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Abstract
Objective: The aims of this study were to examine the efficacy among various
vitamin D supplementation regimens on serum 25-hydroxyvitamin D (25(OH)D)
concentrations and determine the minimal dose rate required to achieve sufficient
serum concentrations (≥75 nmol/l) among older adults in long-term care (LTC).
Design: A 1-year medical history was abstracted from medical records, and a one-
time blood draw to measure serum 25(OH)D concentrations was obtained.
Individuals were stratified into vitamin D-supplemented and non-supplemented
groups. The supplemented group was further categorised into four treatment forms:
single-ingredient vitamin D2or3, multivitamin, Ca with vitamin D or combination of
the three, and by daily prescribed doses: 0–9·9, 10–19·9, 20–49·9, 50–99·9 and >100
μg/d.
Setting: Five LTC communities in Austin, Texas.
Participants: One hundred seventy-three older (≥65 years) adults.
Results: Of the participants, 62 % received a vitamin D supplement and 55% had
insufficient (≤75 nmol/l) 25(OH)D serum concentrations. Individuals receiving sin-
gle-ingredient vitamin D2or3 supplementation received the highest daily vitamin D
mean dose (72·5 μg/d), while combination of formswas themost frequent treatment
(44 %) with the highest mean serum concentration (108 nmol/l). All supplementa-
tion doses were successful at reaching sufficient serum concentrations, except
those<20 μg/d. Using a predictionmodel, it was observed that 0·025 μg/d of vitamin
D supplementation resulted in a 0·008 nmol/l increase in serum
25(OH)D concentrations.
Conclusions:Based on the predictive equation, results suggest that supplementation
of 37·5 μg/d of vitamin D2or3 or combination of vitamin D is most likely to achieve
sufficient serum 25(OH)D concentrations in older adults in LTC.
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The classical function of vitamin D in Ca and phosphate
homoeostasis and bone metabolism has long been recog-
nised. Over the past decades, a more expansive role of
vitamin D in non-skeletal physiological processes has
emerged(1,2). Research shows that insufficient serum vita-
min D concentrations are associated with an increased rate
of respiratory tract infection, influenza and other infectious
diseases, alongwith several chronic health conditions, includ-
ing dementia, depression, CVD and cancer(3–7). As the world
deals with the health and economic burden of the corona

virus disease of 2019 (COVID-19) pandemic, insufficient vita-
min D concentrations have emerged as a possible risk factor
for severe acute respiratory syndrome coronavirus (SARS-
CoV-1) infection, the virus that causes COVID-19. As a result,
the interest in vitaminD supplementation to reduce the rate of
infection, lessen severe illness and/or accelerate recovery has
surfaced(5–7).

Older adults, especially those in long-term care (LTC),
experience high rate of vitamin D insufficiency (40–100 %)
due to inadequate sunlight exposure, medication
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interactions and limited dietary sources(1,4,6,8,9). LTC older
adults are also among the most vulnerable populations for
SARS-CoV-1 outbreaks and at the greatest risk for severe ill-
ness and morality from COVID-19(10,11). Correcting insuffi-
cient vitamin D concentrations in these individuals is critical
secondary to vitamin D’s role in regulating innate and adap-
tative immunity, and potential to reduce the risk of viral infec-
tion, progression and severity(5,6). Since LTC residents are
often exposed to limited sunlight exposure, oral nutrition
becomes an essential route for intake of vitamin D; hence,
supplementation is recommended to maintain optimal serum
25-hydroxyvitamin D (25(OH)D) concentrations(12,13).

The National Academy of Medicine, formerly known as
Institute of Medicine, set the dietary reference intake for
vitamin D in older adults (70þ years) at 20 μg/d, which
is sufficient to reach serum 25(OH)D concentration of
≥50 nmol/l (20 ng/ml) and maintain bone health(12–15).
However, a growing body of evidence suggests that 20
μg/d will not raise serum 25(OH)D concentrations above
the Endocrine’s Society concentration recommended to
achieve sufficiency (75 nmol/l (30 ng/ml))(12). Thus, the
dietary reference intake may not be protective of non-
skeletal health conditions including COVID-19(6,12,16). Even
with general agreement among health organisations and
experts for universal vitamin D supplementation in older
adults (≥65 years), the recommended supplementation dose
rate and 25(OH)D target serum concentrations remain contro-
versial(12,16,17). Health organisations and experts suggest a vari-
ety of supplementation dose rates ranging from25 to 100 μg/d
to achieve sufficient serum 25(OH)D concentrations(18–21).

