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October 8th, 2015 
State of Reform 
 
 
Dear State of Reform Conference Participants, 

 

Health Care is at an important crossroads, where the rate of healthcare cost inflation and 

the economics of our state demand that we examine cost drivers and search for change.  

Although payment reform can be an important tool for leveraging change, health care 

costs will not see a large decrease unless we address the health status of our 

communities.  Keeping Alaskans healthy is far less expensive then treating sickness, and 

helping the human body be the strongest it can during surgical recovery is preferable to 

paying for adverse outcomes. 

 

Included in this booklet is a growing body of literature which demonstrates how 

adequate vitamin D reduces negative healthcare outcomes and costs.  In particular I 

draw your attention to the studies of the relationship between vitamin D deficiency prior 

to surgery and an increased risk of negative surgical outcomes.  If adequate vitamin D 

can reduce the chance that a new knee or lung will become infected or rejected, the 

small investment will save the high cost of a replacement surgery and rehabilitation.   

 

At the front of this packet are some of the newest articles showing the connection 

between low vitamin D and adverse surgical outcomes.  The first article, published in 

 

www.HouseMajority.org/seaton 



Patient Safety and Surgery in 2015, includes a conclusion from the authors that 

“manuscripts reviewed here provide sufficient evidence to shift the burden of proof to 

those who believe that performing elective surgery on vitamin D deficient patients 

comports with the highest standards of patient safety and public health.”  They also note 

that “practice improvements of comparable potential magnitude with negligible cost and 

exemplary safety and efficacy are rare, and raise deliberation of the ethical implications 

of choosing not to test for, and not to treat, low vitamin D status in advance of surgery.” 

 

This proactive approach of placing research into policy is exemplified in the included 

work of Dr. Ray Matthews, who has put research into practice in his surgical ICU by 

supplementing patients with vitamin D.  The reduction in mortality and ICU length of 

stay seen at Grady Memorial under his leadership is a testament to the value of putting 

evidence based research into policy and practice.  Although the trauma volume at Grady 

has risen 21% this year, they saw only one trauma death in the month of August and are 

on track for a record low number of deaths for 2015.  The success of this vitamin D 

policy is spreading to other medical institutions in Atlanta.   

 

Finally, I have included the indices from my 2014 State of Reform booklet.  If any of 

the listed studies are of interest the full version can be found on my website.   

 

Sincerely 

 
 

Paul Seaton  

www.HouseMajority.org/seaton 
Rep.Paul.Seaton@akleg.gov 
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Full studies available for reading upon request through Representative Seaton 
or at 

Pubmed.gov and through the journal of original publication 
 

Alaskans may request access to articles through the Alaska State Library 
 

 



 

  



1.) Vitamin D status and surgical outcomes: a systematic review (Patient Safety in 
Surgery, 2015) 

 
This systematic review accessed 31 studies that examined the relationship between 
vitamin D levels and post-surgical outcomes.  84% of studies found statistically 
significant worse outcomes in patients with low vitamin D and the review authors 
concluded that “practice improvements of comparable potential magnitude with 
negligible cost and exemplary safety and efficacy are rare, and raise deliberation of the 
ethical implications of choosing not to test for, and not to treat, low vitamin D status in 
advance of surgery.” 
 
2.) Vitamin D supplementation reduces depressive symptoms in patients with 
chronic liver disease (Clinical Nutrition, 2015) 
 
An analysis of 111 patients found an inverse correlation between depressive symptoms 
and vitamin D levels in patients with chronic liver disease.  Depression scores 
improved significantly after supplementation.  The dose given had no adverse side 
effects and circumvented expected metabolism-related defects with CLD. 
 

3.) The Association of Serum Vitamin D Concentration with Serious 
Complications After Noncardiac Surgery (Anesthesia & Analgesia, 2015) 

Researchers at the Cleveland Clinic analyzed 3509 noncardiac surgery patients and 
found an association between low vitamin D concentrations and in-hospital death, 
serious infections, and serious cardiovascular events. 

 

4.) 25-Hydroxyvitamin D, 1,25-Dihydroxyvitamin D and Postoperative Outcome 
in Cardiac Surgery (Clinical Endocrinology and Metabolism, 2014) 

A 2015 study in Germany of 3371 adults found two times the risk of major adverse 
cardiac and cerebrovascular events following cardiac surgery in those who were 
vitamin D deficient compared to those with vitamin D levels of 30-40 ng/ml.  

 

5.) Low vitamin D levels are associated with increased rejection and infections 
after lung transplantation (Heart and Lung Transplantation, 2012) 

A study by Lowery, et al found that the rate of lung transplant rejection was more than 
double in vitamin D deficient recipients when compared with non-deficient patients.  
Infections were also more frequent in the deficient group, and mortality after a year was 
almost 5-fold higher.   



6.) Relationship Between Vitamin D Status and ICU Outcomes in Veterans 
(Journal of American Medical Directors, 2011) 

 
A 2011 study of 136 veterans found a 2-fold increase in the number of patients with 
ICU stays of three days or more in vitamin D deficient patients compared with those 
with sufficient vitamin D.  The increased rate of mortality was also nearly double for 
vitamin D deficient veterans.  The study concluded “… it appears prudent to rapidly 
diagnose and treat underlying suboptimal vitamin D levels in acute illness.”   
 

7.) Pretransplant Serum Vitamin D Levels and Risk of Cancer After Renal 
Transplantation (Transplantation, 2008) 

Ducloux, et al, concluded in their 2008 study that a low pretransplant level of vitamin 
D is an important determinant for the development of cancer after transplantation.  

 

 



REVIEW Open Access

Vitamin D status and surgical outcomes: a
systematic review
Paul J Iglar1 and Kirk J Hogan2*

Abstract

The importance of vitamin D for musculoskeletal health has long been recognized, and awareness of significant
extra-skeletal effects in health and disease is rapidly emerging. Although it has been possible for many decades
to quantify serum markers of vitamin D deficiency, and to correct deficiency at low cost and with high safety, the
influence of vitamin D status on post-surgical outcomes has only recently been identified as a research topic of
interest. To the present, these data have not been the subject matter of formal review. Accordingly, we conducted a
systematic review to assess the association between perioperative vitamin D status and outcomes after surgery.
The databases of PubMed, Ovid MEDLINE, EMBASE, AMED, CINAHL (EBSCOHost), The Cochrane Databases of Systematic
Review, and PROSPERO were searched through December, 2014 for studies relating to vitamin D and surgery. The
initial search yielded 90 manuscripts. After applying exclusion criteria, 31 studies were eligible for inclusion. Fifteen
studies employed prospective observational designs, 3 used prospective randomized protocols, and 13 report
retrospective database interrogations. The main finding of the present review is that 26 of 31 studies (84%) report
at least one statistically significant worse outcome in patients with low vitamin D status. Five of 31 studies (16%)
found no association. In conclusion, this review supports the hypothesis that hypovitaminosis D is associated with
adverse outcomes after diverse surgical procedures. Future studies should focus on additional surgeries and outcomes,
and on the role of vitamin D supplementation in the improvement of patient safety in participants with low vitamin D
status at the time of surgery.

Keywords: Vitamin D, 25(OH)D (calcifediol), 25(OH)D (calcifediol) level, 1,25-dihydroxyvitamin D3 (calcitriol),
1,25-dihydroxyvitamin D3 (calcitriol) level, Surgery outcome, Surgery complication, Postoperative outcome,
Postoperative complication

© 2015 Iglar and Hogan; licensee BioMed Central. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.

Iglar and Hogan Patient Safety in Surgery  (2015) 9:14 
DOI 10.1186/s13037-015-0060-y

Discussion, Page 8. "...contemporary practice is not to test for, or to supplement, vitamin D concentrations 
before surgical procedures. We propose, to the contrary, that manuscripts reviewed here provide sufficient 
evidence to shift the burden of proof to those who believe that performing elective surgery on vitamin D 
deficient patients comports with the highest standards of patient safety and public health. Until such data is 
available, and in consideration of the low cost, safety and efficacy of supplementation of a nutrient ... we 
further propose that evidence is sufficient at present to support testing and supplementation to target levels as 
a practical default." 

