal women. In fact, BMI is a good pre-
dictor of vitamin D status in women of all ages.
Delle Monache et al.?®* reported that 80% of
Italian women presented with serum 25(OH)D
concentrations below 30ng/ml, with the highest
25(0OH)D mean value measured in September
and the lowest mean value in March. This sinu-
soidal circannual rhythm, with high 25(OH)D
levels during spring/summer, affected both obese
and non-obese women, and has been reported in
other regions of the world in relation to climatic
and lifestyle conditions, reaching differences of
8-10ng/ml between higher and lower levels
depending on the period of the year.3*

The inverse relation between fat mass and serum
25(0OH)D has been described for all ages and in
different scenarios. Therefore, fat distribution has
relevant implications for maintaining endogenous
25(0OH)D levels and concomitant metabolic
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adjustments. For instance, in the previously cited
VITAL study, a post-hoc analysis showed that
after excluding 1 year and 2 years of follow up the
death rate was significantly lower after vitamin D
supplementation than with placebo, with a pro-
tective effect on breast cancer when the BMI was
<25kg/m2.12 It is likely that fat tissue of over-
weight and obese women extracts a higher amount
of the vitamin D supplementation, hence losing
its protective factor against breast cancer.
However, BMI directly correlates with vitamin
D-binding proteins rather than with circulating
25(0OH)D levels. Therefore, the link between low
25(0OH)D and obesity is still to be elucidated.
Furthermore, vitamin D supplementation dosage
should be adjusted according to BMI in order to
be effective and body weight reduction could be
followed with increases in circulating 25(OH)D
levels. Also, several trials have suggested that con-
comitant vitamin D and calcium supplementa-
tion potentially reduces central fat deposits,
especially in subjects with low dietary calcium
intake.?>

A meta-analysis of RCTs3% regarding adults sup-
plemented with vitamin D; with doses ranging
from 4001IU to 57141U showed that a dosage of
10001U best suppressed serum PTH levels, while
4000IU showed the greatest increase in serum
25(0OH)D levels in the overweight and normal
obese population. Since postmenopausal women
may also have some other component of MetS,
the initial dose should be 1000-2000 IU/day with
serum 25(OH)D required to be measured after
3—4months to check if the dose is sufficient or
should be increased. Some overweight and obese
postmenopausal women probably need higher
doses of vitamin D supplementation depending
on their diet and exposure to sunlight in order to
increase serum 25(OH)D levels. Another
approach is to titrate the dose of vitamin D sup-
plementation in cases of excessive body weight as
recommended by Ekwaru ez al.3”7 They suggested
that vitamin D supplementation should be 2-3
times higher for obese subjects and 1.5 times
higher for overweight subjects compared with
subjects of normal weight.

Glucose, insulin resistance, and diabetes risk

Vitamin D status has been related to glucose
metabolism, and higher serum 25(OH)D levels
are associated with better glycemic control,
better pancreatic f-cell function, and insulin

sensitivity. Valladares ez al.3® have studied fasting
plasma glucose and 25(OH)D levels in women
aged 35-74years. This study reported that 65.4%
had 25(OH)D <30ng/ml and 25.6% <20ng/ml
and lower serum 25(OH)D levels were associated
with higher glucose levels. A recent meta-analysis
showed no association between serum 25(OH)D
levels and prediabetes.3® There were no signifi-
cant differences in hemoglobin Alc, fasting
plasma glucose, and HOMA-IR values between
individuals with prediabetes treated with vitamin
D and those taking placebo.

Niroomand ez al.%? in a double-blind RCT studied
the effect of a high dose of vitamin D, (50,000IU
oral pearls weekly for 3months, followed by one
pearl per month for an additional period of
3 months) or placebo on insulin sensitivity in
adults with prediabetes. As expected, at the end of
the study period, 25(OH)D levels were signifi-
cantly higher in the supplemented group (36 ng/ml
versus 16 ng/ml), and there were no significant dif-
ferences in fasting plasma glucose and the 2-h oral
glucose tolerance test. However, the HOMA-IR
score was significantly lower among patients given
supplementation suggesting that treatment with a
high vitamin D dose may improve insulin sensitiv-
ity and decrease the risk of progression toward
diabetes. However, further studies are needed for
a possible clinical recommendation.

