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Accenied Vitamin D insufficiency has been linked to multiple conditions including bone disease,
ccepted:

Published: respiratory disease, cardiovascular disease, diabetes, and cancer. Observational studies

indicate lower healthcare costs and healthcare utilization with sufficient vitamin D levels.
BY

The secondary aims of our previously published pragmatic clinical trial of vitamin D3
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Submitted for possible open access  supplementation were comparisons of healthcare costs and healthcare utilization. Com-
publication under the terms and con- . . . .
ditions of the Creative Commons At-  parisons were made between the vitamin D3 at 5000 IU supplementation group and a

tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/). non-supplemented control group. Costs of care between the groups were not statistically

different. Vitamin D3 supplementation reduced healthcare utilization in four major cate-
gories: hospitalizations for any reason (rate difference: -0.19 per 1000 person-days, 95%-
CI: -0.21 to -0.17 per 1000 person-days, p < 0.0001); ICU admissions for any reason (rate
difference: -0.06 per 1000 person-days, 95%-CI: -0.08 to -0.04 per 1000 person-days, p <
0.0001); emergency room visits for any reason (rate difference: -0.26 per 1000 person-days,
95%-CI: -0.46 to -0.05 per 1000 person-days, p = 0.0131; and hospitalizations due to Covid-
19 (rate difference: -8.47X103 per 1000 person-days, 95%-CI: -0.02 to -1.05X10? per 1000
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mended for replication of these utilization findings and analysis of cost differences.
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1. Introduction

Vitamin D insufficiency has been linked to multiple conditions including bone dis-
ease [1], respiratory disease [2-4], cardiovascular disease [5], diabetes [6], and cancer [7].
Low vitamin D levels are also associated with in-hospital mortality [8], obesity [9], older
age [9], and non-Hispanic Black race [9]. Vitamin D deficiency was closely linked to in-
creased healthcare costs and healthcare utilization in veterans in Northeastern Tennessee:
overall cost, emergency room visits, clinic visits, inpatient services, and hospital stays
were greater in the vitamin D deficient patients when compared to those with adequate
levels [10]. Similarly, vitamin D deficiency was associated with increased healthcare costs
at six Veterans Affairs Medical Centers in the Southeastern United States [11,12]. In a com-
munity hospital study of 258 patients admitted to the surgical intensive care unit (ICU),
vitamin D deficiency was associated with increased cost, length of stay, and mortality [13].
In another community hospital study of 565 patients, patients with vitamin D levels less
than 18 ng/ml had higher hospital ward costs and higher ICU costs. They also had more
frequent myocardial infarctions, ventilator-associated pneumonias, and longer hospital
ward and ICU stays [14]. In two German independent population-based studies (n=7217
total), vitamin D deficiency was associated with increased total annual costs, outpatient
costs, inpatient costs, and hospital stays [15]. Based on these studies, we postulated that
people with sufficient vitamin D levels have lower healthcare costs and less healthcare
utilization than those with lower vitamin D levels.

A previously published pragmatic trial by our group demonstrated that vitamin D3
supplementation at 5000 IU/day reduces influenza-like illness in hospital workers [2].
Herein we describe the results of the secondary aims of this study which were to assess
healthcare costs and healthcare utilization outcomes [2].

2. Materials and Methods

Details of our pragmatic randomized clinical trial examining the effects of daily in-
take of 5000 IU of vitamin D3 on the incidence of influenza-like illness in healthcare work-
ers have been published earlier [2]. Included in that publication are the CONSORT flow
diagram, CONSORT checklist, and Clinical Trial Registration number). The local Institu-
tional Review Board approved the study (IRB #20-455). Here we describe our methods of
data acquisition and analysis of our secondary aims of comparing healthcare costs and
healthcare utilization in the control and intervention groups.

