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BACKGROUND: In this study, we examined the association between 25-hydroxyvitamin D
(25(OH)D) concentration and successful weaning from mechanical ventilation in a cohort of ICU
survivors requiring prolonged mechanical ventilation. METHODS: This was a retrospective cohort
study of ICU survivors admitted to a long-term acute care hospital. Demographic data were
extracted from medical records, including 25(OH)D concentrations drawn on admission. Subjects
were divided into 2 groups based on their 25(OH)D concentrations (deficient, < 20 ng/mL; not
deficient, = 20 ng/mL), and associations between 25(OH)D concentration and successful weaning
were calculated. RESULTS: A total of 183 subjects were studied. A high prevalence of 25(OH)D
deficiency was found (61%, 111/183). No association was found between 25(OH)D concentration
and weaning from mechanical ventilation. Increased comorbidity burden (Charlson comorbidity
index) was associated with decreased odds of weaning (odds ratio of 0.50, 95% CI 0.25-0.99,
P = .05). CONCLUSIONS: Vitamin D deficiency is common in ICU survivors requiring prolonged
mechanical ventilation. Surprisingly, there was no significant relationship between 25(OH)D con-
centration and successful weaning. This finding may be due to the low 25(OH)D concentrations seen
in our subjects. Given what is known about vitamin D and lung function and given the low vitamin
D concentrations seen in patients requiring long-term ventilatory support, interventional studies
assessing the effects of 25(OH)D supplementation in these patients are needed. Key words: vitamin
D; respiratory failure; ventilator weaning; prolonged mechanical ventilation,; critical illness. [Respir

Care 2015;60(7):1033-1039. © 2015 Daedalus Enterprises]

Introduction

Survivors of catastrophic critical illness often require
extended care outside of the ICU. These patients have
been referred to as chronically critically ill or having pro-
tracted critical illness.!> Many of these patients require
ventilatory support, as they cannot be weaned during their
ICU stay. A long-term acute care (LTAC) hospital pro-
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vides the specialized care required for prolonged mechan-
ical ventilation, as well as treatment for severe malnutri-
tion, physical deconditioning, and decubitus wounds
present in these patients recovering from sequelae of crit-
ical illness.>* At LTAC hospitals, critical illness survivors
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receive multidisciplinary care. Typically, each nurse cares
for 5 or 6 patients, a number that is well above the 2:1
patient-to-nurse ratio that is typically seen in ICUs. LTAC
patients receive treatment designed to promote ventilator
weaning and to decrease morbidity and mortality.>® Al-
though only 10% of all ICU patients are discharged to an
LTAC hospital, they utilize ~40% of all critical care re-
sources for an annual cost of ~20 billion dollars.!°

Although its primary role is to help regulate the miner-
alization and calcification of bone, vitamin D is a steroid
hormone with multiple physiologic effects. Vitamin D re-
ceptors are present in almost all tissues in the human body,'!
and vitamin D plays an important role in angiogenesis,
apoptosis, cell differentiation and proliferation, and immu-
nomodulation. The presence of vitamin D receptors on
CD4, CD8, B cells, neutrophils, and a host of other im-
mune cells suggests that it plays an integral part of the
body’s immune response.!?

Vitamin D concentration has been associated with lung
development, function, and other pulmonary-associated
measures. In mouse models, incomplete lung development
with resulting decreased volume has been shown to be
directly associated with vitamin D deficiency.!? Vitamin D
concentration has been shown to be directly correlated
with spirometry and gas exchange in subjects with inter-
stitial lung disease.!* Subjects with COPD who had mild
vitamin D insufficiency'> and who engaged in rehabilita-
tion demonstrated higher functional gains when vitamin D
supplementation was added to their rehabilitation regi-
men.'¢ Furthermore, COPD subjects with severe vitamin
D deficiency (< 10 ng/mL) had a significantly lower rate
of COPD exacerbations with supplementation compared
with those without.!”

Our retrospective cohort study of ICU subjects in an
LTAC hospital tested the hypothesis that 25-hydroxyvita-
min D (25(OH)D) concentration is inversely associated
with the odds of successful weaning from prolonged me-
chanical ventilation. To accomplish this, we studied 183
subjects previously admitted to an LTAC facility and fol-
lowed their progress for 60 d or until discharge home,
transfer out of the facility, or death.

