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Abstract

The goal of the present study was to determine whether pre-hospital 25-hydroxyvitamin D
(25(OH)D) levels are associated with the risk of hospital-acquired new-onset delirium (HANOD).
We performed a retrospective cohort study of 4508 adult inpatients at two teaching hospitals in
Boston from 1993 to 2006. All patients had 25(OH)D levels measured before hospital admission.
The main outcome measure was HANOD, defined as the onset of delirium during an acute care
hospitalisation. Patients with a history of delirium or dementia, or those with a diagnosis of
delirium or dementia upon acute care hospitalisation were excluded from the analysis. To test the
association of pre-hospital 25(OH)D levels with HANOD, we constructed a multivariable logistic
regression model to adjust for clinically relevant covariates. Among our patient cohort, the mean
25(0OH)D level was 22 (SD 13) ng/ml and approximately 4 % of patients met the criteria for
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HANOD. Following adjustment for age, sex, race (non-white v. white), patient type (medical v.
surgical) and Deyo—Charlson Index, patients with 25(OH)D levels , 10, 10-19-9 and 20-29-9
ng/ml had higher odds of HANOD than patients with 25(OH)D levels = 30 ng/ml: OR 2-15 (95 %
Cl 1-32, 3-50), OR 1-54 (95 % CI 0-98, 2-43) and OR 1-23 (95 % ClI, 0-76, 1-99), respectively.
These data support the rationale for randomised, controlled trials to test the role of vitamin D
supplementation in the prevention of HANOD.
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Vitamin D; 25-Hydroxyvitamin D; Delirium; Nosocomial infections; Hospital-acquired new-onset
delirium

Delirium is a complex neuropsychiatric syndrome defined by five key elements: (1) a
disturbance of attention; (2) a change in cognition; (3) a rapid onset; (4) a fluctuating course;
(5) history, physical examination or laboratory findings which suggest that the disturbance is
caused by a direct physiological consequence of a general medical condition, an intoxicating
substance, medication use or more than one cause@). It is commonly encountered in health
care settings and has an occurrence rate between 11 and 56 % in hospitalised patients(2-3).
While many patients may have a pre-existing history of delirium or another neurocognitive
disorder (e.g. dementia) that significantly increases the risk of delirium in an
institutionalised setting(-5), the incidence of hospital-acquired new-onset delirium
(HANOD) in other wise ‘low-risk” individuals is estimated to be between 3 and 29 %(?). On
average, patients who develop HANOD remain hospitalised 4-13 d longer than their non-
delirious counterparts("). There is also a 2-fold increased risk of mortality at 12 months
when patients who develop HANOD are compared with those who remain free of
delirium(®. In the USA, annual health care expenditures attributable to HANOD are
estimated to be $38-152 billion(®.

The underlying cause of delirium is often multifactorial©®. Age, sex, medical comorbidities,
recent surgery and history of cognitive impairment are all known risk factors for delirium in
hospitalised patients(’:9). Recently, with the discovery of vitamin D receptors in the human
cortex and hippocampus (areas critical for intact cognition)(19), the role of vitamin D status
in neuropsychiatric disorders has become an area of active investigation(11.12)_ Indeed, levels
of the best serum marker of vitamin D status, 25-hydroxyvitamin D (25(OH)D), have been
shown to be associated with the risk of dementia®3), Alzheimer’s disease(4) and
depression(). Given the high prevalence of suboptimal 25(OH)D levels in the general
population of the USA(6-20) we performed a two-centre observational study of hospitalised
adult patients. The objective of the present study was to investigate whether vitamin D status
before hospital admission is associated with an increased risk of developing HANOD.

Materials and methods

Source population

We abstracted administrative and laboratory data from individuals who were hospitalised at
one of two teaching hospitals in Boston, Massachusetts: Brigham and Women’s Hospital,
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with777 beds, and Massachusetts General Hospital, with 902 beds. These two hospitals
provide primary and tertiary care to an ethnically and socioeconomically diverse population
within and around Eastern Massachusetts.