2.1. Subjects

Subjects were employees of an inner-city university hospital who were at least 18
years of age. All subjects analyzed in the costs and utilization part of the study were in-
sured for their healthcare through the university hospital. Subjects who were not insured
through the university hospital healthcare plan were not included in the analyses as their
healthcare costs and utilization records were not available. In addition subjects in the pas-
sive control group were those who voluntarily completed a survey that included their
informed consent, demographics, and medical history which were used for comparison
with the intervention group’s demographics and clinical characteristic.

2.2. Intervention and control groups
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As indicated above the intervention group received 5000 IU of vitamin D3 per day
for 9 months. The passive control group received no specific instructions and were fol-
lowed from the start of the study until the last participant of the intervention group com-
pleted 9 months of vitamin D3 supplementation.

2.3. Observation Periods

The observation periods were the sum of individually calculated, de-identified sub-
ject data for each group. The individual intervention subjects' observation period began
on their date of first dose (plus sixty days) or the date their insurance coverage began,
whichever was later; their observation period ended on the date of their last dose or the
date their insurance coverage was terminated, whichever was earlier.

The individual control subjects’ observation periods began on the date of the first
intervention subject’s first dose (plus sixty days) or the date insurance coverage began for
the control subject, whichever was later; it ended on the date of the last intervention sub-
ject’'s last dose or the date insurance coverage was terminated for the control subject,
whichever was earlier.

Sixty days was added to the date of first dose of vitamin D3 for the intervention group
subjects as this is the time period known to achieve therapeutic vitamin D blood levels
[16]. The first intervention subject’s first dose plus sixty days was January 2, 2021. The last
intervention subject’s last dose was November 23, 2021. The overall time span observed
for all subjects combined was 10.9 months (326 days). The person-time denominators for
the control and intervention groups were 590,348 and 37,935 person-days, respectively.

2.3. Data Acquisition

De-identified data on healthcare costs and healthcare utilization was obtained from
the administrators of the university hospital employee insurance plan.

2.4. Measurements and Statistical Analysis

2.4.1. Demographics and Clinical Characteristics

Demographics and comorbidity data were collected from both groups via survey. All
subjects in the passive control group were invited to voluntarily complete a survey that
included their informed consent, demographics, and medical history which were used for
comparison with the intervention group’s demographics and clinical characteristic.

Descriptive statistics were used for describing the demographics and comorbidities
of the intervention and control groups. To provide an objective means to identify mean-
ingful differences in demographic and clinical characteristics between the intervention
and control groups, we used standardized mean differences with a cutoff of 20% or 0.20
[17-19]. Costs and utilization data were available only on subjects who were insured by
the university hospital.

2.4.2. Healthcare Costs

Healthcare costs for the control and intervention groups were determined for six cat-
egories including total billed charges for any reason; cost of hospitalizations due to
COVID-19; cost of ICU admissions due to COVID-19; cost of ventilator use due to COVID-
19; medical pharmacy prescription costs for any reason; and freestanding prescription
costs for any reason. All costs were determined by the billed charges for each category.
The mean cost per person-day (standardized mean) was calculated for each category. Dif-
ferences in standardized means between control and intervention groups were assessed
using Wilcoxon rank-sum tests to determine statistical significance. The alpha level was
set at 0.05. All analyses were done using SAS 9.4 (SAS Institute, Inc., Cary, NC).

2.4.3. Healthcare Utilization
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Healthcare utilization was determined for fifteen categories: 1) number of hospitali-
zations for any reason; 2) number of ICU admissions for any reason; 3) number of emer-
gency room visits for any reason; 4) number of hospitalizations due to Covid-19; 5) num-
ber of ICU admissions due to Covid-19; 6) all other outpatient units for any reason; 7)
number of urgent care visits for any reason; 8) number of primary care physician units for
any reason; 9) number of nurse practitioner units for any reason; 10) all other professional
units for any reason; 11) number of medical pharmacy units for any reason; 12) number
of freestanding prescriptions for any reason; 13) number of ventilator use for any reason;
14) number of ventilator use due to Covid-19; and 15) number of deaths for any reason.