Distributed by Rep Seaton

In conclusion (Page 9) "...Practice improvements of comparable potential magnitude with negligible 
cost and exemplary safety and efficacy are rare, and raise deliberation of the ethical implications of 
choosing not to test for, and not to treat, low vitamin D status in advance of surgery."
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Original article

Vitamin D supplementation reduces depressive symptoms in patients
with chronic liver disease

Caroline S. Stokes a, *, Frank Grünhage a, Crystal Baus b, Dietrich A. Volmer c,
Stefan Wagenpfeil d, Matthias Riemenschneider b, Frank Lammert a

a Department of Medicine II, Saarland University Medical Center, Homburg, Germany
b Department of Psychiatry and Psychotherapy, Saarland University Medical Center, Homburg, Germany
c Institute of Bioanalytical Chemistry, Saarland University, Saarbrücken, Germany
d Institute of Medical Biometry, Epidemiology and Medical Informatics, Saarland University, Campus Homburg, Germany

a r t i c l e i n f o

Article history:
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Accepted 8 July 2015

Keywords:
Beck Depression Inventory
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Supplementation
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25-Hydroxyvitamin D

s u m m a r y

Background and aims: Vitamin D deficiency and depression frequently occur in patients with chronic
liver diseases (CLD). Depression has recently been inversely associated with vitamin D in a meta-analysis,
and vitamin D receptor is expressed in brain. This pilot study investigates whether vitamin D replace-
ment ameliorates depressive symptoms in CLD patients and consists of a cross-sectional and an inter-
ventional analysis.
Methods: Overall, 111 patients with CLD were included in the cross-sectional analysis. The Beck
Depression Inventory II (BDI-II) was used to assess depression. Chemiluminescence immunoassay and
LC-MS/MS quantified serum 25-hydroxyvitamin D levels. For the interventional analysis, 77 patients
with inadequate vitamin D concentrations received 20,000 IU vitamin D per week for six months. The
final follow-up was carried out six months post supplementation.
Results: In the cross-sectional analysis, 81% of patients (median age 55 years, 47% women) had inade-
quate baseline vitamin D levels (<30 ng/ml), and 31% presented with depressive symptoms (BDI-II score
�14). Depression severity correlated inversely with vitamin D level in depressed patients (b ¼ �0.483,
P ¼ 0.004). Depression scores improved significantly from baseline in depressed patients after three and
six months (P ¼ 0.003 and P ¼ 0.004, respectively) of supplementation, with vitamin D levels increasing
to normal (P < 0.0001). Subgroup analyses revealed this anti-depressant effect of vitamin D to occur
predominantly in women. The final follow-up showed increases in median BDI-II scores in the setting of
decreased vitamin D levels.
Conclusions: Vitamin D levels correlated with BDI-II scores, and vitamin D replacement significantly
improved depressive symptoms in women with CLD. Adjuvant vitamin D may be considered in these
patients.
Registration No: DRKS00007782 German Clinical Trials Registry (DRKS)

© 2015 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Contents lists available at ScienceDirect

Clinical Nutrition

journal homepage: ht tp: / /www.elsevier .com/locate/c lnu

Clinical Nutrition xxx (2015) 1e8

Please cite this article in press as: Stokes CS, et al., Vitamin D supplementation reduces depressive symptoms in patients with chronic liver
disease, Clinical Nutrition (2015), http://dx.doi.org/10.1016/j.clnu.2015.07.004

 (Page 5). ... With regard to secondary outcomes, LFTs did 
not change during the study in either groups. As expected 
given the safety of vitamin D supplementation at the dose 
used and the sample size, no major study-related adverse 
events occurred. 

(Page 7)  ... We achieved very high success rates in terms of 
improving vitamin D concentrations by supplementing all 
pa-tients with a deficiency with 20,000 IU cholecalciferol per 
week. This dose appears to circumvent vitamin D 
metabolism-related defects that might be expected in 
patients with CLD, given the inherent role of the liver in its 
activation.

In conclusion, ... the results herein indicate that 
vitamin D substitution might significantly improve 
depressive symptoms in CLD in a manner which is 
clinically meaningful, and in particular in women 
with low baseline vitamin D levels. (Page 8)

Distributed by the office of Rep Seaton
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Copyright © 2014 International Anesthesia Research Society
DOI: 10.1213/ANE.0000000000000096

BACKGROUND: Vitamin D deficiency is a global health problem. Epidemiological studies dem-
onstrate that vitamin D is both cardioprotective and neuroprotective. Vitamin D also plays a 
substantial role in innate and acquired immunity. Our goal was to evaluate the association of 
serum vitamin D concentration on serious postoperative complications and death in noncardiac 
surgical patients.
METHODS: We retrospectively analyzed the data of 3509 patients who had noncardiac surgery 
at the Cleveland Clinic Main Campus and had a serum vitamin D measurement. The relationship 
between serum vitamin D concentration and all-cause in-hospital mortality, in-hospital cardio-
vascular morbidity, and serious in-hospital infections was assessed as a common effect odds 
ratio (OR) by using a multivariate generalized estimating equation model with adjustment for 
demographic, medical history variables, and type and duration of surgery.
RESULTS: Higher vitamin D concentrations were associated with decreased odds of in-hospital 
mortality/morbidity (P = 0.003). There was a linear reduction of the corresponding common 
effect odds ratio (OR 0.93, 95% confidence interval, 0.88–0.97) for severe in-hospital outcomes 
for each 5 ng/mL increase in vitamin D concentration over the range from 4 to 44 ng/mL. In 
addition, we found that the odds versus patients with vitamin D <13 ng/mL (i.e., 1st quintile) 
were significantly lower in patients with vitamin D 13–20, 20–27, 27–36, and > 36 ng/mL 
(i.e., 2nd–5th quintiles); the corresponding estimated ORs were 0.65 (99% confidence interval, 
0.43–0.98), 0.53 (0.35–0.80), 0.44 (0.28–0.70), and 0.49 (0.31–0.78), respectively. However, 
there was no statistically significant difference among individual quintiles >13 ng/mL.
CONCLUSIONS: Vitamin D concentrations were associated with a composite of in-hospital 
death, serious infections, and serious cardiovascular events in patients recovering from noncar-
diac surgery. While causality cannot be determined from our retrospective analysis, the asso-
ciation suggests that a large randomized trial of preoperative vitamin D supplementation and 
postoperative outcomes is warranted.  (Anesth Analg 2014;119:603–12)

The Association of Serum Vitamin D Concentration 
with Serious Complications After Noncardiac Surgery
Alparslan Turan, MD,* Brian D. Hesler, MD,* Jing You, MS,† Leif Saager, MD,* Martin Grady, MD,* Ryu 
Komatsu, MD,‡ Andrea Kurz, MD,* and Daniel I. Sessler, MD*

Address correspondence to Alparslan Turan, MD, Department of Outcomes 
Research, Cleveland Clinic, 9500 Euclid Ave., P77, Cleveland, Ohio 44195. 
Address e-mail to turana@ccf.org.

Anesthesia Patient Safety Foundation

Section Editor: Sorin J. Brull

Discussion (Page 608) "...To the extent that vitamin D 
supplementation was instituted and effective, it would 
reduce the apparent association of low concentrations 
with adverse outcomes." 
 "...our results remain highly statistically significant and 
show clinically impor-tant concentration dependence 
over the entire range of observed values."

In summary, vitamin D concentrations were 
associated with a composite of in-hospital death, 
serious infections, and serious cardiovascular 
events. (Page 611)

Distributed by Representative Seaton
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25-Hydroxyvitamin D, 1,25-Dihydroxyvitamin D
and Postoperative Outcome in Cardiac Surgery
Armin Zittermann, Joachim Kuhn, Jana B. Ernst, Tobias Becker, Jens Dreier,
Cornelius Knabbe, Jan F. Gummert, and Jochen Börgermann
Clinic for Thoracic and Cardiovascular Surgery (A.Z., J.B.E.,T.B., J.F.G., J.B.) and Institute for Laboratory
and Transfusion Medicine (J.K., J.D., C.K.), Heart and Diabetes Center North Rhine-Westphalia, Ruhr
University Bochum, Georgstraße 11, 32545 Bad Oeynhausen, Germany

Context: Several cohort studies have reported U-shaped or inverse J-shaped associations between
circulating 25-hydroxyvitamin D [25OHD] and clinical outcomes.

Objective: We aimed to investigate in cardiac surgical patients the association of preoperative
25OHD and 1,25-dihydroxyvitamin D3 [1,25(OH)2D3] levels with the risk of major adverse cardiac
and cerebrovascular events (MACCE).

Design: A prospective cohort study of adult cardiac surgical patients in 2012–2013 was used.

Setting: The study was conducted at the Heart and Diabetes Center North Rhine-Westphalia,
Germany.

Patients: A total of 3371 adult patients participated in the study.

Intervention: None

Measurements: The main outcome measure was MACCE until discharge. We categorized vitamin
D metabolite levels into subgroups and performed multivariable-adjusted logistic regression anal-
ysis to estimate odds ratios (ORs) of MACCE. Moreover, we performed multiple regression analysis
to assess the association of 25OHD and circulating 1,25(OH)2D3 with preoperative parameters.