Data sources

We obtained data on all patients admitted to Brigham and Women’s Hospital or
Massachusetts General Hospital between August 1993 and November 2006 through the
Research Patient Data Registry (RPDR). RPDR is a computerised registry, which serves as a
central data warehouse for allinpatient and outpatient records at Partners HealthCare
facilities (including Brigham and Women’s Hospital and Massachusetts General Hospital).
The registry has been used for multiple clinical research studies(?1-25), The Institutional
Review Board approval for the study was granted by the Partners Human Research
Committee.

Study population

We identified 5341 individual patient admissions (age = 18 years) over the study period that
were assigned a Diagnostic Related Group and that had documented serum 25(OH)D
measurements between 7 and 365 d before hospitalisation. The Diagnostic Related Group is
a nationwide classification system used by hospitals in the USA to categorise the expected
resource utilisation for a specific medical case (e.g. heart failure exacerbation,
appendectomy). We then excluded five foreign patients without Social Security Numbers
since vital status in the present study was determined by the Social Security Administration
Death Master File, and 828 patients who had existinghistory of delirium or dementia, or a
diagnosis of delirium or dementia upon hospitalisation. Thefinal study cohort was therefore
composed of 4508 patients.

Exposure and outcome of interest

The exposure of interest was pre-admission serum 25(OH)D level obtained 7-365 d before
the date of hospitalisation. 25(OH)D levels were categorised a priori as<10, 10-19-9, 20-
29-9 and <30ng/ml. All cut points were adapted from the Endocrine Society clinical practice
guidelines(?6). Serum 25(OH)D in all cohort subjects was determined by RIA utilising the
DiaSorin Corporation 25-Hydroxyvitamin D 1251 RIAKit(27). Inter- and intra-assay CV were
both<10 %. The primary outcome of interest was the presence of HANOD. HANOD was
defined as the new presence of International Classification of Disease, 9th Revision, Clinical
Modification (ICD-9-CM) codes related to delirium: 290.11, 290.3, 290.41, 291.-9,292.81,
293.0 — 293.0 293.9, 300.11, 308.09, 780.02 or780.09 during hospitialisation.

Comorbidities

Data specific to age, sex and race for each patient was directly abstracted from the RPDR.
We utilised the ICD-9-CM coding algorithms, which are well studied and validated%:31), to
derive the Deyo—Charlson Index to assess the burden of chronic illness in our study
cohort(32), ‘Patient Type’ was defined as ‘Medical’ or ‘Surgical’ and incorporated the
Diagnostic Related Group methodology(33).Recent surgery data were obtained from
operating room schedule records and was defined as a surgical procedure performed in the
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operating room before delirium diagnosis. Intensive care unit admission was determined by
the assignment of Current Procedural Terminology code 99 291 (critical care, first 30-74
min) during hospitalisation. The use of Current Procedural Terminologycode 99 291 in this
manner has been previously validated in the RPDR database(2%). Chronic liver disease was
determined by ICD-9-CM codes 571.xx, 70.54 and 70.32 (34). Sepsis was defined by the
hospitalisation: 038.0-038.9; 020.0; 790.7; 117.9; 112.5 112.8(35), with exclusion of sepsis
occurring after a diagnosis of delirium. We have validated ICD-9-CM identification of
sepsis in the RPDR database(8). History of major depressive disorder was defined by the
presence of ICD-9-CM codes 296.2x or 296.3x before hospital admission(37). Antipsychotic
medication use was determined via pharmacy data of haloperidol, risperidone or olanzapine
prescriptions during hospitalisation, since these were the antipsychotic medications on the
hospital formularies over the study period.

Assessment of mortality

Information on vital status for the study cohort was obtained from the Social Security
Administration Death Master File, which has a reported sensitivity for mortality up to 92 %
and a specificity of . 99 %(38-41), Utilisation of the Death Master File allows for long-term
follow-up of patients after hospital discharge.