Methods
Study Design and Subject Selection

We conducted a retrospective cohort study of 183 sub-
jects 18 y of age or older who were discharged from June
1, 2010 to May 31, 2012 from the ICU directly to the
University Specialty Hospital, an urban LTAC facility af-
filiated with the University of Maryland Medical Center.
To be eligible for our study, the subjects could not have
received prolonged ventilatory support before their ICU
admission, but subsequent to being admitted to the ICU
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Current knowledge

Vitamin D concentrations have been associated with
lung development, function, and other pulmonary-as-
sociated measures. Vitamin D concentrations have been
shown to be directly correlated with spirometry and gas
exchange in patients with interstitial lung disease. Pa-
tients with COPD and mild vitamin D insufficiency
have shown a significantly lower rate of exacerbations
when given supplementation.

What this paper contributes to our knowledge

Vitamin D deficiency was a common finding in ICU
survivors requiring prolonged mechanical ventilation.
There was no significant relationship between 25-hy-
droxyvitamin D concentrations and successful wean-
ing. A number of subjects had very low vitamin D
levels, and the role of vitamin D supplementation re-
mains unknown.

and before being admitted to the LTAC facility, they must
have required mechanical ventilation for = 21 d. All sub-
jects had a tracheotomy and were medically stable, having
recovered from the disease or condition that precipitated
their initial hospitalization. To be eligible for admission to
the LTAC facility, the patients had to be able to tolerate at
least 1 h of therapy (physical therapy, occupational ther-
apy, or speech/language pathology) per d. Therapy con-
sisted of basic mobility training and retraining in the ac-
tivities of daily living, speech, and swallowing. None of
the subjects in our study received vitamin D supplemen-
tation, as the study was conducted before the importance
of measuring vitamin D concentration and supplementing
patients with low concentrations became general medical
practice. The subjects were followed from the time of their
admission to the LTAC hospital for 60 d or until they were
discharged home, were transferred out of the facility, or
died. Subjects who were discharged from the LTAC hos-
pital to an acute care facility or another location contrib-
uted data to our analysis up until the time that they were
discharged. If they were subsequently readmitted to the
LTAC facility, their additional follow-up experience was
not included in our analysis. This study was approved by
the University of Maryland School of Medicine institu-
tional review board.

Data Collection

Data extracted from a subject’s electronic medical re-
cord included demographic information, presence of in-
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Table 1.  Baseline Characteristics of Mechanically Ventilated ICU Survivor Cohort by 25(OH)D status

25(0OH)D Concentration

Characteristic Total P
< 20 ng/mL = 20 ng/mL

Subjects, n (%) 111 (61) 72 (39) 183

Age, y 58 16 59 + 16 58 £ 16 73
Male, n (%) 40 (22) 26 (10) 66 (36) 47
Race, n (%) .01

Black 59 (55) 27 (36) 86 (47)
Non-black 49 (45) 48 (64) 97 (53)

Stay, d 46 = 34 71 £92 57 £ 62 <.001
BMI, kg/m? 33+ 15 3214 33+ 15 .56
25(0OH)D, ng/mL 11x4 29 + 10 18 £ 11 <.001
Creatinine, mg/dL. 3.6 = 8.1 20*5.0 3+1 < .001
Blood urea nitrogen, mg/dL 29 £ 25 23 £ 19 27 =20 .06
Prealbumin, mg/dL 18 =7 17+ 6 18 =7 13
Albumin, g/dL 2.3 +0.6 23+0.5 24+ 0.6 .83
Hemoglobin, g/dL 92+ 1.7 9.7 1.7 9.0 +2.0 .04
Dialysis-dependent, n (%) 30 (17) 10 (5) 40 (22) .02
Decubitus ulcers, n (%) 50 (27) 43 (24) 93 (51) .14
Foley catheter, n (%) 51(28) 40 (22) 91 (50) 41
Percutaneous feeding tube, n (%) 94 (51) 69 (38) 163 (89) 28
Charlson comorbidity index 49*+32 54*x29 50x3.0 45

Student’s 7 test test used to compare means of continuous variables. The Pearson chi-square test used to compare categorical variables.

