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Context: Recent studies in critically ill populations have suggested both adrenal insufficiency (AI)
and vitamin D deficiency to be associated with worse clinical outcome. There are multiple mechanisms through which these pleiotropic hormones might synergistically influence critical illness.
Objective: The aim of the study was to investigate potential relationships between vitamin D status,
adrenal status, and cardiovascular dysfunction in critically ill children.
Design: We conducted a secondary analysis of data from a prospective cohort study.
Setting and Patients: The study was conducted on 319 children admitted to 6 Canadian tertiarycare pediatric intensive care units.
Main Outcome Measures: Vitamin D status was determined through total 25-hydroxyvitamin D
(25OHD) levels. AI was defined as a cortisol increment under 9 g/dL after low-dose cosyntropin.
Clinically significant cardiovascular dysfunction was defined as catecholamine requirement during
pediatric intensive care unit admission.
Results: Using 3 different thresholds to define vitamin D deficiency, no association was found
between vitamin D status and AI. Furthermore, linear regression failed to identify a relationship
between 25OHD and baseline or post-cosyntropin cortisol. However, the association between AI
and cardiovascular dysfunction was influenced by vitamin D status; compared to children with
25OHD above 30 nmol/L, AI in the vitamin D-deficient group was associated with significantly
higher odds of catecholamine use (odds ratio, 5.29 vs 1.63; P ⫽ .046).
Conclusions: We did not find evidence of a direct association between vitamin D status and critical
illness-related AI. However, our results do suggest that vitamin D deficiency exacerbates the effect of
AI on cardiovascular stability in critically ill children. (J Clin Endocrinol Metab 98: E877–E881, 2013)

ecent epidemiological and biochemical studies have
suggested vitamin D deficiency and adrenal insufficiency (AI) to be risk factors for illness severity and out-

R

comes in critical illness (1– 4). Although the mechanisms
for these associations remain speculative, it is plausible
that they are interrelated or partially dependent on each

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2013 by The Endocrine Society
Received January 14, 2013. Accepted March 15, 2013.
First Published Online April 1, 2013

Abbreviations: AI, adrenal insufficiency; CI, confidence interval; 1,25OH2D, 1,25-dihydroxyvitamin D; 25OHD, 25-hydroxyvitamin D; OR, odds ratio; PICU, pediatric intensive
care unit.

doi: 10.1210/jc.2013-1126

J Clin Endocrinol Metab, May 2013, 98(5):E877–E881

Downloaded from https://academic.oup.com/jcem/article-abstract/98/5/E877/2537173
by guest
on 21 March 2018

jcem.endojournals.org

E877

E878

McNally et al

Adrenal and Vitamin D Status in PICU

other. Vitamin D deficiency is thought to negatively impact the cardiovascular, respiratory, and immune systems
directly through cellular vitamin D receptors (5). Similarly, critical illness-related AI is thought to contribute to
cardiorespiratory instability through decreased myocardial contractility, impaired vascular tone, cytokine production, and amplified capillary leak (6, 7). Based on this
overlap in clinical symptomatology, we hypothesized an
interrelationship between vitamin D status, AI, and cardiovascular instability in critical illness.
Members of our research group recently completed the
Adrenal Insufficiency in Pediatric Critical Illness Study
(AIP) (6). Biological samples collected as part of this multicenter prospective observational study have been used to
separately report on the epidemiology of AI and vitamin D
deficiency in critically ill children (1, 6). The primary objective of this substudy was to investigate the potential
association between AI and vitamin D status. Secondarily,
we evaluated for mediation and effect modification between vitamin D status and AI in their previously described relationships with cardiovascular dysfunction.