Power calculations and statistical analysis

Based on previous studies on HANOD susceptibility among hospitalised patients(?), we
assumed that delirium incidence would decrease from 10 % in patients with pre-hospital
25(0OH)D<20 ng/ml to 5 % in those with pre-hospital 25(OH)D = 20 ng/ml. With an a error
level of 5 % and a power of 80 %, the minimum sample size thus required for our primary
end point (HANOD) is 1242 total patients.

Categorical variables were described by frequency distributions, and compared across
25(OH)D groups using contingency tables and y2 testing. Continuous variables were
examined graphically (e.g. histogram and box plot) and in terms of summary statistics, i.e.
mean and standard deviation for normally distributed data or median and interquartile range
for nonparametric data, and then compared across exposure groups using one-way ANOVA.
The outcome considered was HANOD.

Unadjusted associations between 25(OH)D groups and HANOD were estimated by
bivariable logistic regression models. Adjusted OR were estimated by multivariable logistic
regression models, including a priori covariate terms considered to plausibly associate with
both 25(0H)D levels and HANOD(® to avoid unnecessarily adjusting for variables that do
not affect bias or the causal relationship between exposure and outcome(2). For the primary
model (HANOD), specification of each continuous covariate (as a linear v. categorical term)
was adjudicated by theempiric association with the primary outcome using Akaike’s
Information Criterion; overallmodel fit was assessed using the Hosmer—Lemeshow test.
Models for secondary analyses were specified identically to the primary model. Unadjusted
event rates were calculated with the useof the Kaplan—Meier methods and compared with
the use of the log-rank test. Locally weighted scatter plot smoothing*344) was used to
graphically represent the relationship between pre-hospital 25(OH)D level and the risk of
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HANOD. All P-values are two-tailed, with values , 0<0.05 considered statistically
significant. All analyses were performed using Stata 12.0MP statistical software (Stata
Corporation).

Most patients were female, white and had a medical-related Diagnostic Related Group
(Table 1). The mean age at hospital admission was 59 (SD 18) years. Approximately 4 % of
the cohort patients (n 198) met the criteria for HANOD. The mean 25(OH)D level was 22
(SD 13) ng/ml (to convert to nmol/l, multiply by 2-496). The 45 % of the 25(OH)D
measurements occurred in the 3 months before hospital admission.

Patient characteristics of the study cohort were stratified according to pre-admission
25(0OH)D levels (Table 2). Factors that significantly differed between stratified groups
included age,sex, race, patient type (medical v. surgical), Deyo—Charlson Index and vitamin
D supplementation use. 25(OH)D levels, age and Deyo—Charlson Index were found to be
significant predictors of HANOD (Table 3). In-hospital, 30-d and 90-d mortality rates were
3, 4 and 7 %, respectively.

Primary outcome

Low pre-admission vitamin D status was a strong predictor of HANOD after adjustment for
age, sex, race, Deyo—Charlson Index and patient type (Table 4). The adjusted odds of
HANOD in patients with 25(OH)D levels<10 ng/ml and in those with levels 10-19-9 ng/ml
were 2:2- and 1-5-fold higher than in patients with 25(OH)D levels =30 ng/ml,respectively
(Table 4). Additional individual adjustment for potential confounders such as recent surgery,
sepsis, history of major depression, antipsychotic drug medication use, leucocyte count or
calcium on admission, chronic liver disease, season of 25(OH)D draw, the timing of the
25(0OH)D draw relative to admission and intensive care unit admission did not materially
alter these point estimates (Table 5).

Secondary outcomes

To assess the discrimination of 25(OH)D for HANOD, we used receiver-operating
characteristic curve analysis and determined the AUC. Estimating the AUC showed that
25(0OH)D had poor discriminative power for HANOD: AUC = 0.57 (95 % CI 0.53, 0.61).
Locally weighted scatter plot smoothing plot (Fig. 1) showed a near inverse linear
association between 25(OH)D level and the risk of HANOD up to 25(OH)D levels near 30
ng/ml. Beyond 25(0OH)D of 40 ng/ml, thecurve appears flat.