25(0OH)D = 25-hydroxyvitamin D
BMI = body mass index

dwelling lines (central venous catheters, Foley catheters),
feeding tubes, prior site and unit of hospitalization (med-
ical, surgical, trauma, neurologic, or cardiac ICU), pres-
ence of decubitus ulcers, LTAC stay, nursing and respira-
tory notes, radiography reports, and laboratory results
(microbiology culture, creatinine, prealbumin, albumin, he-
moglobin, complete blood count, vitamin D concentra-
tion). Subjects were placed into one of 2 groups based
upon their 25(OH)D concentration: deficient (< 20 ng/mL)
or not deficient (= 20 ng/mL) following the Endocrinol-
ogy Society guidelines for interpreting 25(OH)D concen-
trations.!'! Comorbidity burden was determined using the
Charlson comorbidity index with the Deyo modification. '8
The Charlson comorbidity index is a weighted scoring
system that estimates 1-y mortality based on comorbid
conditions as defined by Internal Classification of Dis-
eases, 9th Revision codes. Higher Charlson comorbidity
index values represent greater comorbidity and higher prob-
ability of 1-y mortality.

Outcome Measures

Our outcome measure was weaning status 60 d after
entry into the study or at time of death or discharge from
the LTAC hospital if death or discharge occurred before
day 60. Successful weaning was defined following Na-
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tional Association of Medical Direction of Respiratory Care
guidelines, which include the ability to tolerate a trache-
ostomy collar for 48 h without mechanical ventilatory sup-
port or for 7 d requiring only nocturnal ventilation for
= 8 h.! Weaning status was recorded as weaned or not
weaned.

Statistical Analysis

Thirty-four candidate predictor variables were tested for
an association with weaning. Variables are listed in Table
1. These variables are in addition to the 16 variables that
compose the Charlson comorbidity index. Those variables
that on bivariate analysis demonstrated a significant rela-
tion to weaning and 25(OH)D concentration and thus were
potential predictors or confounders (P < .20) of the rela-
tionship between 25(OH)D concentration and weaning
were included in a multivariable logistic regression pre-
dicting weaning. As a result of these analyses, 25(OH)D,
age, race, serum albumin concentration, and presence of
comorbid conditions (assessed by the Charlson comorbid-
ity index) were included in our multivariable logistic re-
gression predicting weaning. One additional variable, re-
nal function (requiring vs not requiring dialysis), was
included in the model, as renal function has been shown to
be a predictor of weaning in other studies. Each covari-

1035



VitaMIN D AND WEANING FROM PROLONGED MECHANICAL VENTILATION

ate’s range of values was divided into 2 groups based on
values published in medical literature. We chose = 65 y
old as defining older versus younger, as 65 y is well es-
tablished as designating older individuals. The Charlson
comorbidity index was divided into =5 versus > 5, as
subjects with a Charlson comorbidity index of =5 were
demonstrated by Charlson to have a mortality of 85%.'3 A
serum albumin concentration of = 2.4 g/dL was used as a
discriminator value to designate an adequate versus inad-
equate level. Race was characterized as black versus non-
black. The Pearson chi-square test was used to compare
categorical variables, and analysis of variance was used to
compare means between the 2 strata of 25(OH)D. Contin-
uous variables are presented as mean = SD, and categor-
ical variables are presented as counts and percentages un-
less indicated otherwise. We used the traditional definition
of a 2-tailed P = .05 for statistical significance.