Patients and Methods
This study represents a secondary analysis of data and samples
collected as part of AIP (6). Patients were eligible if they were
newborn to 17 years old, had arterial or central venous catheters,
and could be enrolled within 24 hours of admission. AIP excluded patients who were born prematurely; had known or suspected adrenal, pituitary, or hypothalamic disease; received systemic steroids for more than 10 days in the previous month;
received more than 1 systemic steroid dose within 24 hours of
admission (except dexamethasone); expected to have care withdrawn; transferred from another pediatric intensive care unit
(PICU); or whose primary clinician refused. Written informed
consent was obtained for all AIP participants, and Research Ethics Board approval to measure 25-hydroxyvitamin D (25OHD)
was obtained from 6 of the 7 centers (337 of 389 AIP
participants).
All study participants had baseline blood collected within 24
hours of PICU admission. Immediately after baseline blood
work, 1 g cosyntropin (Cortrosyn; Amphastar Pharmaceuticals, Scarborough, Ontario, Canada) was given iv, and blood
was resampled at 30 minutes. Plasma cortisol levels were measured using the Elecsys assay (Roche Diagnostics, Indianapolis,
Indiana). Total 25OHD was measured using liquid chromatography–mass spectrometry (1).
For this study, AI was defined as a cortisol increment under
9 g/dL after cosyntropin. Baseline cortisol under 5 g/dL was
also explored because it is commonly used in the clinical setting
to determine adrenal status (8). Vitamin D status was evaluated
using plasma 25OHD; multiple thresholds were used to define
deficiency (30, 40, and 50 nmol/L). For descriptive statistics,
continuous variables were provided as medians with interquartile ranges, and categorical variables frequencies were presented
with 95% confidence intervals (CIs). Associations between catDownloaded from https://academic.oup.com/jcem/article-abstract/98/5/E877/2537173
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egorical variables were investigated using 2 and Fisher exact
tests. Binary logistic and multiple linear regression were further
used to investigate relationships between vitamin D status, AI,
and cardiovascular dysfunction. Infusions of catecholamine (dopamine, epinephrine, norepinephrine) identified clinically significant cardiovascular dysfunction. The Pediatric Risk of Mortality (PRISM) score was used to quantify illness severity (1, 6).
Potential mediation of the previously described relationship between vitamin D status and cardiovascular dysfunction by AI
was evaluated through multivariate regression. Effect modification was explored using interaction terms in logistic regression.
A P value ⬍ .05 was considered statistically significant. SAS
software (version 9.3; SAS Institute Inc, Cary, North Carolina)
was used for statistical analysis, and Sigmaplot (version 12.3;
Systat Software Inc, Chicago, Illinois) was used for graph
preparation.

Results
Of the 337 potential study participants, 319 had concurrent cortisol and 25OHD measurements. Supplemental
Table 1 (published on The Endocrine Society’s Journals
Online web site at http://jcem.endojournals.org) provides
information on demographics, admission type, season,
and illness severity measures (including catecholamine requirements). The cohort median 25OHD was 40.3 nmol/L
(interquartile range, 29.1 to 54.1). Only 25 (7.8%) participants had 25OHD values above 75 nmol/L, and the
highest were 93, 98, and 104 nmol/L. Of the 319 study
participants, 90 (28.2%) met our AI definition, and 43
(13.5%) were determined to have a baseline cortisol under
5 g/dL. Eighty-seven (27.3%) met the definition for cardiovascular instability, requiring at least 1 catecholamine
infusion.
No significant difference was observed in median
25OHD levels for critically ill children with and without
AI (39.5 vs 40.5 nmol/L; P ⫽ .33). Table 1 compares the
rates of AI by vitamin D status using the three 25OHD
thresholds. A nonsignificant trend toward higher rates of
AI was observed for children with 25OHD under 30
nmol/L (35.4 vs 25.7%; P ⫽ .10). As shown in Supplemental Table 2, rates of baseline cortisol under 5 g/dL did
not coincide with higher vitamin D deficiency rates, regardless of definition. In fact, using the 50 nmol/L threshold, vitamin D-deficient children had a significantly lower
odds ratio (OR, 0.42; 95% CI, 0.22 to 0.81) of baseline
cortisol under 5 g/dL. Visual examination for a linear
relationship through scatter plots (Supplemental Figure 1)
and regression analysis did not identify significant relationships between vitamin D and baseline or post-cosyntropin cortisol. For every 10 nmol/L decrease in 25OHD,
we calculated: 1) decrease in cortisol increment by 0.4
g/dL (95% CI, ⫺0.4 to 1.3); 2) increase in baseline cortisol by 1.9 g/dL (95% CI, ⫺1.1 to 5.1); and 3) decrease
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Evaluation of AI Rates by Vitamin D Status
Vitamin D Deficient