In the study cohort (n 4508), the HANOD rate in patients with pre-hospital 25(OH)D , 10,
10-19-9, 20-29-9 or = 30 ng/ml was determined to be approximately 69, 46, 37 and 31 per
1000 inpatients, respectively; the overall incidence was determined to be forty-four per 1000
inpatients. Finally, HANOD is associated with all-cause mortality (Fig. 2). When HANOD
is considered as the exposure and all-cause mortality the outcome, HANOD is associated
with 90 d mortality: OR for 90-d mortality in patients with HANOD 3-26 (95 % ClI 227,
4.69) relative to those without HANOD adjusted for age, sex, race, patient type and Deyo—
Charlson Index. When further adjusted for 25(OH)D status, the OR for 90-d mortality in
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patients with HANOD is 3-12 (95 % CI 2-17, 4-50) relative to those without HANOD
adjusted for age, sex, race, patient type, Deyo—Charlson Index and 25(OH)D level.

Effect modification

Analyses based on fully adjusted models were performed to evaluate the 25(OH)D-HANOD
association, and P for interaction was determined to explore for any evidence of effect
modification. We individually tested for effect modification by creatinine, season of
25(0OH)D draw, time between 25(OH)D draw and hospital admission or hospital of care by
adding an interaction term to the multivariate models. None of these variables emerged as an
effect modifier of the association between 25(OH)D and HANOD (P for interaction:
HANOD . 0-20 for all variables tested).

Discussion

In the present study, we investigated whether vitamin D status before hospitalisation was
associated with the risk of HANOD. We demonstrated that pre-hospital 25(OH)D < 10
ng/ml is indeed associated with a significant increase in the odds of delirium in patients
during hospitalisation. While others have reported that vitamin D status may play an
important protectiverole against various neuropsychiatric disorders(11-15), the present study
presents important evidence to suggest that vitamin D supplementation may provide a novel
approach to lowering HANOD risk. However, due to the observational nature of the present
study, causal inference of the relationship between vitamin D status and delirium is limited.

The observed association between 25(OH)D and HANOD is biologically plausible. Purkinje
cells as well as other neurons in the cerebral cortex and hippocampus (the primary cognitive
centres in the human brain) express the vitamin D receptors(13). Binding of the 25(OH)D-
vitamin D receptor complex to the nuclear vitamin D response element induces the synthesis
of 1-a-hydroxylase®), which is critical for the paracrine conversion of 25(OH)D to 1,25-
dihydroxyvitamin D. As the most biologically active vitamin D metabolite in the central
nervous system, 1,25-dihydroxyvitamin D upregulates hippocampal expression of
neurotrophins(46). Neurotrophins are a family of proteins that are critical for regulating the
survival, differentiation and maintenance of nerve cells#?). Brain-derived neurotrophic
factor and nerve growth factor, two key members of the neurotrophin family, have both been
shown to be directly associated with delirium following acute stress®8:49). In addition,
vitamin D may contribute to neuro protection by modulating the production of glial cell-
derived neurotrophic factor, NO synthase and choline acetyl transfer ase(3). Since it is
evident that derangements in the cognitive pathways of the brain predispose patients to
HANOD, and that vitamin D status is essential for both optimal nerve function and recovery
following stress, the present findings raise a number of questions that merit further
investigation.

The present study is not without potential limitations. Cohort studies may not provide the
highest level of clinical evidence, but may direct future research by illustrating the existence
or absence of a true effect®%). Observational studies may also be limited by confounding,
reverse causation and/or the lack of a randomly distributed exposure. Since the patient
cohort under the study had vitamin D status measurements related to an unknown reason
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(e.g. work-up for malnutrition, comprehensive immunological work-ups and monitoring for
endocrine disorders), which may be absent in other hospitalised patients, ascertainment bias
may exist in the present study. These differences may decrease the generalisability of the
present results to all hospitalised patients. Despite adjustment for multiple potential
confounders, there may still be residual confounding that contributed to the observed
differences in outcomes. Specifically, low 25(OH)D levels may be a marker for the general
condition of patients (i.e. the combined effect of nutritional status, functional mobility and
chronic systemic diseases), for which we are unable to fully adjust.