Despite the known health consequences, environmen-
tal and physiological risk factors, and recommendations
from experts for universal blood screening and supplemen-
tation, vitamin D insufficiency is routinely not diagnosed
and/or undertreated within the LTC population(1,8,9,16,17,22).
Several factors contribute to poor testing and treatment,
including limited coverage of 25(OH)D blood test by
Medicaid/Medicare and lack of systematic supplementation
by practitioners in LTC, resulting from a perception that sup-
plementation and/or correcting for insufficiency is not con-
sidered a health priority(17,23–25).

The objectives of this study were to determine the
prevalence of vitamin D supplementation and examine
the efficacy among various vitamin D supplementation reg-
imens on serum 25-hydroxyvitamin D concentration in
older adults living in a LTC community. Additionally, we
aimed to determine the minimal vitamin D supplementa-
tion dose rate required to achieve sufficient serum
25(OH)D concentration (≥75 nmol/l) in these LTC patients.

Methods

Participants
For this cross-sectional study, older adults from five LTC
communities in the metropolitan area of Austin, Texas,
were recruited to participate. To be eligible, participants

had to be ≥65 years and reside within skilled nursing or
assisted living units. There were no exclusion criteria for
25(OH)D serum concentrations or vitamin–mineral supple-
mentation. Written consent was obtained from medical
power of attorney for all participants, along with verbal
assent from individuals without cognitive impairment
(assessed by each patient’s nursing staff or Social Worker).

Data collection
A 1-year medical history was collected from on-site
electronic medical records using double-blinded proto-
cols(26,27). Data abstracted from electronic medical records
included demographics (age, sex, race and level of care),
lifestyle factors (alcohol and tobacco use) and medical
history (weight, height, diagnoses, medications, number
of infections, falls and hospitalisations). Race was categor-
ised as Caucasian or non-Caucasian based on the U.S
CensusBureau’s 2013–2017AmericanCommunity Survey(28).
Race was included as a covariate to account for any potential
difference in serum concentrations secondary to skin pig-
mentation and UV-B (sun) exposure. Height and weight
from the electronic medical records were used to calculate
BMI as kg/m2 and then categorised into the Center for
Disease Control Adult standard weight status categories:
underweight: <18·5 kg/m2; healthy weight: 18·5–24·9 kg/m2;
overweight: 25·0–29·9 kg/m2 and obese:≥30·0 kg/m2(29). The
dosage, start and/or discontinue date for all medications
were collected and then categorised according to the Food
and Drug Administration’s U.S. Pharmacopeia Therapeutic
Category and Pharmacologic Classification Guidelines
(e.g. antidepressants, diuretics and bisphosphates)(30).
Medications that inhibit or induce cytochrome P450
25-hydroxylase enzyme activity, which is responsible for
converting ergo- and cholecalciferol (dietary sources of
vitamin D) to the circulatingmetabolite 25(OH)D, were fur-
ther categorised as having a drug–vitaminD interaction and
used as a covariate in statistical analyses(31).

Vitamin–mineral supplementation along with dosage,
start and/or discontinue date was also collected from the
medical record. Vitamin D supplementation was defined
as a supplement containing ≥5 μg/d of vitamin D2or3,
which included single-ingredient vitamin D supplement,
Ca with vitamin D and multivitamins. To determine the
specific amount of vitamin D provided by multivitamins,
each LTC community provided their house multivitamin
formulary.