Results: As compared with patients in the 25OHD reference category (75–100 nmol/L), the multi-
variable-adjusted odds ratios (OR) of MACCE was significantly higher in patients with deficient
25OHD levels (� 30 nmol/L) (OR � 2.06 [95%CI: 1.24–3.43]), but was comparable in patients with
25OHD levels � 100 nmol/L (OR � 1.16 [95% CI: 0.56–2.37]). Poor kidney function was an important
predictor of high 25OHD (�100 nmol/L) and low 1,25(OH)2D3 levels. 1,25(OH)2D3 was not inde-
pendently associated with the incidence of MACCE.

Conclusions: In cardiac surgical patients, deficient but not high 25OHD levels are independently
associated with the risk of MACCE. Cohort studies should consider potential interrelationships
between kidney function, circulating vitamin D metabolite levels, and clinical outcome. (J Clin
Endocrinol Metab 100: 72–80, 2015)

       

ISSN Print 0021-972X ISSN Online 1945-7197 
Printed in U.S.A.
Copyright © 2015 by the Endocrine Society 
Received July 23, 2014. Accepted October 8, 
2014. First Published Online November 3, 2014
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Our study indicates that compared with circulating 25OHD 
levels of 75 to 100 nmol/L, the multivariable-adjusted OR of 
MACCE was significantly higher in cardiac surgical patients 
with deficient circulating 25OHD levels. Given the lack of 
statistical significance across categories other than for 
25OHD � 30 nmol/L, data indicate a threshold effect of 
circulating 25OHD at 30 nmol/L, rather than a U-shaped

Discussion- From page 75-76

or inverse J-shaped association....

Our data confirm earlier results of an increased risk of MACCE 
in cardiac surgical patients with deficient circu-lating 25OHD 
levels 

Distributed and sumarized by Representative Seaton
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The reduction in negative outcomes in the proceeding 

2014-2015 studies are a verification of similar outcomes in past 

studies, such as a 2012 study of rejection and infections after 

lung transplantation, a 2011 analysis of veterans in the ICU, 

and a 2008 study of renal transplant recipients.   





Abstract 

J Heart Lung Transplant. 2012 Jul;31(7):700-7. doi: 10.1016/j.healun.2012.02.012. Epub 2012 Mar 3. 

Low vitamin D levels are associated with increased rejection and 
infections after lung transplantation. 

Lowery EM1, Bemiss B, Cascino T, Durazo-Arvizu RA, Forsythe SM, Alex C, Laghi F, Love 
RB, Camacho P. 

Author information 

1Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Loyola University 

Medical Center, Maywood, Illinois 60153, USA. elowery@lumc.edu 

Abstract 
BACKGROUND: 

The prevalence of vitamin D deficiency in lung disease is greater than in the general population. 

Vitamin D deficiency may negatively affect immune and lung function. Accordingly, we 

hypothesized that lung transplant recipients with vitamin D deficiency are more susceptible to 

rejection and infections after transplantation. 

METHODS: 

Transplant outcomes were reviewed in a retrospective cohort of 102 lung transplant recipients 

who had 25-hydroxyvitamin D [25(OH)D] levels drawn during the near-transplant period (100 

days pre- or post-transplant). 

RESULTS: 

In the near-transplant period, 80% of recipients were 25(OH)D-deficient and 20% were not 

25(OH)D-deficient. Episodes of acute cellular rejection in the deficient group were more 

frequent than in the non-deficient group [mean 1.27 (0.99 to 1.55) vs 0.52 (0.12 to 0.93), p = 

0.006]. The rejection rate in the deficient group was more than double that of the the non-

deficient group [IRR 2.43 (1.30 to 4.52), p = 0.005]. Infectious episodes were also more frequent 

in the deficient group than in the non-deficient group [mean 4.01 (3.24 to 4.79) vs 2.71 (1.47 to 

3.96), p = 0.04]. The mortality rate of recipients who remained 25(OH)D-deficient 1 year after 

transplant was almost 5-fold higher than in recipients who were not 25(OH)D-deficient [IRR 4.79 

(1.06 to 21.63), p = 0.04]. 

CONCLUSIONS: 

Low serum 25(OH)D levels in lung transplant recipients were associated with increased 

incidence of acute rejection and infection. The mortality of recipients who remained deficient 1 

year post-transplant was higher than that of recipients who maintained normal vitamin D levels 

at 1 year post-transplant. 

Copyright © 2012 International Society for Heart and Lung Transplantation. All rights reserved. 
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208   McKinney et al JAMDA - March 2011 

Relationship Between Vitamin D Status 
and ICU Outcomes in Veterans 

Jason D. M cKinney , DO, Beth A. Baile y , PhD , Linda H. Garrett, PhD, Prith Peiris , MD, Todd M anning, MS, 

and Alan N . Peiris , MD, PhD , MRCP 

Objective: Vitamin D deficiency remains a poorly rec 
ognized pandemic and is closely linked to increased 
health care costs in veterans. Projected heal th care 
needs in vetera ns are expected to i ncrease over the 
next decade. Intensive care unit {ICU) costs contribute 
signif icantly to hospital costs and stem from interven 
tion services and management of sepsis incl udi ng nos 
ocomial infections. Vitam in D has imm u nomod ulati ng 
and antimicrobial properties through antimicrobial 
peptides such as cathel icidin. 

Design/M ethods: A retrospective study was u nder 
taken to evaluate if vitamin D def iciency was associ 
ated with  less  than  optimal  ICU  outcomes  i n vetera 
ns. The study incl uded 136 vetera ns with 25{0H)D 
levels drawn within  a  month  of  admission to ICU. 

Results: The average 25{0H)D  level was 24.6 ng/ml 

{normal range 30-100) with 38% of patients falling 
in  the  vitamin  D-def icient  category  {<20 ng/ml). 

ICU survivors had a signif icantly lower rate of vitamin 
D deficiency compared with nonsu rvivors (28% versus 
53%). Twenty-nine percent of vitami n D-replete 
patients were in ICU 3 days or more,  whereas  58% of 
patients with vitamin D deficiency stayed i n ICU 3 days 
or longer. This difference was higMy significant transl 
ating to twofold increased risk (2.0  Relative Risk [RR]) 
for 3-day or longer stay in ICU for patients with vitami 
n D deficiency. Moreover, the risk of death was 
significantly higher in ICU patients with vitamin D def 
iciency {RR 1.81). 

Conclusion: A vitamin 0-replete state may  reduce costs 
and  confer   survival   advantages   in   critical ill ness. 
We recommend that 25{0H)D levels be rou tinely 
checked and def iciencies treated in ICU patients. (J Am 
Med Dir Assoc 2011; 12: 208-211) 

Keywords: Vitamin D; public health; intensive care; 
mortality; morbidity 

Copyright ©2011 American Medical Directors Association 

001:10.1016/j.jamda.2010.04.004 

In conclusion, vitamin D deficiency is a common finding in critically ill veterans 

and appears closely aligned with increased length of stay   and   mortality   in I C U . 

Before concluding causality, prospective studies are needed to confirm these 

findings; however, it appears prudent to rapidly diagnose and treat underlying 

suboptimal vitamin D levels in acute illness. (Page 210) 

Distributed by Rep Seaton 
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' ' 

Pretransplant Serum Vitamin D Levels and Risk of 
Cancer After Renal Transplantation 

Didier Ducloux, 
1 2 3

'
5 

Cecile Courivaud,1 2 Jamal Bamoulid / '2 Amir Kazory,2 Gilles Dumoulin,4 
' ' ' 

and Jean-M arc Chalopin1 2 3

Background. Serum levels of 25-0H-D 3 inversely correlate with the incidence of various types of cancers in the general 

population. Because risk factors and incidence of cancer in renal transplant recipients (RTRs) are different from the 
general population, this study was designed to determine whether pretransplant 25-0H-D3 levels could be predictive of 

cancer risk in RTRs. 

Methods. Pretransplant 25-0H-D3 levels were reviewed in 363 consecutive RTRs. The impact of 25-0H-D 3 levels on 

the development of cancer was then analyzed with respect to other known risk factors. 
Results. One hundred twenty-four patients (34.2%) showed vitamin D deficiency, 185 (51%) vitamin D insufficiency, 

and 54 (14.8%) with normal vitamin D levels. Thirty-two cancers (8.8%) occurred in 32 patients. A higher incidence of 

cancer was observed in patients with vitamin D deficiency (13.7% vs. 7% for patients with vitamin D insufficiency 

[P=0.068] and 3.7% for those with normal vitamin D levels [P=0.007] ). 25-0H-D 3 levels were lower in patients who 

developed cancer after transplantation (13.7±6 vs. 18.3:!:: 17.8 ng/mL, P=0.022). Age (hazard ratio, 1.06; 95% confi 

dence interval, 1.02-1.11, for each 1 year increase; P=0.009) and low 25-0H-D3 levels (hazard ratio, 1.12; 95% 

confidence interval, 1.04-1.23, for every 1 ng/mL decrease; P=0.021) were independent risk factors for development of 

cancer. 
Conclusion. Pretransplant level of 25-0H-D3 is an important determinant for subsequent development of cancer after 

transplantation. Future studies should examine whether 25-0H-D 3 supplementation can effectively decrease the inci 

dence of cancer in RTRs. 