A further potential limitation is related to the fact that we utilised 25(OH)D measurements
between 7 and 365 d before hospitalisation as a reflection of pre-hospital vitamin D status.
Others have shown that the intra-person Pearson correlation coefficient for 25(OH)D in
outpatients following adjustments for age, race and season is 0-70 at 3 years between blood
draws®®1). In our cohort, there was no interaction of the 25(OH)D-HANOD association
withregard to when 25(OH)D was obtained. Despite this observation, vitamin D status at the
time of hospitalisation may be different than when prehospital values were drawn. Indeed,
inflammatory changes, intravenous fluid administration and renal wasting may significantly
contribute to rapid drops (approximately 30-40 %) in circulating 25(OH)D levels during
acute stress(>2). And although sunlight exposure, nutritional status (beyond the use of BMI),
frailty/functional status and alcohol consumption are all potentially important confounders
that may affect the 25(OH)D-HANOD relationship, given the limitations of our present
electronicdatabase, we are unable to adjust for these covariates. These issues will need to be
addressed byother groups as they try to replicate and extend our finding.

The present study has several strengths. We have sufficient statistical power to detect a
clinically relevant difference in HANOD. We were able to control for several well-known
risk factors for HANOD such as age, sex, recent surgery, use of antipsychotic medications,
serious infections and a history of major depression. In addition, the Deyo—Charlson Index
allowed us toaccount for chronic medical comorbidities. Moreover, by our design of
measuring vitamin D status before hospitalisation, we attempted to uncouple the influence of
illness and inflammation on 25(OH)D levels; we did not include 25(OH)D levels drawn in
the 7 d before hospitalisation to avoid any potential alterations of vitamin D status related to
acute illness or inflammation.

Conclusion

In conclusion, the present results suggest that pre-hospital vitamin D status may be a
modifiable risk factor for HANOD. We hypothesise that serum 25(OH)D levels are
associated with optimal expression of endogenous proteins involved with the maintenance of
neuronal health in the areasof the central nervous system responsible for cognition. In turn,
this may attenuate the effect of acute stressors that may increase the risk of HANOD.
Prospective studies are needed to validateour findings, to assess the potential benefit of
optimising pre-hospital 25(OH)D levels, and to identify the mechanism by which vitamin D
may confer protection against neuropsychiatric disorderssuch as HANOD.
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Fig. 1.
Vitamin D status v. the risk of hospital-acquired new-onset delirium. Locally weighted

scatter plot smoothing utilised to represent the near inverse linear association between pre-
hospital 25-hydroxyvitamin D (25(OH)D) level and the risk of hospital-acquired new-onset
delirium(HANOD). Plot constructed with data from inpatients (n 4508) with pre-hospital
vitamin D status excluding patients with existing history of delirium or dementia, and those
with the diagnosis of delirium or dementia on admission.
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Time-to-event curves for the secondary end point (mortality). Unadjusted event rates were
calculated with the use of Kaplan—Meier methods and compared with the use of the log-rank
test. The global comparison log rank P value is, 0-0001 (n 4508).HANOD, hospital-
acquired new-onset delirium. Vitamin D status and new-onset delirium.
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Baseline demographic characteristics of the study population (Number of subjects and percentages; mean
values and standard deviations)

Non-
HANOD HANOD Total
n % n % n %

Total number of cases 4309 199 4508
Age (years)

Mean 59 67 59

SD 18 18 18
Sex

Female 2836 66 125 63 2961 66

Male 1473 34 74 37 1547 34
Race

White 3606 84 168 84 3774 84

Non-white 703 16 31 16 734 16
Patient type

Medical 2517 58 138 69 2655 59

Surgical 1792 42 61 31 1853 41
Deyo—Charlson Index

0-3 1969 46 48 24 2017 45

4-6 1103 26 62 31 1165 26

27 1237 29 89 45 1326 29
Recent surgery 150 4 9 5 159 4
Psychiatric primary 62 1.4 3 15 65 1.4

diagnosis
Antipsychotic medications 174 4 72 36 246 5
Major depressive 134 3 14 7 148 3

disorder history
25(0OH)D (ng/ml)

Mean 22 19 22

SD 13 11 13
Season of 25(OH)D draw

Autumn 925 21 57 29 982 22

Spring 1096 25 38 19 1134 25

Summer 1035 24 61 31 109 24

Winter 1253 29 43 22 1296 29
Vitamln D supplemental 501 12 36 18 537 12

use
90 d mortality 284 7 47 24 331 7

HANOD, hospital-acquired new-onset delirium; 25(OH)D, 25-hydroxyvitamin D.