Results

A total of 183 subjects were divided into 2 groups based
on 25(OH)D concentration: < 20 ng/mL and = 20 ng/mL
(see Table 1). The median 25(OH)D concentration of the
cohort was 16.3 ng/mL, with an interquartile range of 10.1—
24.2 ng/mL (range of 4.0-71.7 ng/mL). The mean age of
the subjects was 58 = 15 y (range of 18—87 y), and 47%
were black. Half of the subjects had decubitus ulcers (51%),
and 89% received feeding via a percutaneous gastrostomy
tube. Comorbidity burden was high, and the mean Charl-
son comorbidity index was 5.0 = 3.0. Average stay in the
ventilator weaning unit was 57 * 62 d (range of 4—-168 d).
During follow-up, 66 of 183 subjects were weaned: 41%
(45/111) of the deficient 25(OH)D group (< 20 ng/mL)
and 29% (21/72) of those with insufficient or normal con-
centrations (= 20 ng/mL) successfully weaned. By the end
of follow-up, the status of our 183 subjects was as follows:
32/183 (17%) went home, 96/183 (53%) were transferred
to an acute care facility, 47/183 (26%) were discharged to
a skilled nursing facility, and 8/183 (4%) died. The vita-
min D concentrations in our subjects were quite low, as the
majority of the subjects’ concentrations were in the defi-
cient range (Fig. 1): 61% (111/183) of our subjects were
deficient, 27% (49/183) were insufficient, and 12%
(22/183) had levels in the normal range. Subjects with
deficient 25(OH)D concentrations (< 20 ng/dL) were more
likely to be black (55% vs 36%, P = .01), had a signifi-
cantly shorter hospital stay (46 = 34 vs 71 =92d, P <.001)
and a lower 25(OH)D concentration (11 * 4 vs 29 = 10 ng/
dL, P < .001), were more likely to be hemodialysis-de-
pendent (17% vs 5%, P = .02), and had lower hemoglobin
9.2 £ 1.7 vs 9.7 £ 1.7 g/dL, P < .04). All subjects
admitted to the LTAC hospital had to be hemodynamically
stable, and thus, transfusion upon admission to the LTAC
hospital was extremely rare. On those few occasions when
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Fig. 1. Vitamin D status of ICU survivors requiring prolonged me-
chanical ventilation (PMV). Deficient, < 20 ng/mL 25-hydroxyvita-
min D (25(0OH)D); insufficient, 20-29.9 ng/mL 25(0OH)D; normal,
= 30 ng/mL 25(0OH)D.

a subject received a transfusion, the blood product trans-
fused was frequently packed red blood cells that contained
little (if any) vitamin D. Furthermore, none of the subjects
received vitamin D supplementation, as our study was
conducted before the importance of testing for and sup-
plementing with low 25(OH)D concentrations was com-
mon medical practice. Thus, the 25(OH)D levels we report
are accurate estimates of the subjects’ 25(OH)D concen-
trations.

Unadjusted logistic regression comparing subjects who
successfully weaned with those who did not failed to dem-
onstrate an association between 25(OH)D concentration
and successful weaning. In multivariable logistic regres-
sion (Table 2), no association was found between success-
ful weaning and 25(OH)D concentration (deficient vs not
deficient, odds ratio [OR] = 0.62, 95% CI0.32-1.22,
P = .17). When analysis was performed assessing the
relationship between the vitamin D classifications defi-
cient (< 20 ng/mL), insufficient (20-29.9 ng/mL), and nor-
mal (= 30 ng/mL), the results were similar (< 20 ng/mL,
OR = 1.0 [reference]; 20-29.9 ng/mL, OR = 2.38,
95% CI0.37-15.23; = 30 ng/mL, OR = 1.82,
95% CI 0.27-12.35). In the model, the OR for a Charlson
comorbidity index of =5 compared with <35 was 0.50
(95% C10.25-0.99, P = .05) (Table 2), indicating a lower
likelihood of successful weaning for those with a higher
Charlson comorbidity index. When 25(OH)D concentra-
tion was entered into the model as a continuous covariate
or when the Charlson comorbidity index was added to the
model as a continuous covariate, the inferences drawn
were essentially unchanged (25(OH)D as continuous vari-
able, OR = 1.00, 95% CI 0.97-1.03; Charlson comorbid-
ity index as continuous variable, OR = 0.91,95% CI 0.81—
1.01).
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Table 2.  Multivariable Logistic Regression Examining Factors
Associated With Weaning From Prolonged Mechanical
Ventilation

Characteristic Odds Ratio 95% CI P
25(0OH)D
< 20 ng/mL (reference) 1.00
=20 ng/mL 0.62 0.32-1.22 .17
Age
< 65y (reference) 1.00
=65y 0.76 0.39-148 42
Race
Black (reference) 1.00
Not black 1.36 0.84-2.23 23
Serum albumin
< 2.4 g/dL (reference) 1.00
=24 g/dL. 1.07 0.57-2.02 .83
Renal function
Not on dialysis (reference) 1.00
Dialysis-dependent 0.62 0.27-1.42 25
Comorbidities
Charlson comorbidity index < 5 1.00
(reference)
Charlson comorbidity index = 5 0.50 0.25-0.99 .05
25(0OH)D = 25-hydroxyvitamin D
Discussion

This study demonstrates the high prevalence of 25(OH)D
insufficiency and deficiency in ICU survivors receiving
prolonged mechanical ventilation and that higher comor-
bidity burden (higher Charlson comorbidity index) de-
creases the odds of successful weaning. Surprisingly, given
what is known about vitamin D and its immunologic, anti-
inflammatory, and antibacterial idiosyncratic effects, we
were unable to find any relationship between 25(OH)D
concentration and ventilator weaning success.