Nutritional analysis
Each community provided their spring/summer 2018 cycle
menus along with the corresponding nutritional analyses
and serving sizes. The nutritional analyses did not include
vitamin D, so a trained LTC-Registered Dietitian Nutritionist
used the USDANutrient Composition Database to calculate
the estimated daily average of vitamin D (μg) provided in
meals(32). Nutritional analyses were conducted using
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generic recipes and community-specific serving sizes. To
ensure the calculated analysis was credible, the macro-
and micronutrients of the calculated analyses were com-
pared with the nutritional analysis provided by each LTC
community. The amount of vitamin D provided from oral
nutritional supplementation (i.e. energy/protein shakes)
was documented and included in the daily vitamin D meal
total for each participant.

Measurements/serum analysis
Despite the expected time spent outdoors and accompany-
ing sun exposure to be minimal for LTC patients, fasting
venous blood draws were obtained from all participants
during the summer of 2018, when serum 25(OH)D concen-
trationswere predicted to be the highest (average high tem-
perature of 35·1ºC (95·2ºF) in Austin, Texas)(12,33,34). The
Endocrine Society clinical practice guidelines were used
to define serum 25(OH)D concentrations as sufficient
(≥75 nmol/l) and insufficient (<75 nmol/l)(12). To ensure
each LTC community maintained regulatory compliance
with the Texas Department of Health and Human
Services and the Center for Medicare and Medicaid
Services, a mobile diagnostic laboratory and phlebotomy
company that was both College of American Pathologists
Accredited and CLIA-88 certified (Clinical Laboratory
Improvement Amendments) were contracted to collect
blood samples. All test procedures followed the Clinical
Laboratory Standards Institute Evaluation Protocols. An
Access 25(OH)D vitamin D total chemiluminescent
immunoassay was used to measure serum 25(OH)D con-
centrations using the Access2 Immunoassay System
(Beckman Coulter). The Beckman Coulter Access
25(OH)D vitamin D Total assay is standardised and trace-
able to the gold standard 25(OH)D vitamin D Reference
Measurement Procedure (RMP) from Ghent University
(Ghent, Belgium)(35). Using Passing-Bablok regression
and Spearman correlation, a measurement procedure com-
parison evaluated serum samples (n 110) with Access
25(OH)D vitamin D Total assay (ng/ml) on the Access2
System and an isotope-dilution-LC-tandem-MS/MS
25(OH)D vitamin D (RMP by Ghent University) and pro-
duced the following results: R-value 0·95 (intercept-2·87,
95 % CI −5·44, −0·88, slope 1·01 (0·94, 1·10))(35).
Beckman Coulter reports the Access 25(OH)D vitamin D
assay to have a total CV≤ 10 %, which meets the vitamin
D Standardization Program criteria(35). Supporting this
claim is an independent 2017 study by Madenci et al.,
which evaluated the 25(OH)D vitamin D Total assay
(ng/ml) on the Access2 System analytical performance
and found a CV% of 8·1 and 7·7 % for low and high concen-
trations, respectively(36). Per manufactures specification
and laboratory policy, the Access 25(OH) vitamin D
Total assay undergoes quantitative assay calibration every
28 d using assay calibrators, which are traceable to the
Joint Committee for Traceability in Laboratory Medicine-

approved isotope-dilution-LC-tandem-MS/MS and RMP
developed at Ghent University. The calibrator’s RMP is fur-
ther traceable to the National Institute of Standards and
Technology standard referencematerial 2972(33). To validate
the accuracy of analysis, all critical concentrations were
automatically re-analysed, a delta check was conducted
on all specimens and a significant deviation (P< 0·01)
prompted a re-test.

Individuals were stratified into groups based onwhether
they received vitamin D supplementation or were non-
supplemented. The vitamin D-supplemented group was
further categorised based on the following treatment forms:
single-ingredient vitaminD (vitaminD2or3), Cawith vitamin
D, multivitamin and combination of the three treatments.
The total study population was categorised by supplemen-
tation dose rate prescribed per day: 0–9·9, 10–19·9, 20–
49·9, 50–99·9 and >100 μg/d. The 0–9·9 μg/d supple-
mented group included those not receiving any
supplementation. The dose range of 10–19·9 μg/d was
determined based on multiple studies that showed supple-
mentation <20 μg/d does not raise serum 25(OH)D con-
centrations above 75 nmol/l(20–22,37). The dose range of
20–49·9 μg/d was determined by the dietary reference
intake recommendation of 20 μg/d and several
randomised control trials that did not detect serum
differences in supplementation dose rates between 20
and 50 μg/d(15,21,37–40). The dose range of 50–99·9 μg/d
was determined based on limited prior data available
on serum concentration effects for these doses. Finally,
the dose range >100 μg/d was selected based on rando-
mised control trials showing supplementation of 1000
μg/d or higher resulted in serum concentrations ≥75
nmol/l(12,21,41).