Keywords: Kidney transplantation, Vitamin D, Cancer. 

(Transplantation 2008;85:  1755-1759) 

Transplantation • Volume 85, Number 12, June 27, 2008 1755 

From Page 1757 …Patients with vitamin D 

deficiency had an increased risk of cancer when 

compared with those with normal serum levels of 

vitamin D (HR, 4.54; 95% CI, 1.10-19.76; P=0.029 

and those with vitamin D insufficiency ( HR, 2.32;  

From Page 1758 - …In summary, our study shows that low 

pretransplant serum levels of vitamin D are associated with an 

i ncreased risk of cancer in RTRs.  Because vita min D 

supplementation is easy, safe, and cheap, the results of this study 

ca n have major clinical implications for effective prevention of 

cancer in this population.   

Distributed by Representative Seaton 
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Policy Choice: Putting 
Research into Practice 
At Grady Memorial Hospital, a Vitamin D 

Supplementation Policy Has Reduced Surgical ICU 
Length of Stay and Mortality for One of the Nation’s 

Busiest Surgical Intensive Care Units 
 
 
 
 
 
 
 
 



 
 
 

The proceeding studies and scholarly articles showed that 
vitamin D deficiency is related to an increased risk of bad 
outcomes for a multitude of surgical procedures, from 
knee surgeries to liver transplantation.   

 
The following article by Matthews, et al, shows how the 
surgical ICU at Grady Memorial Hospital used data about 
the importance of vitamin D and created a vitamin D 
supplementation policy.  This is not a randomized control 
trial, but instead shows how research can be put into real 
practice in healthcare.  After the savings created by 
Grady’s surgical ICU, the policy is spreading to other 
institutions and providers including Emory Hospital’s 
Medical ICU and Morehouse School of Medicine’s 
colorectal surgeons. 
 
 
 

 



From Dr. L. Ray Matthews, Director of the Surgical 
Intensive Care at Morehouse School of Medicine 
and Grady Memorial Hospital 

 
 

“Morehouse Trauma/Surgical Critical Care Division only had one (1) trauma 
death in the month of August 2015 after having had two (2) trauma deaths in 
the month of July 2015. Trauma volume is up 21% this year at Grady 
Memorial Hospital. 3-5% trauma volume increase in a year is considered to be 
a lot; however, Grady Memorial Hospital is one of the busiest Level I trauma 
centers in the United States. The volume of trauma patients has been relentless 
all year in 2015. 

 

In spite of the constant high pressured, relentless, demanding  pace of trauma at 
Grady Hospital, congratulations to our surgical staff, residents, nurse 
practitioners, medical students, nurses, respiratory therapist, and all other 
Grady staff who take care of our  critically injured patients and make a 
difference working under extreme duress! 

 

We have perfected the use of vitamin D in our severely injured patient 
population. We are on a pace for a record low number of deaths for the entire 
2015 year (January 1st-December 31, 2015) it is truly “God’s miracle 
vitamin/hormone” indeed and have made a difference between life and death in 
our trauma/critically injured patient population.” 

-Dr. L. Ray Matthews 
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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
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Abstract
BACKGROUND: Vitamin D deficiency is the most common nutritional deficiency in the United

States. It is seldom measured or recognized, and rarely is treated, particularly in critically ill patients.
The purpose of this study was to investigate the prevalence and impact of vitamin D deficiency in
surgical intensive care unit patients. We hypothesized that severe vitamin D deficiency increases the
length of stay, mortality rate, and cost in critically ill patients admitted to surgical intensive care units.

METHODS: We performed a prospective observational study of vitamin D status on 258 consecutive
patients admitted to the Surgical Intensive Care Unit at Grady Memorial Hospital between August 2009
and January 2010. Vitamin D levels (25 [OH]2 vitamin-D3) were measured by high-pressure liquid
chromatography and tandem mass spectrometry. Vitamin D deficiency was defined as follows: severe
deficiency was categorized as less than 13 ng/mL; moderate deficiency was categorized as 14 to 26
ng/mL; mild deficiency was categorized as 27 to 39 ng/mL; and normal levels were categorized as
greater than 40 ng/mL.

RESULTS: Of the 258 patients evaluated, 70.2% (181) were men, and 29.8% (77) were women;
57.6% (148) were African American and 32.4% (109) were Caucasian. A total of 138 (53.5%) patients
had severe vitamin D deficiency, 96 (37.2%) had moderate deficiency, 18 (7.0%) had mild deficiency,
and 3 (1.2%) of the patients had normal vitamin D levels. The mean length of stay in the Surgical
Intensive Care Unit for the severe vitamin D–deficient group was 13.33 � 19.5 days versus 7.29 � 15.3
days and 5.17 � 6.5 days for the moderate and mild vitamin D-deficient groups, respectively, which was
clinically significant (P � .002). The mean treatment cost during the patient stay in the surgical intensive
care unit was $51,413.33 � $75,123.00 for the severe vitamin D–deficient group, $28,123.65 � $59,752.00
for the moderate group, and $20,414.11 � $25,714.30 for the mild vitamin D–deficient group, which
also was clinically significant (P � .027). More importantly, the mortality rate for the severe vitamin
D–deficient group was 17 (12.3%) versus 11 (11.5%) in the moderate group (P � .125). Because no
deaths occurred in the mildly or normal vitamin D–deficient groups, we compared the mortality rate
between severe/moderate and mild/normal vitamin D groups (P � .047).
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CONCLUSIONS: In univariate analysis, severe and moderate vitamin D deficiency was related
inversely to the length of stay in the surgical intensive care unit (r � .194; P � .001), related inversely
to surgical intensive care unit treatment cost (r � .194; P � .001) and mortality (r � .125; P � .023),
compared with the mild vitamin D–deficient group, after adjusting for age, sex, race, and comorbidities
(myocardial infarctions, acute renal failure, and pneumonia); the length of stay, surgical intensive care
unit cost, and mortality remained significantly associated with vitamin D deficiency.
© 2012 Elsevier Inc. All rights reserved.

Vitamin D deficiency is the most common nutritional
deficiency in the United States. Vitamin D deficiency affects
more than 70% of the US general population (210 million
people).1–3 Common causes of vitamin D deficiency include
poor vitamin D content in foods (very few foods are forti-
fied with vitamin D); sunscreen use, which blocks 95% of
vitamin D production by the skin; melanin pigment in dark-
skinned people (African Americans) who need 3 to 6 times
longer sun exposure than Caucasians to produce the same
amount of vitamin D; elderly, aging skin that reduces vita-
min D production by 70% at age 70; obesity, which causes
vitamin D to be stored in the fat cells instead of the liver in
normal-sized people; chronic kidney disease; liver failure;
people who stay indoors (nursing home patients); lack of, or
inadequate, vitamin D supplementation (current recom-
mended daily allowance is too low for optimal health); and
seasonal variations, latitude, and time of day.1 In the United
States, people living above the 32nd latitude (eg, Atlanta,
GA) cannot produce vitamin D from November to March.
This is because the sun hits the northern hemisphere at a 45°
angle, instead of the 90° angle in the summer that produces
ultraviolet-band sunlight of wavelengths from 290 to 315
nm, which is required for vitamin D production from 10 AM

until 3 PM.4 Ultraviolet-band sunlight of these wavelengths
are strongest during these hours.

Although vitamin D typically is classified as a fat-soluble
vitamin that plays an important role in bone metabolism, it
is actually also a steroid hormone with pleiotrophic effects.2

Vitamin D is derived from the skin and diet, and is metab-
olized in the liver to its major circulating form, 25-hy-
droxyvitamin D, which is the form used to determine a
person’s vitamin D status.1 25-(OH)D3 is metabolized in the
kidney to its biologically active form, 1,25 (OH)2 vitamin
D3, by the enzyme 25-hydroxyvitamin D-1,25-�-hydroxy-
lase.1

Recent studies have shown that vitamin D receptors are
present in almost all tissues and cells in the human body. In
addition, several studies have revealed that vitamin D is
important in immunomodulation, regulation of inflamma-
tion and cytokines, cell proliferation, cell differentiation,
apoptosis, angiogenesis, muscle strength, and muscle con-
traction, in addition to calcium, magnesium, phosphate ho-
meostasis, and bone formation.1,2 Thus, vitamin D is a very
powerful hormone affecting more than 2,000 genes in the
human body, which suggests it may play a critical role in the
maintenance of optimal health.