The D2d study* randomized adult individuals
(45% women with a mean age of 60 years and
basal 25(OH)D of 28.0 = 10.0ng/ml) with two of
three glycemic criteria for prediabetes (i.e. fasting
plasma glucose level, 5.6-6.9 mmol/L, plasma glu-
cose level 2h after a 75-g oral glucose load, 7.8—
11.0mmol/L, and glycated hemoglobin level,
5.7-6.4%) and those with no diagnostic criteria
for diabetes to receive 40001U/day of vitamin D,
or placebo, regardless of the baseline serum
25(OH)D level. After a median follow up of
2.5years, vitamin D supplementation was not
associated with a significantly lower risk of diabe-
tes when compared with placebo. Nevertheless, in
a subgroup of prediabetic individuals with severe
vitamin D deficiency, i.e. 25(OH)D <12ng/ml,
vitamin D supplementation aimed to reach nor-
mal 25(OH)D levels and reduce the risk of pro-
gression from prediabetes to diabetes. This
suggests that the benefits (reduction in progres-
sion from prediabetes to diabetes) may be achieved
in individuals with low basal circulating 25(OH)
D, whereas subjects with higher pretreatment
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serum 25(OH)D levels do not obtain this preven-
tive benefit. It seems that there is no straight rela-
tionship between higher serum 25(OH)D (beyond
30ng/ml) and the reduction of diabetes risk.

Vitamin D and muscle function

Skeletal muscle function is under the direct influ-
ence of vitamin D, vitamin D receptors, and the
1-a-hydroxylase enzyme (CYP27B1). Indeed,
the bioactive hormone 1,25(0OH),D; is produced
and is present in the skeletal muscle.4? Low mus-
cle strength rises from 7.1% in women in their
40s to 79.4% in their 80s, and sarcopenia
increases from 6.7% to 58.1% for the same ages.
Frailty increases from <1% under age 60 years to
39.5% in women in their 80s.%3

Muscle strength was measured in postmenopau-
sal women aged <65years (mean age 57.3 = 3.7
years) who had normal 25(OH)D levels (=30ng/
ml) and no physical disabilities, with a mean age
at menopause of 50.5*2.2years and a mean
BMI of 24.9 = 3.8.4* A total of 12.2% of women
were diagnosed with dynapenia using a cut-off
value of <20kg in the hand-grip strength (HGS)
test. There was a weak inverse correlation between
grip strength and age, and an earlier age at meno-
pause onset was associated with an increased risk
for dynapenia.** In addition, HGS is associated
with increased femoral neck and total lumbar
spine BMD in premenopausal and postmenopau-
sal women.%>

Subjects aged 65 years or older with 25(OH)D
deficiency, i.e. serum 25(OH)D <20ng/ml, were
about two times more likely to be frail compared
with individuals with serum 25(OH)D sta-
tus =20ng/ml, whereas there were no associations
between the pre-frail state and serum 25(OH)D
status.#¢ Using different tests, there are other
studies that confirmed a correlation between low
serum 25(OH)D and low muscle function.*” In
addition, older women with insufficient 25(OH)
D were more frail than women with sufficient
25(0OH)D.*8 Therefore, it seems reasonable to
supplement women with vitamin D in order to
prevent such a negative clinical condition.
However, evidence that such intervention can be
preventive is still lacking.

There are conflicting results concerning the effect
of vitamin D supplementation on muscle strength.
The Beaudart ez al.#° meta-analysis reported in

2014 a small significant positive effect of vitamin
D supplementation on muscle strength without
effect on muscle mass or muscle power. The use
of low-dose vitamin D supplementation in sub-
jects at high risk of having knee osteoarthritis free
from frailty (followed up for 8 years) was not asso-
ciated with any decreased risk of frailty during the
follow up.5° However, another later meta-analy-
sis®! reported that serum 25(OH)D levels were
lower in fallers compared with non-fallers, and
the risk of falls was inversely associated with
serum 25(0OH)D levels.

Osteoporosis and sarcopenia are closely related
and both probably increase fall and fracture risk.
In community-dwelling older adults (69.6%
women) with a median age of 76 years (interquar-
tile range 70-81 years), osteoporosis prevalence
increased from 47.6% in non-sarcopenic individ-
uals to 65.5% in those with probable sarcopenia,
and 78.1% in those with confirmed sarcopenia
(p<0.05).52 After adjusting for age, sex, and vita-
min D status in multivariate models, osteoporosis
was significantly associated with a greater risk of
confirmed sarcopenia. The number of fragility
fractures was also significantly higher in those
with confirmed sarcopenia wersus those without,
but this finding did not remain significant in the
adjusted models.>?