Statistical analysis
Statistical analyses were performed using Stata v16
(StataCorp.). Descriptive analyses summarised population
characteristics; 25(OH)D serum concentrations; supple-
mentation treatment types and dose rates; and the pre-
valence of vitamin D sufficiency (≥75 nmol/l) and insuf-
ficiency (<75 nmol/l). Continuous variables are presented
as mean with their standard errors and as percentages for
categorical variables. Depending on variable t test, χ2 or
ANOVA determined mean differences in serum 25(OH)
D concentrations. Factorial ANCOVA compared serum
25(OH)D concentrations across different dietary supple-
mentation treatment types and dose ranges. Covariates
in ANCOVA included: vitaminD provided inmeals (μg/d),
years living in the LTC community, age, race, sex, BMI,
diagnosis of renal and liver disease, and prescribed med-
ications with a drug–vitamin D interaction. Bonferroni-
type adjustment corrected for multiple comparisons with
an adjusted significant P-value of P≤ 0·005. Linear regres-
sion determined the minimal dose of vitamin D supplemen-
tation required to achieve sufficient serum concentrations
(≥75 nmol/l). Multiple logistic regression was used to
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determine significant predictors of sufficient serum 25(OH)
D concentrations among the various treatment regimens
within supplementation dose rates and treatment forms
while controlling for the above covariates. P-values of
<0·05 were set as the threshold for statistical significance
for the ANCOVA models.

Results

A total of 180 participants were recruited; however, four
refused blood draws, and three died during the study
period. Therefore, analyses were performed on 173 partic-
ipants with complete data. Participants were older (age:
83 ± 0·82 years), and the majority were Caucasian (89 %),
women (61 %) and overweight (BMI: 26 ± 0·43 kg/m2).
Thirty-eight percentage were not prescribed a vitamin D
supplement, and 55 % of participants had insufficient
25(OH)D (<75 nmol/l). Participants were prescribed an
average of 11 (range 1–22) medications per day (including
on average 2 vitamin–mineral supplements), with 52 %
receiving at least one medication with a drug–vitamin D
interaction. The calculated estimated daily average intake
of vitamin D provided in meals (which included fortified

foods) was 5 μg/d. As seen in Table 1, themean serum dose
rate of vitamin D supplementation and 25(OH)D concen-
trations did not differ between demographic characteristic
groups (sex, race and level of care).

Mean comparisons between different
supplementation treatment forms
Only four individuals received vitamin D2 alone, so vitamins
D2 and D3 were combined into one treatment category
(vitamin D2or3). As seen in Table 1, the most commonly
provided vitamin D supplement was a combination (44 %),
with the least being coming from a Ca þ vitamin D supple-
ment (16 %). The mean dose rate of those supplemented
was 50 ± 6 μg/d (range 5–375 μg/d), with the highest dose
provided by the vitamin D2or3, followed by the combina-
tion treatment forms. Mean serum 25(OH)D concentration
was 94 ± 4 nmol/l. As expected, when compared with
non-supplemented individuals, those supplemented had
a higher vitamin D intake (50 v. 0·2 μg/d, P< 0·001) and
serum 25(OH)D concentrations (94 ± 4 v. 60 ± 3 nmol/l,
P < 0·001), on average. Insufficient serum concentrations
were observed in 42%of those supplemented comparedwith
81% non-supplemented (P< 0·001).