Incidence rates (number of events per person-days) for all utilization categories were
calculated and compared between control and intervention groups using count models
(Poisson (P), negative binomial (NB), and zero inflated negative binomial (ZINB)) with
person-days used at offset. The model with the smallest Akaike Information Criterion
(AIC) and Bayesian Information Criterion (BIC) values was chosen for each event. All
analyses were done using SAS 9.4 (SAS Institute, Inc., Cary, NC) and conclusions made at
5% significance level.

3. Results
3.1 Subjects

The sample size for the intervention group and passive control group was 196 and
1,958, respectively, as this was the number study subjects who were insured by the uni-
versity hospital.

3.2. Demographics and Clinical Characteristics

Demographics and clinical characteristics were similar in the control and interven-
tion groups, Table 1. We compared intervention group subjects (196) to control group sub-
jects who voluntarily provided their demographic and comorbidity data via survey (444
out of 1,958). We found no relevant differences between the groups for a range of demo-
graphic and clinical characteristics, except for age, Hispanic or Latino ethnicity, and Not
Hispanic or Latino ethnicity, each of which was slightly above the predefined standard-
ized difference threshold of 0.20 (the standardized difference was 0.23 in each case).

Table 1. Demographic and clinical characteristics of the vitamin D supplementation and control

groups.
Vitamin D3 Control Standardized
(n =196) (n=444) Difference
Age at enrollment in years, mean + SD 47 +12 50+13 0.23
Gender, n (%)
Man 46 (23) 106 (24) 0.01
Woman 149 (76) 337 (76) 0
Other 1 (0.5) 1(0.2) 0.05
Race, n (%)
American Indian / Alaska Native 1 (0.5) 1(0.2) 0.05
Asian 9 (5) 26 (6) 0.06
Black/African American 23 (12) 41 (9) 0.08
Native Hawaiian/other Pacific Islander 2(1) 0 (0) 0.14
White 144 (73) 348 (78) 0.12
More than one race 6(3) 14 (3) 0.01
Other 11 (6) 14 (3) 0.12
Ethnicity, n (%)

Hispanic or Latino 22 (11) 22 (5) 0.23
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Not Hispanic or Latino 174 (89) 419 (95) 0.23

Body mass index in kg/m2, mean + SD 306 29+7 0.17

Comorbidities, n (%)
Cardiovascular disease 48 (24) 130 (29) 0.11
Respiratory disease 32 (16) 84 (19) 0.07
Eye disease 9(5) 14 (3) 0.07
Gastrointestinal disease 79 (40) 169 (38) 0.05
Urological disease 14 (7) 52 (12) 0.16
Liver disease 3(2) 6 (1) 0.02
Hematological disease 23 (12) 40 (9) 0.09
Dermatological disease 35 (18) 57 (13) 0.14
Diabetes 13 (7) 36 (8) 0.06
Endocrine disease (other) 28 (14) 58 (13) 0.04
Malignant disease 11 (6) 24 (5) 0.01
History of vitamin D deficiency, n (%) 47 (24) 137 (31) 0.15
Previous COVID-19, n (%) 12 (6) 19 (4) 0.08

3.3. Healthcare Costs

The total billed costs in the control group was $41,109,649.83 while the total billed
costs in the intervention group was $2,318,500.31. The person-time denominators for the
control and intervention groups were 590,348 and 37,935 person-days, respectively.

Three of the six measured parameters indicated less costs in the intervention group.
Two parameters indicated less costs in the control group. One parameter indicated no
difference at all. There were no statistical differences in any of the cost comparisons. There
was a statistical trend in the free-standing pharmacy cost comparison indicating less cost
for the control group. See Table 2.

Table 2. Standardized Costs by Treatment Groups in US Dollars

Control (N=1,958) Intervention (N=196) .