Iolascon er al.5? reported the results of a multi-
center retrospective study regarding the influence
of vitamin D deficiency on muscle performance in
older postmenopausal women (mean age
66.9 + 8.5 years). A cut-off value of 30 ng/ml for
serum 25(OH)D was used to define sufficient
and insufficient vitamin D levels. There were sig-
nificant differences in terms of appendicular lean
mass/BMI ratio, total fat mass, visceral adipose
tissue, HGS, knee isometric extension strength
(KES), short physical performance battery
(SPPB), and percentage of people with a 4-m gait
speed (4MGS) (all p<0.01). In addition, there
were significant correlations between serum
25(0OH)D status and HGS, KES, and SPPB sit to
stand.

Iolascon er al.5* also reported in a prospective
study the effectiveness of calcifediol (8001IU as 4
oral drops/day) for a 6-month period on serum
25(0OH)D levels, appendicular muscle strength,
physical performance, and prevention of falls in
women of similar age with osteoporosis and/or
serum 25(OH)D <30ng/ml. After 6 months,
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calcifediol treatment produced a significant
increase in 25(OH)D serum levels (»p<<0.001),
appendicular muscle strength (p<<0.001), and
physical performance at SPPB and 4MGS
(p<0.01). Equally at 6 months, the percentage of
fallers was lower, although not significant,
whereas there was a significant reduction both
in the percentage of recurrent fallers and the
mean number of falls (p<<0.001 and p=0.020,
respectively).

Pain and lumbar disc degeneration

Chronic low back pain has been associated with
vitamin D deficiency and related to osteomala-
cia.>>56 The relationship between low back pain in
postmenopausal women and lumbar pain with
disc degeneration has recently been studied.>”
Postmenopausal women (mean age 65.6 = 10.1
years) with severe low serum 25(OH)D levels
(<10ng/ml) have higher pain scores, as assessed
on a visual analog scale, lower BMD, and more
severe lumbar disc degeneration in the lumbosa-
cral region (although less in the upper lumbar
region). In addition, after adjusting for different
confounding factors, low BMD was associated
with a higher incidence of moderate to severe
back pain.

Vitamin D supplementation in midlife and older
women

A wide variety of vitamin D supplements (dos-
ages/frequencies) is used among mid-aged and
older women. Many scientific societies have given
recommendations for midlife and older women.
The majority suggest supplementation if serum
25(0OH)D is <20ng/ml following the US Institute
of Medicine®® criteria, whereas other organiza-
tions recommend supplementation for women
with lower levels (12ng/ml).5%%0 Dietary recom-
mendations are not always correctly followed,
adequate foods are few and sometimes expensive,
or simply compliance is difficult when the daily
diet is monotonous.! Therefore, surveillance
results have indicated that a vitamin D diet is not
sufficient to maintain adequate vitamin D status.
On the other hand, food fortification needs
national or regional approval by political authori-
ties, which is debatable and not unanimously
accepted.®? The current Western lifestyle is asso-
ciated with a low vitamin D diet, low sunlight
exposure, and spending a great deal of time

indoors. Therefore the standard recommended
vitamin D supplementation is not enough or
borderline in the recommendations.®3

In the majority of recommendations both vita-
min D, (cholecalciferol) and D, (ergocalciferol)
are considered equivalent in terms of clinical
and metabolic effects. However, the area under
the curve indicates that it is some 28% higher for
cholecalciferol and with a longer half-life than
for ergosterol.®* Supplementation with calcifed-
iol 25(OH)D is another alternative having better
advantages.5-°¢ Calcifediol is more soluble than
cholecalciferol and has good intestinal absorp-
tion and high affinity for the vitamin D-binding
protein. The balance for oral administration is
more effective for calcifediol (3—5 times more
intestinal absorption), however, there are fewer
available studies than for cholecalciferol.®” A
recent RCT comparing vitamin D, (400 1U/day)
and calcifediol (200 IU/day, 400 IU/day, or
6001U/day) for a period of 24weeks demon-
strated that vitamin D; increased 25(OH)D
levels to 28 ng/ml within 16 weeks, while supple-
mentation with 400 IU/day or 600IU/day cal-
cifediol caused 25(OH)D levels to surpass
>30ng/ml in 8 weeks and 4 weeks, respectively.
During the study period, this trial did not report
cases of hypercalcemia.®> Hence, it seems that
this treatment was well accepted by elderly sub-
jects and there were no significant risks of hyper-
calcemia or other health aspects.