Table 1 Population characteristics: mean supplementation dose rates and serum 25(OH)D concentrations

n, %
Dietary supplement intake

dose rate (μg/d) (mean, SE)† P-value‡
Serum 25(OH)D

(nmol/l) (mean, SE)† P-value‡
Insufficient

(<75 nmol/l) (%) P-value‡

Sex
Female 107, 61 30, 6 83, 4 53
Male 66, 39 30, 5 0·957 80, 3 0·731 58 0·524

Race
Caucasian 159, 89 31, 6 83, 3 55
Non-Caucasian 19, 11 21, 4 0·460 70, 7 0·216 53 0·813

Level of care
AL 62, 35 33, 8 89, 3 48
SNF 111, 65 28, 4 0·501 77, 3 0·063 59 0·181

Medical diagnosis
Liver disease* 8, 5 21, 6 0·629 55, 15 0·061 87 0·060
Renal disease* 55, 32 38, 6 0·213 83, 4 0·942 44 0·024

Medication interaction‖ 90, 52 32, 7 0·555 75, 6 0·155 45 0·563
Total population 173, 100 30, 4 80, 3 55
Vit D supplemented 108, 62 50, 6 94, 4 42
Non-supplemented 65, 38 0.2, 0.1 <0·001 60, 3 <0·001 81 <0·001

Supplementation treatment forms§
Vit D2or3 29, 27 73 14 92, 6 35
Ca þ D 14, 13 13, 2 73, 6 50
MVI 17, 16 12, 1 71, 5 77
Combo 48, 44 58, 8 <0·001 108, 8 <0·001 30 <0·001

Supplement dose range (IU/d)§
0–399 70, 41 0.2, 0·1 63, 3 79
400–799 27, 45 11, 0·4 73, 5 59
800–1999 30, 17 27, 2 88, 5 43
2000–3999 30, 17 58 1 104, 6 27
>4000 16, 9 152, 23 <0·001 133, 19·5 <0·001 19 <0·001

AL, assisted living; SNF, skilled nursing facility; VitaminD2or3, supplement containing either vitaminD2 or D3;MVI,multivitamin; CaþD,Caþ vitaminD;Combo, combination of
vitamin.
*Compared with not having diagnosis of liver or renal.
†Supplementation continuous variable reported as means with their standard errors.
‡P-value determined by t-text, χ2 or ANCOVA depending on variable.
§Percentages within each category.
‖Compared with medication without drug–vitamin D interaction.
ANCOVA Covariates: age, BMI, sex, years living in community, diagnosis of liver or renal disease, vitamin D provided in meals and oral supplements, and medication with a
drug–vitamin D interaction.
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Table 1 also demonstrates that mean supplementation
dose rates, serum 25(OH)D concentrations and prevalence
of insufficient serum concentrations differed significantly
across all four forms of vitamin D supplementation treatment
types (all P< 0·001), with those receiving vitamin D from a
D2or3 or combination sources achieving the highest serum
concentrations. Serum 25(OH)D also significantly increased
as supplementation dose increased (all P’s< 0·001). As
expected, a higher prevalence of serum vitamin D insuffi-
ciency was observed in those in the 0–9·9 μg/d group com-
pared with the >100 μg/d group (79 v. 19%; P< 0·001).

Table 2 shows pairwise comparisons of serum 25(OH)D
concentrations across the different supplementation treat-
ment forms. It was observed that compared with the
non-supplemented group, those in the vitamin D2or3 and
combination groups had approximately 30–40nmol/l higher
serum 25(OH)D concentrations (P’s< 0·001). Further, con-
suming a combination of supplements also results in
approximately 30 nmol/l higher serum 25(OH)D concentra-
tions than that observed in the multivitamin group (P=
0·003). Table 2 also shows pairwise comparisons of mean
serum 25(OH)D concentrations across the different supple-
mentation dose ranges. In general, it was observed that
serum concentration significantly increased as supplementa-
tion dose increased.