Differ- o
Mean Median Mean Median ence 95%-CI p-Value
(SD) (Q1, Q3) (SD) (Q1, Q3)

Total billed charges
for any reason

69.3(179) 20.1(6.7,61.9) 61.3(103) 22.2(8.5,741) -804 -245t084  0.36

Cost of hospitalizations

doe e Cob g 0.56 (12.5) 00, 0) 0 (0) 0(0,0) 056  -23t012 048
Cost of ICU admissions

doe e Conid 19 0.33 (8.9) 00, 0) 0 (0) 0(0,0) 033 -072t00.06 058
Cost of ventilator use

due to Covid-19 (zeros entry)

Medical pharmacy prescription () o, ) 0(0,0) 7.4 (51.4) 0(0,0) 1.05 731094 052
costs for any reason

Freestanding prescription 9.05(383) 14(0254) 134(349) 1.6(04,81) 44  -12t099 007

costs for any reason

SD-Standard Deviation; CI-Confidence Interval. Difference uses control group as reference.

3.4. Healthcare Utilization
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Four of the 15 measured parameters comparing the control group with the interven-
tion group showed a statistically significant difference indicating lower healthcare utili-
zation in the intervention group. The four parameters were: number of hospitalizations
for any reason; number of ICU admissions for any reason; number of emergency room
visits for any reason; and number of hospitalizations due to Covid-19.

There was a trend toward statistical significance for the number of urgent care visits
for any reason and the number of ICU admissions due to Covid-19, indicating fewer in
the intervention group. Five parameters indicated greater utilization in the intervention
group but were not statistically significant: all other outpatient units for any reason, num-
ber of primary care physician units for any reason, all other professional units for any
reason, number of medical pharmacy units for any reason, and number of freestanding
prescriptions for any reason. One of the four remaining comparisons, number of nurse
practitioner units for any reason, showed decreased utilization in the intervention group
without statistical significance. See Table 3. The last three comparisons, number of venti-
lator use for any reason, number of ventilator use due to Covid-19, and number of deaths
for any reason, showed no difference at all (all entries were zero thus are not listed in
Table 3).

Table 3. Comparisons of Utilization Between Control and Intervention Groups

Control Intervention
(N=1,958) (N=196) Relati Rat
Sum of Rate Sum of Rate canve 95%-CI p-Value _. are 95%-CI p-Value
Rate Difference
eventsor per1000 eventsor per 1000
units person-days units person-days
Number of hospitalizations 0.19 0 1.46X1071  7.8X1011  OtoN/A 099 019  021to-0.17 <0.0001
for any reason”
Number of ICU admissions ;¢ 0.06 0 811X1072 1.33X1070  0toN/A  0.99 006  -0.08to-004 <0.0001
for any reason NB
Number of emergency room 0.55 11 0.29 053  027t01.03  0.06 026  -046t0-0.05 0.0131
visits for any reason NP
Number of hospitalizations 5 12 10 5 -0.02 to
do 5 8.47X10 0 1.97X1072  2.3X10 0 to N/A 099  -8.47X10 1 osxioe 00253
Number of ICU admissions -1.1X10-2 to
3 -13 -10 - -3
Qo i lor 3 5.08X10 0 725X1043  1.4X10 0 to N/A 099  -5.08X10 6 eOX10% 0.08
All other outpatientunits™ for 5o 5y 547 1,388 373 108 087t0133 05 2.6 5210104 051
any reason
Number of urgent care visits oo 3.47 55 229 066  037to1.17  0.16 12 25t0017  0.08
for any reason ZINB
Number of primary care physi- 5 8.69 355 9.76 112 092t0137 026 1.06 0.88t029 028
cian units** for any reason NB
Number of nurse practitioner g 152 54 1.39 092  059t0143 0.7 -0.12 0741005  0.69
units** for any reason N
3 3 *