Several epidemiologic studies have suggested that vita-
min D deficiency is associated with the development of

cardiovascular diseases; autoimmune disorders; and 17 dif-
ferent types of cancer, including breast, prostate, lung, co-
lon, and renal, with associated increased mortality rates.1,5–7

A meta-analysis of 18 randomized clinical trials on vitamin
D supplementation found that randomization to vitamin D
was associated with lower all-cause mortality rates in the
general population.6 Although it is well known that the
combination of vitamin D and calcium is necessary to main-
tain bone density as people age, vitamin D deficiency also
may be an independent risk factor for falls and fractures
among the elderly. Another study showed that vitamin D
levels less than 17.8 ng/mL increase the risk of death by
26% from all causes in the general population.5,8 Unfortu-
nately, little evidence guides clinicians when to screen for
vitamin D deficiency or effective treatment options, partic-
ularly as it relates to trauma and critical ill surgical patients
admitted to the intensive care unit.9,10

Despite these suggested associations, we found no pub-
lished studies evaluating the relationship between the sever-
ity of vitamin D deficiency and mortality risk in surgical
intensive care unit patients. We hypothesized that vitamin D
deficiency is an independent risk factor for length of stay,
surgical intensive care cost, and mortality in critically ill
surgical patients.

Methods

We conducted a prospective observational study on the
vitamin D status of 258 trauma, vascular, and general sur-
gery patients admitted to the surgical intensive care unit at
Grady Memorial Hospital between August 2009 and Janu-
ary 2011 to assess the prevalence of vitamin D deficiency
and its impact on adverse outcomes in this patient popula-
tion. The research protocol was approved by the Morehouse
School of Medicine’s Institutional Review Board. All pa-
tients admitted to the surgical intensive care unit were
included in the study. There was no exclusion criterion.
Vitamin D levels were drawn on all patients within 24 hours
of admission to the surgical intensive care unit. Vitamin D
levels were measured using high-pressure liquid chroma-
tography and tandem mass spectrometry (Quest Diagnostics
Lab, Valencia, CA). All patients in the study were started on
vitamin D 50,000 IU/wk once they were able to tolerate
internal nutritional support. Follow-up levels were not
drawn routinely in this population because it takes up to 3
months of high-dose weekly therapy to achieve adequate
steady-state levels based on the currently suggested man-
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agement of vitamin D deficiency by Dr. Mike Hollick, an
expert on vitamin D metabolism.1 As a result, our treatment
strategy did not initially influence our outcomes or con-
found our results. It is part of our standard of care to
aggressively treat all vitamin and mineral deficiencies in our
Surgical Intensive Care Unit. Based on current data, we
believe that all deficiencies should be corrected for stressed,
critically ill patients to achieve optimal health and recovery.
Because vitamin D deficiency has become a worldwide
epidemic, and appropriate replacement of identified nutri-
tional deficiencies has become a routine part of our patient
care regimen for this high-risk population, consent for stan-
dard treatment of vitamin deficiencies was not deemed nec-
essary. In our future analysis, we will evaluate whether
more aggressive treatment of vitamin D deficiency will
affect outcome, and if vitamin D deficiency is more than
simply a risk marker of poor outcome. There were no
adverse reactions in any of the 258 patients treated in this
study (no episodes of hypercalcemia).

A vitamin D–deficiency severity scale (Matthews/Dan-
ner/Ahmed scale) was created and defined as follows: se-
vere deficiency was categorized as less than 13 ng/mL;
moderate deficiency was categorized as 14 to 26 ng/mL;
mild deficiency was categorized as 27 to 39 ng/mL; and a
normal level was categorized as greater than 40 ng/mL
(Table 1). Most of the recent knowledge on vitamin D has
been acquired over the past 10 years. Based on the clinical
and physiological aspects of vitamin D, we believed that a
new vitamin D–deficiency scale was needed. Clinically, we
noticed that most deaths occurred at vitamin D levels less
than 13 ng/mL (our first inflection point). Next, we noticed
that no deaths occurred at vitamin D levels greater than 26
ng/mL (our second inflection point) (Figure 1).

Furthermore, recent research has shown that muscle
strength, performance speed, and maximum bone density
increased until vitamin D levels reached 40 ng/mL or
more.1,11 In addition, vitamin D levels tend to decrease by
20% to 30% during the winter months in temperate cli-
mates. Thus, using a baseline vitamin D level of 30 ng/mL
or less is inadequate to confer optimal immunoprotection
during these vulnerable periods of relative vitamin D defi-
ciency.

We examined baseline patient demographics (age,
race, sex) and nutritional status using the baseline levels
of the biochemical markers calcium, albumin, and preal-
bumin. To examine the potential impact of comorbidities,
the presence of the following conditions was evaluated:

cardiovascular disease, pneumonia, urinary tract infec-
tions, pulmonary embolus, cancer, and trauma injuries.

The primary outcome assessed in our study was surgical
intensive care unit length of stay and surgical intensive care
unit cost. The secondary outcome was mortality rate among
vitamin D–deficient groups. Statistical analysis was per-
formed using SPSS 16.0 software (SPSS, Chicago, IL).
Data were summarized as means plus (�) or minus (�)
standard deviation and proportion (percentages) for contin-
uous and qualitative data, respectively. Comparisons be-
tween groups were performed using the Student t test and
the chi-square test for quantitative and qualitative data,
respectively. A P value of less than .05 was considered
statistically significant.

Results

Of the 258 patients evaluated, 70.2% (181) were men,
and 29.8% (77) were women; 57.6% (148) were African
American and 32.4% (109) were Caucasian. A total of 138
(53.5%) of the patients had severe vitamin D deficiency, 99
(38.4%) had moderate deficiency, 18 (6.9%) had mild de-
ficiency, and 3 (1.2%) of the patients had normal vitamin D
levels. Eighty percent (206) were trauma patients, 20.2%
(52) developed pneumonia during the intensive care unit
(ICU) stay, and 40.0% (85) of the patients were intubated.
The baseline characteristics of patients are presented in
Table 2.

The mean age of the severely deficient group was 46.3 �
18.1 years, 44.3 � 17.0 years for the moderately deficient
group, and 57.22 � 19 years for the mildly deficient group.

Table 1 Matthews-Danner-Ahmed Vitamin D scale

Vitamin D
deficiency scale

Lower limit,
ng/mL

Upper limit,
ng/mL

Normal �40 �70
Mild 27 39
Moderate 14 26
Severe �4 �13

Figure 1 Displays serum vitamin D level (x-axis) versus sur-
vival (y-axis).
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The mean vitamin D level of the severely deficient group
was 8.25 ng/mL, whereas the means for the moderately and
mildly deficient groups were 18.74 and 30.5 ng/mL, respec-
tively. The mean length of stay in the surgical intensive care
unit for the severe vitamin D–deficient group was 13.44 �
20 days versus 6.66 � 15.8 days and 5.2 � 6.7 days for the
moderate and mild vitamin D–deficient groups, respectively
(Table 3).

Patients with normal and mild vitamin D deficiency
had a similar stay in the surgical intensive care unit as
those with moderate vitamin D deficiency. The mean
length of stay in the surgical intensive care unit for the
severe vitamin D– deficient group was 13 � 19.4 days
versus 7.2 � 15.3 days and 5.17 � 6.5 days for the
moderate and mild moderate and mild vitamin D-defi-
cient groups, respectively, which was clinically signifi-
cant (P � .002) (Figure 2).

The mean treatment cost for staying in the surgical in-
tensive care unit was $51,413.33 for the severe vitamin
D– deficient group, $28,123.65 for the moderate group,
and $20,414.11 for the mild vitamin D– deficient group,
which also was clinically significant (P � .030). The

estimated costs were calculated by multiplying the stan-
dard hospital ICU charge of $3,856 per day by the mean
surgical intensive care unit length of stay. These esti-
mates do not include the cost of any surgical interven-
tions (Figure 3).

The mortality rate for the severe vitamin D–deficient
group was 12.3% versus 11.5% in the moderately deficient
group (P � .199). Because no deaths occurred in the mildly
or normal vitamin D–deficient groups, we compared the
mortality rate between severe/moderate and mild/normal
vitamin D groups (P � .047) (Figure 4).

In univariate analysis, severe and moderate vitamin D
deficiency was related inversely to the length of stay in the
surgical intensive care unit (r � �.199; P � .001), was
related inversely to the surgical intensive care unit treatment
cost (r � �.202; P � .001), and was related inversely to
mortality (r � �.067; P � .142), compared with the mild
vitamin D–deficient group. In multivariable analysis after
adjusting for age, sex, race, and comorbidities (myocardial
infarction, acute renal failure, and pneumonia), the length of
stay in the ICU and the surgical intensive care unit treatment
cost remained significantly associated with vitamin D–de-
ficiency levels, indicating that severe vitamin D deficiency
increases the length of stay and cost in critically ill patients
admitted to surgical intensive care units.