Linear regression was performed to determine the pre-
dicted vitamin D supplementation dose rate required to
achieve sufficient serum 25(OH)D concentration. The model
(R2= 0·31 (95 % CI 0·03, 0·005), P< 0·001) explained 36%
of the variability between serum concentrations and supple-
mentation dose rate. The equation predicting minimal

supplementation dose rate required to achieve sufficient
serum 25(OH)D concentrations of ≥75 nmol/l is:

25ðOHÞDSerumConcentrations

¼ 26 � 11 þ 0 � 008 ð=d vitaminDÞ

Thus, 1 IU/d of vitamin D supplementation resulted in a
0·008 nmol/l increase in serum 25(OH)D concentrations.
Using this predictive equation, a supplementation dose rate
of 37·5 μg/d would be required to achieve sufficient serum
25(OH)D concentration of 75 nmol/l.

Of the treatment forms, only vitaminD2or3 (OR: 9·0 (95%
CI 3·1, 25·7), P< 0·001) and combination of supplementa-
tion treatment forms (OR 6·8 (95 % CI 2·7, 17), P< 0·001)
significantly increased the odds of having sufficient serum
25(OH)D concentration, whereas Ca with vitamin D and
multivitamins were not significant determinates when com-
pared with the non-supplemented group. Further, com-
pared with the 0–9·9 μg/d group, all supplementation
dose range categories significantly increased the odds of
having sufficient serum concentrations 20–49·9 μg/d: (OR
4·2 (95 % CI 1·6, 10·6), P< 0·03); 50–99·9 μg/d: (OR 10·8
(95 % CI 4, 30·6), P < 0·001); >100 μg/d: (OR 14·7 (95 %
CI 3·2, 68·5), P< 0·001), except for the 10–19·9 μg/d group
(OR 2·4 (95 % CI 0·9, 6·3), P= 0·11).

Discussion

With vitamin D’s role in the regulation of immunity, along
with its potential to reduce the risk of viral infections, cor-
recting insufficient serum 25(OH)D concentrations in older

Table 2. Pairwise comparison of serum 25(OH)D concentrations across supplementation treatment forms and dose ranges

Mean difference* (nmol/l) Bonferroni 95% CI P-value†

Supplement treatment type
Vit D2or3 v. No D supplement 30·3 7·5, 53·3 0·001
Ca þ Vit D v. No D supplement 22·0 −12·0, 48·0 0·070
MVI v. No D supplement 8·0 −20·0, 35·6 1·000
Combo v. No D supplement 39·5 27·8, 66·5 0·001
Ca þ Vit D v. Vit D2or3 −8·3 −45·6, 20·5 1·000
MVI v. Vit D2or3 −22·3 −54·0, 8·0 0·130
Combo v. Vit D2or3 9·3 −7·5, 40·5 1·000
MVI v. Ca þ Vit D −14·0 −47·0, 26·5 1·000
Combo v. Ca þ Vit D 17·5 −1·8, 60·0 0·410
Combo v. MVI 31·5 10·8, 68·3 0·003

Supplement dose range (μg/d)
10–19·9 v. 0–9·9 11·0 −11·0, 33·0 1·000
20–49·9 v. 0–9·9 24·5 3·0, 46·0 0·001
50–99·9 v. 0–9·9 42·5 21·3, 64·0 0·001
>100 v. 0–9·9 69·0 42·3, 69·0 0·001
20–49·9 v. 10–19·9 13·3 −12·8, 39·0 1·000
50–99·9 v. 10–19·9 31·5 5·5, 57·0 0·005
>100 v. 10–19·9 58·3 27·5, 89·0 0·001
50–99·9 v. 20–49·9 18·3 −7·25, 43·5 0·430
>100v. 20–49·9 44·8 14·5, 75 0·001
>100 v. 50–99·9 26·5 −3·5, 56·8 0·130

Vitamin D2or3, supplement containing either vitamin D2 or D3; MVI, multivitamin; Ca þ Vit D, Ca þ vitamin D; Combo, combination of vitamin D supplementation types.
*Difference of means between pairs (nmol/l).
†P-value determined by ANCOVA with Bonferroni adjustments.
Adjusted P-value significant at P< 0·005.
Covariates: age, BMI, sex, years living in community, diagnosis of liver or renal disease, vitamin D provided inmeals, andmedication that interferes with vitamin Dmetabolism.