Vitamin D Sufficient

25OHD
threshold

AI

No AI

AI

No AI

OR (95% CI)

30 nmol/L
40 nmol/L
50 nmol/L

35.4% (29)
29.5% (46)
29.5% (65)

64.6% (53)
70.5% (110)
70.3% (154)

25.7% (61)
27.0% (44)
25.0% (25)

74.3% (176)
73.0% (119)
75.0% (75)

1.58 (0.92, 2.70)
1.13 (0.69, 1.84)
1.27 (0.74, 2.17)

AI is defined as a post-cosyntropin cortisol increment under 9 g/dL. Data are expressed as percentages (counts). P values and ORs were calculated
using 2 tests in SAS. For 25OHD, every 1 ng/mL is equivalent to 2.5 nmol/L.

in post-cosyntropin peak cortisol by ⫺1.5 g/dL (95% CI,
⫺4.3 to 1.3).
Multivariate logistic regression was used to explore
whether AI might be a mediator in the previously described relationship between vitamin D status and cardiovascular dysfunction. Supplemental Tables 3 and 4 show
the OR change for different definitions of vitamin D status
with the AI variable. The largest OR change was 6%, and
it occurred with the addition of AI to the model using the
30 nmol/L threshold for vitamin D deficiency. Regardless,
both vitamin D status (OR, 2.15; 95% CI, 1.25 to 3.72)
and AI (OR, 2.38; 95% CI, 1.40 to 4.05) remained statistically associated with catecholamine administration.
The inclusion of a vitamin D and AI variable interaction
term in logistic regression suggested that the association
between AI and catecholamine use was stronger in the
presence of vitamin D deficiency. This was observed for all
3 vitamin D deficiency thresholds, yet the difference only
achieved significance using the 30 nmol/L cutoff (Table 2).
Compared to children with 25OHD above 30 nmol/L, AI
in the vitamin D-deficient group was associated with a
significantly higher OR of catecholamine use (5.29 vs
1.63; P ⫽ .046).

Discussion
Through a secondary analysis of data from a large prospective cohort study, we evaluated the relationship be-

tween vitamin D status, AI, and cardiovascular dysfunction in critical illness and observed that vitamin D status
modifies the strength of association between AI and cardiovascular dysfunction.
Our hypothesis of an association between vitamin D
status, impaired adrenal-glucocorticoid function, and critical illness was based upon the overlap of clinical phenotype observed in these conditions. In patients with AI,
disturbance of the hypothalamic-pituitary axis and inadequate cortisol production can lead to hemodynamic
instability through decreased myocardial contractility, vasodilation, augmented cytokine production, and amplified capillary leak syndrome (6, 7). Likewise, cardiovascular and immune system dysfunction is suggested to be
the primary noncalcemic mechanism for vitamin D deficiency-associated pathophysiology in critical illness (1, 5).
Furthermore, other endocrine organs have hormone production influenced by vitamin D status (9, 10). For example, pancreatic cells have vitamin D receptors, and insulin
secretion has been shown to vary with vitamin D status.
With this report, we provide evidence that the strength
of relationship between AI and cardiovascular dysfunction is amplified by vitamin D deficiency, particularly
25OHD levels below 30 nmol/L. This finding is in agreement with the Institute of Medicine conclusion that 30
nmol/L is the appropriate threshold for defining increased
risk of vitamin D deficiency (11). Biochemical studies have
also demonstrated that boosted parathyroid and renal ac-