Table 2 Baseline population characteristics

Characteristics Frequency, n Percentage

Men 181 70.2
Women 77 29.8
African American 148 57.6
Non–African American 109 42.4
Severe vitamin D deficiency

(�13 ng/mL) 138 53.5
Moderate vitamin D deficiency

(14–26 ng/mL) 96 37.2
Mild vitamin D deficiency

(27–39 ng/mL) 18 7.0
Normal vitamin D level (�40

ng/mL) 3 1.2
Trauma 206 79.8
Intubated 85 32.9
Pneumonia 52 20.2
Comorbidity 44 17.1
Mortality 28 10.9

Table 3 Vitamin D–deficient group description

Variable
Severe vitamin D–deficiency
group N (mean � SD)

Moderate vitamin D deficiency
group N (mean � SD)

Mild vitamin D deficiency
group N (mean � SD)

Age, y 137 (46.3 � 18.1) 95 (44.3 � 17.0) 18 (57.22 � 19.1)
Calcium level, mg/dL 124 (8.54 � .87) 87 (8.77 � .68) 17 (9.07 � .69)
Pre-albumin level, mg/dL 110 (13.92 � 6.8) 87 (19.9 � 7.5) 17 (20.19 � 7.2)
Albumin level, mg/dL 124 (3.25 � .84) 87 (3.61 � .53) 17 (3.74 � .61)
Vitamin D level, ng/mL 138 (8.25 � 3.07) 96 (18.74 � 3.52) 18 (31.0 � 3.06)
Length of ICU stay, d 138 (13.33 � 19.5) 94 (7.29 � 15.3) 18 (5.17 � 6.5)
ICU treatment cost, US $ 138 (51,413.3 � 75,123.0) 92 (28,123.6 � 59,752.0) 17 (20,414.1 � 25,714.3)

SD � standard deviation.

Figure 2 Displays the means length of stay in surgical intensive
care units.
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Discussion

Vitamin D deficiency has been found to be very preva-
lent in modern society.1 Association between vitamin D
deficiency and increased mortality in the general population
is now fairly well established.5,8–10 According to many
experts, normal vitamin D status seems to reduce the risk of
almost every chronic disease of aging.6,7,12,13 In fact, a
recent study showed that people with deficient vitamin D
levels were twice as likely to die over a 7-year period as
individuals with a normal serum vitamin D status.5

It has been suggested that vitamin D deficiency is present
in at least 50% of critically ill patients admitted to intensive
care units.9,10 However, the manner in which vitamin D
deficiency was defined in previous studies may have grossly
underestimated the true prevalence and extent of vitamin D
deficiency and associated increased relative risk of an ad-
verse outcome in this fragile and critical patient population.
The goal of our study was first to define the prevalence of
vitamin D deficiency in patients admitted to the surgical
intensive care unit for all causes.

There has been a poor consensus in defining normal, insuf-
ficient, and deficient levels of vitamin 25(OH)D.7,12,14,15 It tra-
ditionally has been recognized that vitamin 25(OH)D serum
levels of less than 5 to 7 ng/mL induce rickets with resultant
osteomalacia, serum levels of less than 10 to 12 ng/mL
induce secondary hyperparathyroidism and osteoporosis,
and serum levels greater than 18 to 20 ng/mL were
considered normal or adequate.1,12 In one study, serum
levels of 25-(OH)-D3 were related directly to bone mineral
density in white, black, and Hispanic American men and
women.6,13,16,17 A maximum bone density was achieved
only when the 25-hydroxyvitamin D level actually reached
40 ng/mL or more.1,14,18 When the levels were 30 ng per
mL or less, there was a significant decrease in intestinal
calcium absorption.18 Based on prior studies that showed
that vitamin D levels of 40 ng/mL were necessary to sup-
press parathyroid hormone levels and achieve maximal
bone mass density in the hips and lumbar spine, we selected
a serum 25-hydroxyvitamin D at this level (40 ng/mL) as
the lower limit of normal.1,14,19,20 These new cut-off levels
suggest that, in the past, we may have been using the wrong
statistical approach for defining “normal serum vitamin

25(OH)D levels,” if our main objective was to maintain
optimal health.15,21,22

Secondarily, our aim was to stratify the patients into
quartiles based on the severity of their vitamin D deficiency
and assess their clinical performance and outcome, based on
the degree of severity of their vitamin D levels. Blood
samples were sent to an outside laboratory with a 1- to
2-week delay in attaining results, thus, no serum 25-(OH)
vitamin D levels were available initially to direct therapy or
influence our management strategy. The association be-
tween vitamin D deficiency and chronic illness has been
well documented. It is likely that vitamin D levels progres-
sively decline during surgical intensive care unit stay owing
to lack of sunlight plus dietary depletion, which may help to
explain the increased risk of mortality in critically ill pa-
tients in the intensive care setting.9,10 Patients admitted to
the surgical intensive care unit tend to have a higher inci-
dence of hospital-acquired infections, adult respiratory dis-
tress syndrome, and multisystem organ failure.

Traditionally, the increased risk of an unfavorable out-
come has been attributed to infectious causes; and poor
nutritional status as measured by a low serum albumin level,
prealbumin level before admission; 10% weight loss; and
pre-existing chronic medical illnesses. However, we postu-
late that the increased risk of ICU-related mortality directly
correlates with the presence and severity of vitamin D
deficiency. It now has been well established by multiple
investigators including Liu et al,23 Jeng et al,24 Baeke et
al,25,26 and Bikle27 that vitamin D has a pleiotrophic immu-
nomodulatory effect and, in fact, may be the major regula-
tory hormone of the immune system.

Recent evidence suggests vitamin D may enhance the
innate immune response by induction of cathelicidin (cathe-
licidin), an endogenous antimicrobial peptide produced by
macrophages and neutrophils,1,23–25 as well as �-defensins,
a novel class of endogenous antimicrobial peptides.1,25,26

Furthermore, local production of bioactive 1, 25-dihy-
droxyvitamin D has been shown to down-regulate proin-
flammatory cytokines such as interleukin (IL)-1, IL-2, in-
terferon-�, tumor necrosis factor-�, IL-6, IL-8, and IL-12,
as well as type-1 T-helper cells and B lymphocytes in the

Figure 3 The mean treatment cost during surgical ICU stay.

Figure 4 Displays the mortality rate in normal/mild and mod-
erate/severe vitamin D–deficient groups.
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adaptive immune system.1,25,26 In addition, activation of the
vitamin D receptor by bioactive vitamin D up-regulates
anti-inflammatory cytokine IL-10 and IL-4 production, and
promotes expression of the T-suppressor cell lineage, which
turns off the adaptive immune response.1,23 For optimal
local production of 1, 25-(OH) 2-vitamin D, the serum
25-(OH)-vitamin D concentration needs to be at least 30 to
40 ng/mL, which is equivalent to greater than 75 to 100
nmol/L.1,14,19,20 Therefore, it seems plausible that patients
with a lower serum vitamin D level would be less capable of
mounting a sufficient response to insult, injury, or infection.
This would provide a reasonable explanation as to why the
patients who had more severe vitamin D deficiency have a
much higher mortality rate than the moderate and mildly
deficient patients.

There is increasing evidence for health benefits accom-
plished by activated vitamin D through interaction with the
vitamin D receptor that go beyond calcium and bone ho-
meostasis and regulation of parathyroid hormone secre-
tion.1,2,28 It has been suggested there are biological func-
tions of vitamin D that are independent of its interaction
with the parathyroid glands. Available data indicate that
these patients may enter a vicious cycle of low calcitriol,
leading to increased inflammation markers, and renal im-
pairment, which may be difficult to escape by simple vita-
min D supplementation.29,30 These finding may help explain
the reason that vitamin D deficiency may be linked to excess
mortality in the general population and the intensive care
unit setting.

Because of the inability of the patients in the severe
vitamin D deficiency group to mount a satisfactory response
to tissue trauma and infection, they tended to have an
increased length of stay in the intensive care unit resulting
from an ongoing, systemic, inflammatory response syn-
drome, and were likely to have increased ventilator days.
Although the increased number of days in the surgical
intensive care unit in the severe group versus the mild and
moderate groups did not meet statistical significance, the
extra 7 to 8 mean days did reach clinical and fiscal signif-
icance. In fact, the added time spent in the surgical intensive
care unit resulted in a doubling cost of hospital stay for this
subpopulation of patients because each ICU day cost 2 to 3
times more than a day on the general ward or in the inter-
mediate care unit.