All other professional units* 478 1,761 51.2 107  088to131 05 34 592t0135 045
for any reason ZINB
Number of medical pharmacy , -, 2.88 138 3.42 119 061t0229 061 0.54 170276  0.64
units*** for any reason NB
Number of freestanding pre- ), ;¢ 374 1,645 43 115  096t0139  0.14 5.7 2310136 016

scriptions for any reason ZINB

Models used include Poisson (P), Negative binomial (NB), Zero-inflated negative binomial (ZINB). The person-time denominators for the control

and intervention groups were 590,348 and 37,935 person-days, respectively. Relative rate uses control group as reference; CI-Confidence Interval.

* Unit examples: 1 unit =1 test, such as CAT/MRI/PET scan; 1 unit = 1 treatment, such as radiation therapy; 1 unit =1 service, such as radiol-

ogy/nuclear medicine including ultrasound and imaging; 1 unit = 1 session, such as occupational/speech therapy; ** Unit examples: PCP or NP

administers 3 vaccines = 3 units; ECG =1 unit; *** 1 unit # 1 medical pharmacy prescription; majority are 1 unit, but units could be based on per mg

or per hour of infusion; Models used include Poisson (P), Negative binomial (NB), Zero-inflated negative binomial (ZINB);

Outpatient includes services performed in outpatient hospital setting such as outpatient cardiologist, dermatologist, nephrologist, etc.; Primary

care physician (PCP) includes general practice, internal medicine, family practice, pediatrician, and ob/gyn. Nurse practitioner (NP) includes nurse
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practitioner, certified registered nurse practitioner (CRNP), CRNP PCP, nurse practitioner/clinical specialist. Professional includes services per-
formed in office setting such as cardiologist, dermatologist, nephrologist, etc. Medical pharmacy includes chemotherapy, rheumatology medica-
tions, Crohn's medications, etc. Freestanding prescriptions include prescriptions obtained at freestanding pharmacies.

4. Discussion
4.1. Principal Findings

The insurance claims data of subjects randomized to the vitamin D3 intervention arm
and of those subjects randomized to the passive control group in a pragmatic randomized
clinical trial was examined for healthcare costs and healthcare utilization. Six healthcare
cost parameters and 15 healthcare utilization parameters were evaluated. In the vitamin
D3 intervention group there were non-statistically significant decreases in: total billed
charges for any reason; cost of hospitalization due to Covid-19; and cost of ICU admis-
sions due to Covid-19. Utilization claims data indicated four areas in which the interven-
tion group showed statistically significant decreases in healthcare utilization: number of
hospitalizations for any reason; number of ICU admissions for any reason; number of
emergency room Vvisits for any reason; and number of hospitalizations due to Covid-19.

The healthcare utilization results of this study that took place in an East Coast inner-
city university hospital in the United States concur with the studies that were performed
in Veterans Administration (VA) Medical Centers in Northeastern Tennessee, VA Medical
Centers in the Southeastern US, two US community hospitals, and two independent pop-
ulation studies in Germany [10-15] as mentioned above. However, while directional
trends in costs were similar in the present study, there were no statistically significant cost
differences. A total sample size of 6,098 would have been required to provide sufficient
power to detect a mean difference of $8.04/person-day. Our total sample size (both groups
combined) was 2,154. Had our study been longer, it is possible that there would have been
greater cost differentials. The above studies were cross-sectional and retrospective. Our
study was a prospective pragmatic clinical trial, which when combined with the other
studies, indicates that despite differing populations, geographic locations, and methodol-
ogy there is a degree of convergence toward healthcare utilization reduction in the vita-
min D3 sufficient groups.

4.2. Methodological Considerations

A limitation of this study was that complete data was not available for either the
intervention or the control group, as claims data was only obtainable for those subjects
who were insured by the hospital healthcare plan. The two groups insured by this plan
demonstrated similar demographic and co-morbidity characteristics.