*
Vitamin D supplemental use refers to vitamin D supplementation in the year before hospitalisation.
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Patient characteristics by pre-hospital vitamin D status (Number of subjects and percentages; mean values and

standard deviations)

Pre-hospital 25(0OH)D

10-199 20-299
<10 ng/ml ng/ml ng/ml =30 ng/ml
n % n % n % n % P
Number of cases 742 1542 1342 882
Age (years) 0012t
Mean 59 58 60 61
SD 18 18 18 18
Sex 0-001
Female 472 64 980 64 879 66 630 71
Male 270 36 562 36 463 35 252 29
Race < 0-001
White 567 76 1248 81 1161 87 798 90
Non-white 175 24 294 19 181 13 84 10
Patient type <0-001
Medical 511 69 909 59 759 57 476 54
Surgical 231 31 633 41 583 43 406 46
Deyo—Charlson Index <0-001
0-3 250 34 683 44 660 49 424 48
4-6 202 27 415 27 325 24 223 25
=7 290 39 444 29 357 27 235 27
Chronic liver disease 182 25 403 26 324 24 184 21 0-036
Psychiatric primary diagnosis 11 2 24 2 19 1 11 1 0-85
Major depressive disorder history 25 3 51 3 53 4 19 2 0-14
Antipsychotic medications 47 6 87 6 73 5 39 4 0-39
Vitamin D supplemental uset 126 17 194 13 121 9 96 11 <0:001
Sepsis 59 8 7 5 57 4 26 3 <0.001
Bloodstream infection$ 38 17 65 17 39 13 29 14 0-38
Leucocytes (><1O3/ul)// 0-061
0-39 36 5 44 3 37 3 25 3
4.0-9-9 354 48 705 46 649 48 432 49
>10 352 47 793 51 656 49 425 48
Creatinine (>133 pmol/l) 261 35 350 23 256 19 152 17 <0001
ICU admission 63 8 105 7 107 8 69 8 0-47
HANOD 51 7 71 5 50 4 27 3 0-001
90 d mortality 78 11 133 9 76 6 44 5 <0.001

25(0H)D, 25-hydroxyvitamin D; ICU, intensive care unit; HANOD, hospital-acquired new-onset delirium.

*
P values were determined by Kruskal-Wallis test.
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TP value determined by ;(2 test.

¢Vitamin D supplemental use refers to vitamin D supplementation in the year before hospitalisation.

§1116 patients with blood cultures drawn.

1,

Leucocyte count measured at hospital admission.
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Table 3

Multivariable-adjusted associations between covariates and hospital-acquired new-onset delirium (HANOD)"
(Odds ratios and 95% confidence intervals)

OR 95% ClI P
Age (per 1 year) 1.02 1.01,1.03 <0-001
Sex 0-55
Female 1.00 Reference
Male 1.10 0-81,1.48
Race 0-60
Non-white 1.00 Reference
White 0-90 060,134
Patient type
Medical 1.00 Reference  0-13
Surgical 061 0.32,1.15
Deyo—Charlson Index
0-3 1.00 Reference
4-6 177 119,262 0:005
27 212 146,309 <0-001
Pre-hospital 25(OH)D (ng/ml)
<10 2:15 1.32,350 0-002
10-19-9 1.54 098,243 0:063
20-29-9 123 076,199 039
230 1.00 Reference

25(0OH)D, 25-hydroxyvitamin D.