It also has been noted in several reviewed observational
studies, as well as a meta-analysis of randomized controlled
trials, that there may be a mortality benefit associated with
higher serum vitamin 25(OH)D concentrations or vitamin
D(2) ergocalciferol or D(3) cholecalciferol supplementation
(mean dose, 528 IU/d).1 Because many trauma victims are
community-dwelling adults, it has become increasingly im-
portant that vitamin D deficiency be monitored and recog-
nized as a significant risk factor for increased morbidity and
mortality in the setting of critical illness requiring admission
to the surgical intensive care unit. Consequently, vitamin D
deficiency needs to be treated in both the outpatient and

inpatient settings. The role of vitamin D extends well be-
yond that of regulating calcium homeostasis. One of these
areas is immune function, which can be both adaptive and
innate. Vitamin D signaling is operative in both.30 As noted
by Bikle,27 both adaptive and innate immune processes may
be a double-edged sword with beneficial and harmful ef-
fects.25,26,30

Although suppression of adaptive immunity may be ben-
eficial in a number of self-destructive diseases, such sup-
pression may predispose to infection, which is not uncom-
mon in the ICU setting. Enhancement of innate immunity is
clearly beneficial in diseases such as tuberculosis, but
potentiation of proinflammatory processes can increase
tissue destruction as in bone loss caused by pneumonia,
sepsis, and prolonged bed rest, which are not infrequently
associated with severe injury and being critically ill.31

The balance favors adequate vitamin D nutrition in host
defense against infection.1,11,27,31,32 Although vitamin D
deficiency is known to result in abnormal mineralization of
bones, other activities of vitamin D as it relates to defense
of microbial infections, such as tuberculosis, prevention of
cancer, contractility of muscle cells, and counteraction of
congestive heart failure, have been shown by Mertens and
Müller.33 Notably, their novel findings convincingly indi-
cate that vitamin D exerts anti-inflammatory effects, which
may reduce the inflammatory response typically associated
with bacterial sepsis in surgical intensive care unit pa-
tients.31

The inability of patients with severe vitamin D defi-
ciency to down-regulate the adaptive immune response,
along with dysregulation of innate immunity, may be a
plausible explanation for the increased mortality rates ob-
served in the moderate and severe vitamin D deficiency
groups in our study. Based on this observation, it is plausi-
ble to recommend more aggressive primary prevention in
the outpatient setting and secondary intervention during
hospital and ICU admission to minimize the consequences
of suboptimal levels of vitamin D.14

Vitamin D deficiency has been shown to be a common
condition in patients admitted to the ICU.1,9,10 The impli-
cations of vitamin D deficiency in patients admitted to the
intensive care unit for infectious and noninfectious critical
illness are just beginning to be understood. How various
levels of vitamin D impact outcome in different disease
states and conditions requiring admission to the ICU re-
mains to be elucidated. In a recent study from France, it was
confirmed that vitamin D deficiency was a common condi-
tion in patients at the time of ICU admission, and these
findings identified a target population at risk for potential
modifiable risk factors of low levels of active vitamin D
precursor.34 The prevalence of vitamin D deficiency and its
significance in the ICU are starting to be understood. The
causes of hypovitaminosis D are multifactorial. Although
limited exposure to sunlight before and during chronic ill-
ness is probably an important factor, decreased vitamin D
intake and altered vitamin D and parathyroid metabolism
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during critical illness are important contributors to the con-
dition. Vigilance is needed to identify subclinical vitamin D
deficiency in these high-risk patients, and early initiation of
vitamin D supplementation should be instituted.

Conclusions

Moderate to severe vitamin D deficiency increases length
of stay in surgical intensive care unit patients, ICU treat-
ment cost, and mortality rate. Therefore, vitamin D status
should be screened in all surgical intensive care unit patients
at admission, and potentially treated even when a serum
level of less than 40 ng/mL is identified. Further study is
needed to determine the optimal treatment for this potential
risk factor in surgical intensive care unit patients.
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This article by Dr. Matthews, 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, is also available to 
read for free through pubmed.gov
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Procedure Reform & 
Cost Savings 



1.) Worsening Severity of Vitamin D Deficiency is Associated with Increased 
Length of Stay, Surgical Intensive Care Unit Costs, and the Mortality Rate in 
Surgical Intensive Care Unit Patients (The American Journal of Surgery, 
2012) 

A 2012 study in the American Journal of Surgery reported vitamin D deficiency 
was related inversely to 1.) length of hospital stay 2.) treatment cost and 3.) in-
hospital mortality 

2.) Wellness Profile: Dr. Ray Matthews Unleashes the Power of Vitamin D 
(Life Extension, 2013) 

An article in the October 2013 Life Extension magazine reports that initiation of 
vitamin D supplementation protocols at Grady Memorial Hospital resulted in a 
42% decrease in in-hospital critical care mortality, reducing in-hospital costs by 
over 50%. 

3.) The Short-Term Impact of Vitamin D-Based Hip Fracture Prevention in 
Older Adults in the United Kingdom (Journal of Endocrinological 
Investigation, 2014) 

This 2014 study found that that the potential cost savings of universal vitamin D 
prescription usage by UK seniors estimated a 30% reduction in the number of hip 
fractures, with a one year savings of $222 million for women, and a reduction of 
1,700 hip-fracture related deaths.  

4.) Vitamin D3 Supplementation in Patients with Frequent Upper Respiratory 
Tract Infections: a Randomized and Double-Blind Intervention Study (British 
Medical Journal, 2012) 

A Swedish meta-analysis from June, 2013 found that vitamin D was a protective 
factor in cases of upper respiratory tract infections.  It found that daily doses were 
almost twice as effective as weekly or monthly doses.  

5.) Association of 25-Hydroxyvitamin D with Type 2 Diabetes Among Patients 
Undergoing Coronary Angiography: Cross-Sectional Findings from 
Ludwigshafen Risk and Cardiovascular Health Study (Clinical 
Endocrinology, 2013) 



This study of 3,316 coronary angiography patients found that there was a 37% 
reduction in the odds of Type 2 diabetes in patients with serum levels greater than 
30 ng/ml, compared to those who had inadequate levels of vitamin D. 

6.) Preclinical Serum 25-Hydroxyvitamin Levels and Risk of Type 1 Diabetes 
in a Cohort of US Military Personnel (American Journal of Epidemiology, 
2013) 

This study of US military personnel found that non-Hispanic, white service 
members who had a pre-diagnosis serum level of over 48 ng/ml had a 44% lower 
risk of developing Type 1 diabetes compared with those who had levels of less 
than 30 ng/ml.  

7.) Treatment with Oral Active Vitamin D is Associated with Decreased Risk 
of Peritonitis and Improved Survival among Patients on Peritoneal Dialysis 
(PLOS ONE, 2013) 

This study from Australia found that patient mortality decreased 54% when  
patients were treated with oral active vitamin D. Vitamin D supplementation also 
more than tripled the time before a patient’s first infection event, as well as 
reducing the overall number of infections by 64% a year.  

8.) Cost-effectiveness Analysis of Hip Fracture Prevention with Vitamin D 
Supplementation: A Markov Micro-Stimulation Model Applied to the French 
Population Over 65 years Old Without Previous Hip Fracture (International 
Osteoporosis Foundation, 2014) 

A cost-effectiveness analysis study from April 2014 of four vitamin D 
supplementation strategies for the primary prevention of hip fractures among the 
women over age 65 in the French population determined that screening followed 
by life-time treatment was the most cost-effective; it found that the status quo of a 
no-treatment alternative would never be cost-effective.  

9.) Improving Health to Decrease Costs In Alaska (Paul Seaton, Alaska State 
House of Representatives, HB 356, 2014) 

This analysis showing $10.6 million savings based on only the 81,381 people 
covered under Alaska state insurance as active, retired employee, and dependents, 



and only on direct savings from breast and colorectal cancer, diabetes, and pre-
term birth prevention.  

10.) House Concurrent Resolution 5 Unanimously Passed the Alaska 
Legislature in 2011 (Sponsored by Paul Seaton, Alaska State House of 
Representatives)  

HCR 5 represented 37 pre-2011 studies, including cost saving estimates for both 
Canada and the USA.  It called on the State “to establish prevention of disease as a 
primary model for healthcare in Alaska”.   

 



Family Practice & 
Infection Reduction 





1.) Vitamin D Supplementation During Pregnancy: Double-Blind, 
Randomized Clinical Trial of Safety and Effectiveness (Journal of Bone and 
Mineral Research, 2011) 

This 2011 clinical trial supplemented participants at with various levels of vitamin 
D and found 4,000 IU/d was safe, as well as the most effective dose for achieving 
serum levels of 30 ng/ml sufficiency for all ethnicities during pregnancy. In the 
400 IU/d group, only 39.7% met the 20 ng/ml IMO guideline for sufficiency, while 
the 2,000 IU/d group had a sufficiency rate of 58%.  The authors recommend the 
RDA for pregnant women be raised to 4,000 IU/d for optimal nutrition.  