Future research using claims data can be useful in confirming or refuting that daily
vitamin D3 intake at 5000 IU can reduce healthcare costs and utilization. Such studies may
be particularly helpful when conducted in the context of large employment entities such
as university healthcare systems, large corporations, health insurance companies, and
health maintenance organizations, to ensure generalizability of results. Quasi-experi-
mental designs could be utilized where a cohort’s baseline healthcare costs and utilization
are compared to a prospective interval during which vitamin D3 is given. Randomized
placebo-controlled trials can be ethically problematic as observational studies indicate
some groups to be more vulnerable to diseases associated with lower vitamin D levels
[1,4-9]. Another possibility is a large cohort study with propensity score matching. Future
research also needs to consider other micronutrients that may potentiate the benefit from
vitamin D3 such as magnesium [20,21].

5. Conclusions
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In conclusion, 5000 IU of vitamin D3 taken daily reduced hospitalizations for any
reason, emergency room visits for any reason, ICU admissions for any reason and hospi-
talizations due to Covid-19 over a 10.9 month time span. Adequately powered studies of
longer duration are recommended.

Supplementary Materials: None

Author Contributions: Conceptualization, Patrick J. LaRiccia, Noud van Helmond and Myung
Chung; Data curation, Teresa Cafaro; Formal analysis, Patrick J. LaRiccia, Teresa Cafaro, Dibato
John and Noud van Helmond; Funding acquisition, Noud van Helmond; Investigation, Patrick J.
LaRiccia, Teresa Cafaro, Noud van Helmond and Ludmil Mitrev; Methodology, Patrick J. LaRiccia,
Dibato John and Noud van Helmond; Project administration, Patrick J. LaRiccia, Teresa Cafaro and
Noud van Helmond; Resources, Patrick J. LaRiccia and Teresa Cafaro; Software, Teresa Cafaro and
Dibato John; Supervision, Patrick J. LaRiccia, Noud van Helmond and Ludmil Mitrev; Validation,
Patrick J. LaRiccia, Teresa Cafaro and Noud van Helmond; Visualization, Patrick J. LaRiccia, Teresa
Cafaro, Noud van Helmond and Ludmil Mitrev; Writing —original draft, Patrick]. LaRiccia; Writing
— review & editing, Patrick ]. LaRiccia, Teresa Cafaro, Dibato John, Noud van Helmond, Ludmil
Mitrev, Brigid Bandomer, Tracy Brobyn, Krystal Hunter, Satyajeet Roy, Kevin Ng, Helen Goldstein,
Alan Tsai, Denise Thwing, Mary Ann Maag and Myung Chung (review only). All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the Won Sook Chung Foundation, grant number 310500749.
Vitamin D capsules were donated to the study by Res-Q Vital D3, N3 Oceanic Inc, Pennsburg, PA,
USA.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board of Cooper University Hospital
(protocol code 20-455 and date of approval 20 August 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to potential privacy concerns.

Acknowledgments: We extend gratitude to Susan J. Lamon, Jennifer A. Tracy, Justin Frisby, Nich-
olas Torney Sr., Jermaine Parker, Independence Administrators (Elissa Marsicano, Sheila Aber, Aa-
ron Smith-McLallen, Sonia Cordner and James Kelly), and to the healthcare workers who partici-
pated in this study.

Conflicts of Interest: All authors have completed the ICMJE uniform disclosure form at www.ic-
mje.org/coi_disclosure.pdf and declare: T.L.B., P.J.L., T.C,, B.B.,, KQ.N, H.G,, D.T. and M.A.M. have
employment relationships with the Won Sook Chung Foundation. All authors had no financial re-
lationships with any third party organizations that might have an interest in the submitted work in
the previous three years. T.L.B. and K.H. are members of the Cooper University Hospital Institu-
tional Review Board (CUH IRB) in the roles of unaffiliated scientist and affiliated biostatistician,
respectively. Per the CUH IRB SOPs and HHS federal regulation 45 CFR 46.107(e), T.L.B. and K.H.
left the meeting before any motions were made on this study; were not present for any final discus-
sions regarding the study; and did not participate on any votes regarding this study. This is reflected
in the CUH IRB meeting minutes. The funders had no role in the design of the study; in the collec-
tion, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish
the results.