*
Adjusted OR were estimated by a multivariable logistic regression model with inclusion of covariate terms considered to plausibly associate with
vitamin D status and HANOD. Estimates for each variable are adjusted for all other variables in the table.
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Unadjusted and adjusted associations between pre-hospital vitamin D status and hospital-acquired new-onset
delirium (HANOD)” (Odds ratios and 95% confidence intervals, n 4508)

Pre-hospital 25(0OH)D

<10 ng/ml  10-199 ng/ml  20-299 ng/ml =30 ng/ml
Unadjusted
OR 2:34 1.53 1.23 1.00
95% CI 1.45,3.77 0-97, 2:40 0-76, 1.97 Referent
P <0-001 0-065 0-40
Adjusted
OR 2:15 1.54 1.23 1.00
95% ClI 1.32, 3:50 0-98, 2:43 0-76, 1.99 Referent
P 0-002 0-063 0-39

25(0OH)D, 25-hydroxyvitamin D.

*

Unadjusted associations between 25(0OH)D groups and HANOD were estimated by bivariable logistic regression models. Adjusted OR were
estimated by multi-variable logistic regression models with inclusion of covariate terms considered to plausibly associate with both 25(OH)D
concentrations and HANOD. Estimates adjusted for age, sex, race (non-white v. white), patient type (medical v. surgical) and Deyo—Charlson

Index.
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Table 5

Adjusted associations between pre-hospital vitamin D status and hospital-acquired new-onset delirium
(HANOD)" (Odds ratios and 95 % confidence intervals, n 4508)

Pre-hospital 25(OH)D

<10 ng/ml  10-199 ng/ml  20-299 ng/ml =30 ng/ml

Adjusted+recent surgery

OR 2:13 1.51 121 1.00
95% ClI 130, 3:48 0-96, 2-39 0-75, 1-96 Referent
P 0-003 0-078 0-44

Adjusted+sepsis

OR 2:04 1.51 121 1.00
95% ClI 125,333 0-96, 2-39 0-75, 1-96 Referent
P 0-004 0-076 0-43

Adjusted+ depression

OR 2:14 1.53 1.20 1.00
95% ClI 1.32,3:48 0.97, 2-42 0-74,1.94 Referent
P 0-002 0-067 0-45

Adjusted+ antipsychotics

OR 2:01 1.45 1.15 1.00
95% ClI 121,335 0-91, 2-33 0-70, 1-90 Referent
P 0-007 0-12 0-57

Adjusted+leucocyte count

OR 2:15 1.52 1.23 1.00
95% ClI 1.32, 349 0-97, 2:41 0-76, 1.99 Referent
P 0-002 0-069 0-40

Adjusted+Ca
OR 2:15 1.55 1.24 1.00
95% ClI 1.33, 3:50 0-98, 2:44 0.77,2:01 Referent
P 0-002 0-061 0-38

Adjusted+liver disease

OR 2:16 1.54 1.23 1.00
95% ClI 1.33, 351 0-98, 2:43 076, 1.99 Referent
P 0-002 0-063 0-39

Adjusted+season

of 25(OH)D draw

OR 2:14 1.51 121 1.00
95% ClI 1.30, 3-49 096, 2:40 0-75, 1-96 Referent
P 0-003 0-076 0-43

Adjusted+timing of 25(OH)D draw
OR 2:09 1.52 1.23 1.00
95% ClI 1.28, 3:41 0-97, 2:40 0-76, 1-99 Referent
P 0-003 0-071 039
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Pre-hospital 25(OH)D

<10 ng/ml 10-199 ng/ml  20-299 ng/ml

230 ng/ml

Adjusted+ICU admission

OR 2:22 1.61 1.23
95% ClI 136, 3:62 1.01, 2:55 0-76, 2:00
P 0-001 0-043 0-40

1.00

Referent

25(0H)D, 25-hydroxyvitamin D; ICU, intensive care unit.

*
Adjusted associations between 25(OH)D groups and HANOD were estimated by multivariable logistic regression models with the inclusion of
covariate terms considered to plausibly associate with both 25(0OH)D concentrations and HANOD. Adjusted estimates adjusted for age, sex, race

(non-white v. white), patient type (medical v. surgical) and Deyo-Charlson index.
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