2.) Low Serum 25-Hydroxyvitamin D Level and Risk of Upper Respiratory 
Tract Infection in Children and Adolescents (Clinical Infectious Diseases, 
2013) 

A Canadian study from August 2013 found that children with vitamin D serum 
levels less than 20 ng/ml suffer from 70% more respiratory tract infections than 
children whose serum level is 30 ng/ml or greater.   

3.) Low Serum 25-Hydroxyvitamin D Levels and Bronchiolitis Severity in 
Spanish Infants (European Journal of Pediatrics, 2014) 

A March 2014 study found that the prevalence of vitamin D deficiency is higher in 
Spanish infants with bronchitis.  Spanish infants with high vitamin D levels had a 
26% rate of infection, while those with low level had a rate of 57%.  Additionally, 
the study found that severity of acute bronchitis infections increases with the 
decline of vitamin D levels.  

4.) Vitamin D Supplementation Reduces the Risk of Acute Otitis Media in 
Otitis-Prone Children (The Pediatric Infectious Disease Journal, 2013) 

This October 2013 prospective, double-blind and placebo controlled study 
followed children who were prone to middle ear infections.  It found that treating 
them with 1,000 IU of vitamin D could raise serum levels to over 30 ng/ml, and 
that children with serum levels greater than 30 ng/ml experienced a 77% reduction 
in incidents of uncomplicated bacterial ear infections, which are the most common 
type of ear infection in infants and young children.    



 

5.) Vitamin D and Respiratory Tract Infections: a Systematic Review of and 
Meta-Analysis of Randomized Controlled Trials (PLOS ONE, 2013) 

A Swedish meta-analysis from June 2013 found that vitamin D was a protective 
factor in cases of upper respiratory infections.  It also found that daily doses were 
almost twice as effective as weekly or monthly doses.  

6.) Vitamin D Status of Exclusively Breastfed Infants aged 2-3 Months 
(Archive of Disease in Childhood, 2013) 

A study from New Zealand showed that vitamin D deficiency occurred in 87% of 
newborns during nursing.  The rate was especially high among the subpopulations 
Indian and Pacific Islanders.  Supplementation of the nursing mother with 200 to 
500 IU daily proved insufficient to increase vitamin D levels through the mother’s 
milk.    

 

 



Mental Health 
Improvement 





1.) Low Vitamin D Status and Suicide: A Case-Control Study of Active Duty 
Military Service Members (PLOS ONE, 2013) 

This study examined suicide rates.  To test the hypothesis that a vitamin D 
deficiency is related to increased suicide risk, this case-control study used stored 
serum levels of active (2002-2008) military members whose blood was available 
for testing. There were 495 confirmed suicide cases, compared with 495 non-
suicide matched cases.  The lowest levels of 25(OH) D were associated with 
double the risk of suicide.  

2.) Vitamin D and the Risk of Dementia and Alzheimer Disease (American 
Academy of Neurology, 2014) 

A study from August 6, 2014 followed 1,658 US adults who were free from 
dementia at the beginning of the study.  Participants were involved for a mean of 
5.6 years, and during that time, 171 patients developed all-cause dementia, with 
102 of those cases being Alzheimer’s disease.  It found that patients with low 
serum levels were at a significantly higher risk for developing all-cause dementia, 
as well as Alzheimer’s disease.  

3.) Low Serum Vitamin D Concentrations in Alzheimer’s Disease: a 
Systematic Review and Meta-Analysis (Journal of Alzheimer’s Disease, 2012)  

An examination of low vitamin D levels in Alzheimer’s patients found compelling 
evidence that patients with significantly lower vitamin D serum levels were at the 
highest risk for developing the disease.  The author hypothesizes that low vitamin 
D levels increase an individual’s susceptibility to Alzheimer’s.   

4.) Vitamin D and Common Mental Disorders in Mid-life: Cross Sectional and 
Prospective Findings (Journal of Clinical Nutrition, 2013)  

This study found that lower levels of vitamin D in midlife are associated with a 
43% increase in depression and 67% increase in panic disorders, as well as a 
relationship to a higher subsequent risk of depressive symptoms.  

 

 



5.) Vitamin D Deficiency in First Episode Psychosis: a Case-Controlled Study 
(Schizophrenia Research, 2013)  

A 2013 case-controlled study found that low levels of vitamin D were associated 
with a three-fold increased risk of a first psychosis incidence.  

6.) The Association Between Vitamin D and Cognition: A Systematic Review 
(Aging Research Review, 2013) 

A study from 2013 reviewed Netherland-based data, and found that low levels of 
vitamin D are associated with decreased cognition levels and a higher frequency of 
Alzheimer’s disease.  

7.) Association of Serum 25-Hydroxyvitamin D with Symptoms of Depression 
After 6 Months in Stroke Patients (Neurochemistry Research, 2014) 

This study from August, 2014 found that 80% of stroke victims were vitamin D 
deficient (>20 ng/ml), which was half the median of the control group. Among 
those with depression 6 months after their stroke, vitamin D levels were half that of 
those who did not develop depression.  The patients with vitamin D levels below 
11.2 ng/ml were ten times more likely to develop depression.    

8.) Vitamin D Decreases Pain in Women with Type 2 Diabetes and Depression 
(Loyola Health, 2013)  

A presentation at the Loyola University Health Sciences Campus on October 24th, 
2013 demonstrated significantly reduced depression and neuropathic pain at 3 and 
6 month follow-ups. The participants took 50,000 IU per week of vitamin D as 
treatment.  

9.) Vitamin D Insufficiency and Schizophrenia Risk: Evaluation of 
Hyperprolinemia as a Mediator of Association (Schizophrenic Research, 2014)  

A study from March of 2014 found schizophrenic patients were twice as likely as 
the matched control group to have low vitamin D levels, and that patients that were 
insufficient in vitamin D were three times more likely to have hyperprolinemia that 
those with optimal vitamin D levels. According to the authors, “these findings 
strongly support vitamin D supplementation in patients...”   



Dental & Rural Health 





1.) Dietary Adequacy of Vitamin D and Calcium among Inuit and Inuvialuit 
Women of Child-Bearing Age in Artic Canada: a Growing Concern (PLOS 
ONE, 2013)  

This study demonstrated that 82% of women in the Canadian regions of Nunavut 
and Northwest Territories who were of child-bearing age and who consumed 
traditional food did not have adequate levels of vitamin D.  It also found 91% of 
non-traditional food eaters did not get the estimated daily requirement of vitamin 
D.  

2.) Prevalence of Vitamin D Insufficiency Among Healthy School-aged Cree 
Children (Pediatrics and Child Health, 2014) 

A study from March 2014 found that 43% of 8 to 14 year old Cree children had a 
serum level of below the American Association of Physicians recommended level 
of 50 ng/ml.  This study demonstrates the severity of vitamin D deficiency in 
Native populations above 52°N latitude.  Despite the small sample size of 52 
children, this study’s results correlate with similar research into vitamin D 
deficiency in populations at higher latitudes. 

3.) Anti-Inflammatory Effect of Vitamin D on Gingivitis: a Dose-Response 
Randomized Control Trial (Oral Health and Preventive Dentistry, 2013)  

A double-blind placebo controlled study followed patients for 3 months.  The study 
divided its participants into four groups who received different vitamin D doses: 
group A received 2,000 IU per day, group B received 1,000 IU per day, group C 
received 500 IU per day, and group D received a placebo.  It found that both 
groups A, B, and C had a significant decline in inflammatory gingivitis.  The 
length of treatment necessary to significantly reduce risk was lowered with 
heightened doses.  Group A showed a statistically significant risk reduction at the 
end of the 1st month, group B showed a statistically significant risk reduction at the 
end of the 2nd month, and group C showed a statistically significant risk reduction 
at the end of the 3rd month.  The 2,000 IU/d group achieved 48 ng/ml and over an 
80% reduction in their gingival score over 90 days.  

 



4.) Vitamin D and Periodontal Health in Older Men (Journal of Dental 
Research, June 2013) 

This 2013 study of U.S. military veterans showed a 33% decrease in periodontal 
disease and a 46% decrease in the risk of moderate to severe jaw bone loss in older 
men who consumed greater than 800 IU of vitamin D compared to those who took 
less than 400 IU daily. 

5.) Vitamin D Status of Children with Severe Early Childhood Caries: a Case 
Control Study (BMC Pediatrics, 2013) 

This 2013 Canadian pilot study examined 144 children with severe early-childhood 
caries (S-ECC) compared with 122 controls free of caries.  It found that S-ECC 
Canadian pre-school children had significantly greater odds of having low vitamin 
D status.  The authors are specifically “recommending vitamin D supplementation 
for children at risk” which “may result in a decrease in the overall prevalence of S-
ECC and ultimately reduce the burden on pediatric day surgery centers”.  

 

 

 

 