References

1. Holick, M.F. High Prevalence of Vitamin D Inadequacy and Implications for Health. Mayo Clinic proceedings 2006, 81, 353-
373, doi:10.4065/81.3.353.

2. van Helmond, N.; Brobyn, T.L.; LaRiccia, P.J.; Cafaro, T.; Hunter, K.; Roy, S.; Bandomer, B.; Ng, K.Q.; Goldstein, H.; Mitrev,

L.V.; et al. Vitamin D3 Supplementation at 5000 IU Daily for the Prevention of Influenza-like Illness in Healthcare Workers:
A Pragmatic Randomized Clinical Trial. Nutrients 2022, 15, doi:10.3390/nu15010180.


https://doi.org/10.1101/2023.09.25.23296104
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2023.09.25.23296104; this version posted September 26, 2023. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

Nutrients 2023, 15, x FOR PEER REVIEW 9 of 10

3. Martineau, A.R;; Jolliffe, D.A.; Hooper, R.L.; Greenberg, L.; Aloia, J.F.; Bergman, P.; Dubnov-Raz, G.; Esposito, S.; Ganmaa,
D.; Ginde, A.A.; et al. Vitamin D supplementation to prevent acute respiratory tract infections: systematic review and meta-

analysis of individual participant data. BMJ 2017, 356, 16583, d0i:10.1136/bm;j.i6583.

4. Gilbert, C.R.; Arum, S.M.; Smith, C.M. Vitamin D deficiency and chronic lung disease. Canadian respiratory journal 2009, 16,
75-80, doi:10.1155/2009/829130.

5. Judd, S.E.; Tangpricha, V. Vitamin D Deficiency and Risk for Cardiovascular Disease. The American journal of the medical
sciences 2009, 338, 40-44, do0i:10.1097/MAJ.0b013e3181aaee91.

6. Martin, T.; Campbell, R.K. Vitamin D and diabetes. Diabetes spectrum 2011, 24, 113-118, doi:10.2337/diaspect.24.2.113.

7. Edlich, RF.; Mason, S.S.; Chase, M.E,; Fisher, A.L.; Gubler, K.D.; Long lii, W.B.; Giesy, ].D.; Foley, M.L. Scientific documen-

tation of the relationship of vitamin D deficiency and the development of cancer. Journal of environmental pathology, toxicology
and oncology 2009, 28, 133-141, doi:10.1615/JEnvironPathol ToxicolOncol.v28.i2.50.

8. Zhang, Y.-P.; Wan, Y.-D.; Sun, T.-W.; Kan, Q.-C.; Wang, L.-X. Association between vitamin D deficiency and mortality in
critically ill adult patients: A meta-analysis of cohort studies. Critical care (London, England) 2014, 18, 684-684,
doi:10.1186/s13054-014-0684-9.

9. Liu, X;; Baylin, A.; Levy, P.D. Vitamin D deficiency and insufficiency among US adults: prevalence, predictors and clinical
implications. British journal of nutrition 2018, 119, 928-936, doi:10.1017/S0007114518000491.
10. Peiris, AN.; Bailey, B.A.; Manning, T. The Relationship of Vitamin D Deficiency to Health Care Costs in Veterans. Military

medicine 2008, 173, 1214-1218, doi:10.7205/MILMED.173.12.1214.
11. Bailey, B.A.; Manning, T.; Peiris, A.N. Vitamin D testing patterns among six veterans medical centers in the southeastern

united states: Links with medical costs. Military medicine 2012, 177, 70-76, doi:10.7205/MILMED-D-11-00204.