We are unaware of any prior studies that examined the
relationship between 25(OH)D concentration and weaning
from mechanical ventilation. However, a growing body of
literature demonstrates relationships between 25(OH)D
concentrations and lung development'? and function,?0:2!
particularly in obstructive lung disorders such as asthma
and COPD. 25(OH)D concentration has a direct relation-
ship with severity of obstructive lung disease in patients
with COPD; lower 25(OH)D levels are associated with
worse FEV, and FVC.?2 In addition, increased frequency
and severity of exacerbations in patients with both COPD'?
and asthma?3 are associated with lower 25(OH)D concen-
trations. In the critically ill, 25(OH)D deficiency has been
associated with longer hospital stays,>*-?7 higher incidence
of renal failure,?® and increased mortality.2°-30

Lung function plays a role in successful weaning from
prolonged mechanical ventilation.3'-32 Thus, it is reason-
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able to expect that higher 25(OH)D concentrations would
be associated with increased odds of weaning. We were
not able to demonstrate this, as we found no association
between successful weaning and 25(OH)D concentration.
There are several possible explanations for this surprising
finding. It is possible that 25(OH)D concentration is un-
related to weaning, but as noted above, this would not be
expected given what is now known about the actions of
vitamin D. A second explanation is type-2 error, that is,
not having enough power to demonstrate vitamin D’s ef-
fect on weaning. Although possible, our sample size (66 of
183 subjects were successfully weaned) should be suffi-
cient to demonstrate a reasonably robust effect of vitamin
D on weaning. It is also possible that the vitamin D con-
centrations seen in our population were too low to allow
25(OH)D to have an effect on weaning. Our study popu-
lation did not receive vitamin D supplementation, as our
subjects were hospitalized before the relatively recent rec-
ognition of the importance of looking for and treating low
25(0OH)D concentrations. Sixty-one percent of our sub-
jects were vitamin D-deficient (25(OH)D < 20 ng/mL).
This is greater than the 41% prevalence demonstrated in
large population-based studies.?? We believe that our study
is the first to document the extremely high prevalence of
deficient 25(OH)D concentrations in the long-term care,
chronically mechanically ventilated population. We re-
cently demonstrated that, at least for glucose and insulin
metabolism, 25(OH)D needs to be above ~26 ng/mL to
have an effect on outcome.?* The same may be true for
weaning.

Our analyses demonstrate that subjects with higher co-
morbidity burden, as represented by a Charlson comorbid-
ity index of = 5, had a lower likelihood of weaning. De-
spite the biological plausibility of this finding, few studies
have shown a relationship between the Charlson comor-
bidity index, representing the number and type of comor-
bidities, and weaning.?>

Limitations of our study include the fact that our study
was not a randomized controlled trial and that the 25(OH)D
concentrations in our subjects were quite low. We do not
know what would have happened if our subjects had re-
ceived vitamin D supplementation. Additionally, although
we chose the cut points for our independent variables based
on published literature and biological plausibility, the cut
points we chose for age, race, serum albumin, and Charlson
comorbidity index may affect the results. Despite these lim-
itations, to the best of our knowledge, our study is the first to
examine the relation of 25(OH)D concentration with the abil-
ity to wean from long-term ventilatory support.

Conclusions

In summary, we were not able to demonstrate a signif-
icant relationship between baseline 25(OH)D concentra-
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tions on admission to the LTAC facility and successful
weaning from mechanical ventilation. Nevertheless, we did
show a relationship between the Charlson comorbidity index
and weaning. Given what is known about the multiple phys-
iologic effects of vitamin D (the relationship of 25(OH)D
concentration to lung development and pulmonary function
in patients with pulmonary diseases such as asthma and COPD,
in particular), our results are counterintuitive. Our results may
indicate that there is no support for a prospective interven-
tional trial to determine whether 25(OH)D supplementation
facilitates weaning. However, given the low 25(OH)D con-
centrations in our subjects, it may be that the values were
below a critical value needed to facilitate weaning, and thus,
a clinical trial of vitamin D in patients on long-term ventila-
tory support may be indicated.
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