Despite the high prevalence of low vitamin D sta-
tus, it seems that in some countries in the last
10-15years there has been an increase in global
mean vitamin D levels. For instance, in the Study
of Women’s Health Across the Nation there was
an increase in mean vitamin D values and a reduc-
tion in the prevalence of low vitamin D status.%8

The long-term effects of vitamin D supplementa-
tion are a major clinical concern. The RCT
Calgary Vitamin D study recently reported the
effects of vitamin D, supplementation of 400 UI/
day, 4000 Ul/day, or 10,000 Ul/day on healthy
adults aged 55-70 years (mean age 64 * 4 years)
of which 51% were women.% Calcium supple-
mentation was initiated when dietary calcium
intake was less than 1200 mg/day. The safety pro-
file of vitamin D supplementation was similar for
the three doses. Hypercalcemia occurred more
frequently with higher doses of vitamin D, but
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was rare, mild, and transient.®® Also, the three
proposed dosages produced the same changes
in bone strength at either the radius or tibia, sug-
gesting that vitamin D supplementation at high
doses does not have additional benefits for bone
health.70

Malihi ezt al.”! reported the results of a double-
blind RCT regarding the effects of high doses of
vitamin D supplementation (monthly doses of
100,0001IU of vitamin D; or placebo) in adults
(50-84years) for a median of 3.3years (range
2.5-4.2years). Despite a slightly higher incidence
of recurrent adverse events in the vitamin D
exposed group, this increase was not significant
when compared with placebo after adjustment for
age, gender, and ethnicity. In addition, in this
cohort the incidence of kidney stone events or
hypercalcemia was similar to that observed in the
placebo group.”? Despite these RCTs, the availa-
ble evidence suggests that excessive (very high)
circulating levels of 25(OH)D are not always
associated with better health outcomes. Vitamin
D supplementation should be individualized
according to the characteristics of each patient
and the aimed clinical outcome.

Healthy women without specific risks may regu-
larly expose themselves to sunlight, without sun-
screen for 15min, 3-4 times per week in the
middle of the day to generate healthy endogenous
vitamin D levels. Other women may prefer to use
the recommended daily dose of 600IU of chole-
calciferol for those aged up to 70 years, and
8001U for those aged 71 years or more.!

Conclusion

There are several prevalent conditions in post-
menopausal women associated with low serum
25(0OH)D; hence, normalization of 25(OH)D
levels may improve those conditions. Despite this,
an excessive increase of 25(OH)D levels is not
associated with better clinical results. In postmen-
opausal women low vitamin D levels are associ-
ated with hypersecretion of PTH and vitamin D
supplementation reduces serum PTH and
increases 25(OH)D levels. Increased PTH is
associated with increased cortical bone porosity.
Women who are not vitamin D deficient would
not obtain benefit from vitamin D supplementa-
tion. However, elderly women that do not receive
active bone- forming treatments and have

osteoporosis and low serum vitamin D should
receive vitamin D supplementation as an anti-
fracture agent. Meta-analysis of RCT's indicates
that vitamin D and calcium supplementation pro-
duce a significant reduction of fracture risk (any
and hip).

Insufficient and deficient 25(OH)D levels are
associated with an increased risk of MetS in post-
menopausal women and vitamin D supplementa-
tion significantly reduces triglyceride, insulin, and
HOMA-IR values. BMI is a good predictor of low
25(0OH)D status in women and the vitamin D
supplementation dose should be adjusted accord-
ing to BMI. In addition, concomitant vitamin D
and calcium supplementation may reduce central
fat deposits. Obese women may need higher vita-
min D supplementation doses to normalize their
circulating levels. In women with prediabetes and
low 25(OH)D levels, vitamin D supplementation
may improve insulin sensitivity. However, those
with normal 25(OH)D levels do not obtain this
preventive effect. It seems that there is no direct
relationship between higher 25(OH)D levels
beyond 30ng/ml and the reduction of diabetes
risk.

Subjects aged 65 years who have low serum
25(0OH)D levels have low muscle function and
are more frail. The number of fragility fractures is
higher among those with confirmed sarcopenia.
Calcifediol treatment increases 25(OH)D levels
and physical performance while reducing the risks
of falls.

Vitamin D supplementation can be performed
with cholecalciferol or calcifediol. In postmeno-
pausal women, cholecalciferol (vitamin D;) and
calcifediol supplementation should be used at dif-
ferent and sufficient doses and in accordance with
the particular individual needs, body weight,
health issues, or risks to be prevented. Calcifediol
dosage should be adjusted to approximately one
third of the cholecalciferol dose.
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