86 RN Robbins et al.



adults, especially those living in LTC communities, has
never been more important than during the COVID-19 pan-
demic(6,7). Our study adds to the LTC literature because it sug-
gests that supplementation with vitamin D2or3 alone or a
combination of therapies (including vitamin D, Ca with vita-
min D and/or a multivitamin) may lead to a better ability to
raise serum 25(OH)D to sufficient concentrations compared
with a multivitamin or Ca with vitamin D supplement
alone. Further, it also suggests that at least 37·5 μg/d of
vitamin D is needed to maintain or treat insufficient serum
25(OH)D concentrations in older adults living in LTC.

The majority of national and international health organ-
isations agree that individuals living in LTC communities
should receive a vitamin D supplement; however, recom-
mendations on the dose rate required and target serum
25(OH)D concentration remain controversial(12,13,42). The
wide variability in 25(OH)D assays has been cited as a limit-
ing factor preventing consensus of serum cut-off points(43).
This study adds to the literature because it used 25(OH)D
assays that were standardised and traceable to the gold
standard 25(OH) vitamin D RMP from Ghent University
(Ghent, Belgium)(35). Further, we analysed these results in
light of current Endocrine Society cut-off values for
sufficiency/insufficiency; however, serum 25(OH)D
concentration cut-off points used to define deficient,
insufficient and sufficient remain controversial and highly
debated among leading health organisations, specifically
between The Endocrine Society’s 2012 and National
Academy of Medicine’s 2011 guidelines(43). It should be noted
that the target audience onwhich the guidelines are based is a
contributing factor to the controversy. The Endocrine Society’s
guidelines are designed for clinical practice, while theNational
Academy of Medicine’s are designed for overall public health
targeted at healthy non-diseased populations(43).

Our results suggest that less than half of LTC residents
had sufficient serum 25(OH)D concentration of ≥75 nmol/l.
These results are similar to a study conducted in Pittsburgh,
Pennsylvania showing that 52% of LTC residents have suffi-
cient serum concentrations(16). The number of LTC residents
who received at least 5 μg/d of vitamin D supplementation in
the current study (62%) was higher than expected based
upon prior evidence suggesting ranges of 10–50%; however,
42% of those supplemented failed to reach sufficient serum
25(OH)D concentrations(17,24,44). These data indicate that
despite the higher-than-expected prevalence of supplementa-
tion, the prescribed supplementation dose rateswere possibly
too low, not treated for a long enough duration, or serum
25(OH)D concentrations were very low at the start of supple-
mentation. These results are supported by multiple studies,
including a 2015 randomised control trial of vitamin D-defi-
cient LTC residents that showed supplementation of 20 μg/
d took at least 12 weeks of supplementation for serum
25(OH)D concentrations to reach a steady state, and 60%
of those never achieve the target serum 25(OH)D concentra-
tion of≥75 nmol/l(16,22,37). In the current study, all supplemen-
tation dose ranges were successful at reaching the target

serum 25(OH)D concentrations of 75 nmol/l, expect dose
ranges of <20 μg/d in at least some residents.

As expected, this study showed that as supplementation
dose rate increases, serum 25(OH)D concentration also
increases. Based on our predictive regression equation,
we find that serum 25(OH)D concentrations increase
approximately 8·0 nmol/l (3·0 ng/ml) for every 25 μg of
vitamin D. A meta-analysis of sixteen randomised control
trials of free-living adults by Black et al. also developed
a predictive equation, and determined serum 25(OH)D
concentrations increased 1·2 nmol/l for every 1 μg of
ingested fortified foods(45). Black et al. equation predicts
a greater increase in serum concentration per μg supple-
mented than our study; however, the author acknowledges
that the results should be interpreted with caution due to a
high level of heterogeneity across the studies (i.e. environ-
mental and methodology variability, population and age
differences, range of assays used to measure 25(OH)D,
daily doses of vitamin D and food sources). On the other
hand, a study with a similar design as ours by Singh et al.
concluded that a 5·0 nmol/l (2·0 ng/ml) increase in serum
25(OH)D concentrations occurred for every 25 μg of vita-
min D supplemented in older adults in LTC commun-
ities(19). Nevertheless, our study’s predicted rise in serum
concentration of 8 nmol/l for every 25 μg of vitamin D
shows that more vitamin D supplementation is required
in the LTC population and is a concern even if targeted
serum concentrations were <75 nmol/l.