12. Bailey, B.A.; Manning, T.; Peiris, A.N. The Impact of Living in Rural and Urban Areas: Vitamin D and Medical Costs in
Veterans: Rurality and Vitamin D in Veterans. The Journal of rural health 2012, 28, 356-363, doi:10.1111/j.1748-
0361.2012.00407 x.

13. Matthews, LRM.D.; Ahmed, Y.M.D.M.P.H.; Wilson, K.L.M.D.; Griggs, D.D.N.P.; Danner, O.K.M.D. Worsening severity of

vitamin D deficiency is associated with increased length of stay, surgical intensive care unit cost, and mortality rate in
surgical intensive care unit patients. The American journal of surgery 2012, 204, 37-43, doi:10.1016/j.amjsurg.2011.07.021.

14. Matthews, L.; Wilson, K.; Ahmed, Y.; Dennis-Griggs, D.; Thomas, C.; Childs, E.; Moore, C.; Danner, O. 1300: ECONOMIC
IMPACT OF VITAMIN D LEVELS LESS THAN 18 NG/ML ON HOSPITALS AND THIRD PARTY PAYERS. Critical care
medicine 2015, 43, 327-327, doi:10.1097/01.ccm.0000475131.92861.00.

15. Hannemann, A.; Wallaschofski, H.; Nauck, M.; Marschall, P.; Flessa, S.; Grabe, H.].; Schmidt, C.O.; Baumeister, S.E. Vitamin
D and health care costs: Results from two independent population-based cohort studies. Clinical nutrition (Edinburgh, Scot-
land) 2018, 37, 2149-2155, doi:10.1016/j.cInu.2017.10.014.

16. Aloia, ].F.; Patel, M.; Dimaano, R.; Li-Ng, M.; Talwar, S.A.; Mikhail, M.; Pollack, S.; Yeh, ].K. Vitamin D intake to attain a
desired serum 25-hydroxyvitamin D concentration. Am | Clin Nutr 2008, 87, 1952-1958, doi:10.1093/ajcn/87.6.1952.

17. Austin, P.C. Balance diagnostics for comparing the distribution of baseline covariates between treatment groups in propen-
sity-score matched samples. Stat Med 2009, 28, 3083-3107, doi:10.1002/sim.3697.

18. Cohen J. Statistical power analysis for the behavioral sciences; Routledge: 2013.

19. Stuart, E.A.; Lee, B.K.; Leacy, F.P. Prognostic score—based balance measures can be a useful diagnostic for propensity score
methods in comparative effectiveness research: Methods for Comparative Effectiveness Research/Patient-Centered Out-
comes Research: From Efficacy to Effectiveness. Journal of clinical epidemiology 2013, 66.

20. Uwitonze, A.M.; Razzaque, M.S. Role of Magnesium in Vitamin D Activation and Function. ] Am Osteopath Assoc 2018, 118,
181-189, doi:10.7556/jaoa.2018.037.


https://doi.org/10.1101/2023.09.25.23296104
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2023.09.25.23296104; this version posted September 26, 2023. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .

Nutrients 2023, 15, x FOR PEER REVIEW 10 of 10

21. Zittermann, A. Magnesium deficit - overlooked cause of low vitamin D status? BMC medicine 2013, 11, 229-229,
doi:10.1186/1741-7015-11-229.


https://doi.org/10.1101/2023.09.25.23296104
http://creativecommons.org/licenses/by/4.0/

	1. Introduction
	2. Materials and Methods
	2.1. Subjects
	2.2. Intervention and control groups
	2.3. Observation Periods
	2.3. Data Acquisition
	2.4. Measurements and Statistical Analysis

	3. Results
	3.1 Subjects
	3.2. Demographics and Clinical Characteristics
	3.3. Healthcare Costs
	3.4. Healthcare Utilization

	4. Discussion
	4.1. Principal Findings
	4.2. Methodological Considerations

	5. Conclusions
	References