Using the regression equation developed in our study,
the findings suggest 37·5 μg/d of vitamin D is needed to
achieve sufficient serum 25(OH)D concentrations. Several
studies have also found similar results, including a study by
Bischoff-Ferrari et al. that determined a supplementation
dose rate >25 μg/d is required for older adults in LTC to
achieve serum 25(OH)D concentration of ≥75 nmol/l(20).
Further, Kotlarcrzy et al. concluded that supplementation
of 20 μg/d (800 IU)/ in LTC residents brought serum
25(OH)D concentrations to the National Academy of
Medicine serum recommendation of ≥50 nmol/l, but these
rates were not able to reach ≥75 nmol/l(16). Thus, our
results support the current recommendations set by the
U.S. Endocrine Society Clinical Practice Guidelines that
37·5–50 μg/d (1500–2000 IU) of vitamin D is needed to
reach and maintain 25(OH)D ≥ 75 nmol/l(12).

Our results should be interpreted in light of several study
strengths and limitations. With regard to strengths, wewere
able to identify and control for medications metabolised by
the cytochrome P450 25-hydroxylase enzyme, which has
the potential to affect vitamin D status or alter supplemen-
tation effectiveness. In this study, 52 % of participants
received at least one medication with a drug–vitamin D
interaction. Further, we were able to estimate daily vitamin
D content provided in meals. Suominen et al. similarly
found the nutrient content of vitamin D served to residents
in LTC to be 5 μg/d with an estimated consumption of
<2·5 μg/d(46). Several study limitations also exist. Due to
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limitations of the retrospective study design and because of
our desire to understand current LTC practices, we were
unable to standardise food intake and physical activity (par-
ticularly outdoor activity reflective of direct sun exposure).
However, it should be noted that it is a common practice
by dietary supplement manufacturers to add ingredients
greater than the label-claim (overage amount) to account
for shelf life and losses during processing. These overages
were not estimated in this study. With vitamin D overage
amounts estimated to be up to ˜40%(47), this could have
resulted in an underestimate of vitamin D intake from
supplementation and its effect on serum concentrations.
Further, due to the available information in the medical rec-
ord, we also were unable to determine total supplement
duration and utilisation of loading doses. Loading doses
are often prescribed to quicken return to a steady state,
which often is not reached until 3–4 months of supplemen-
tation(21,48,49). Compliance with supplementation was also
not available; however, individuals living in LTC are
reported to be 96% compliant when taking medications(50).
Nevertheless, because this study examines commonly used
supplementation patterns in LTC residents, it does have high
generalisability.

Conclusion

Our results add to the growing need for health organisa-
tions to agree on serum cut-off concentrations used to
define vitamin D status and provided clear clinical practice
guidelines on dose rates and target serum 25(OH)D con-
centration for practitioners. We find that the current dietary
reference intake of 20 μg/d may be too low to reach and
maintain sufficient serum concentrations in older LTC res-
idents. Our results support the U.S. Endocrine Society
Clinical Practice Guidelines, which recommends 37·5–50
μg/d (1500–2000 IU) to maintain serum 25 (OH)D concen-
trations above 75 nmol/l(12), but adds to this by suggesting
that supplementation with either vitamin D2or3 alone or a
combination vitamin D supplementation may be needed
to achieve sufficient serum 25(OH)D concentration in
patients living in LTC communities. Until a consensus is
reached, individuals in LTC may continue to receive sup-
plementation dosages that are ineffective at reaching suffi-
cient serum 25(OH)D concentrations (>75 nmol/l), thus
are potentially increasing the risk for adverse outcomes
associated with non-skeletal health conditions(3). These
results have immediate implication and can be used by
practitioners (physicians, dietitians and nurses) to maintain
or achieve sufficient serum 25(OH)D concentrations in LTC
older adults and potentially reduce COVID-19 infection
rates, progression and disease severity.
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