Table 2. Requirement for Catecholamine Infusion by Adrenal Status in Critically Ill Children With and Without
Vitamin D Deficiency

Vitamin D sufficient
Catecholamines, no
Catecholamines, yes
Vitamin D deficient
Catecholamines, no
Catecholamines, yes

No AI

AI

OR
(95% CI)

79.6% (140)
20.4% (36)

66.7% (43)
33.3% (18)

1.6 (0.8, 3.2)

73.6% (39)
26.4% (14)

34.5% (10)
65.5% (19)

5.3 (2.0, 14.1)

P
value

.046

Vitamin D status is defined using a 25OHD threshold of 30 nmol/L. Data are expressed as percentages (counts). ORs represent risk associated with
catecholamine use for adrenally insufficient patients in each vitamin D group. ORs are provided with 95% CIs. P values were calculated from
change in likelihood ratio statistic after inclusion of an interaction term into the logistic regression model. P values and ORs were calculated using
2 tests in SAS. For 25OHD, every 1 ng/mL is equivalent to 2.5 nmol/L.
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tivity cannot maintain 1,25-dihydroxyvitamin D
(1,25OH2D) production once 25OHD falls below 30
nmol/L (12). The plausibility of this previously unreported
interaction is supported by limited literature describing
vitamin D status modification of specific genetic polymorphisms and nutritional states on disease predisposition (13, 14). Furthermore, research also suggests that
vitamin D may mediate positive and negative glucocorticoid effects on both cardiovascular and respiratory
disease (15, 16).
This study also evaluated an association between AI
and vitamin D status. Using multiple statistical techniques
and different definitions, we were unable to find evidence
of higher AI rates in vitamin D deficiency. The lack of
change in strength of association between vitamin D status
and catecholamine requirement with adjustment for AI
suggests that the negative effects of vitamin D are not mediated through adrenal glucocorticoid dysfunction. These
findings are consistent with the very limited literature in
this area, including a clinical study reporting unchanged
cortisol levels after 1,25OH2D administration to healthy
volunteers and laboratory research showing few vitamin
D receptors in the adrenal cortex (17, 18). Surprisingly,
application of the alternative measure of adrenal status
identified significantly lower rates of baseline cortisol ⬍ 5
g/dL among the vitamin D-deficient groups. The reason
for this association is unclear, but it may reflect that random cortisol values do not correlate with worse clinical
outcomes in critical illness (6, 19).
The major strength of this study is that the data were
collected as part of a large prospective, multicenter study
with assay and repeat sample validation. Importantly, exclusion of patients receiving significant steroids avoided
confusion resulting from suppression of endogenous cortisol. The primary limitations relate to alternatives for
measuring and defining both AI and vitamin D deficiency.
For AI, we did not measure free cortisol, and our focus on
cortisol precludes comment on hormones released by the
vitamin D receptor-rich adrenal cortex (17, 20). Similarly,
for vitamin D, one could speculate that plasma 25OHD is
not a representative measure of vitamin D status in critical
illness. First, significant dysfunction of the parathyroid or
kidney organs can impair the endocrine production of active 1,25OH2D hormone despite normal 25OHD concentrations. Second, tissue uptake of 25OHD and local tissue
production of active hormone could be impaired by inflammation, hypoxia, toxin accumulation, or altered intracellular signaling. Finally, one must consider the existence of a relative vitamin D deficiency state, where
accepted normal levels of 25OHD and 1,25OH2D in
health do not meet body requirements during critical
illness.
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In conclusion, despite similar clinical phenotypes and
high prevalence among critically ill children, we were unable to find evidence of a relationship between vitamin D
status and critical illness-related AI. However, we do provide hypothesis-generating evidence that vitamin D deficiency may augment the effect of AI on cardiovascular
function. Because the described relationships with critical
illness and interactions were derived from observational
data they cannot definitively prove a thesis. Controlled
trials will be required to test the hypothesis that optimization of vitamin D status before or after critical illness
influences the positive and negative effects of AI (or glucocorticoid administration) during critical illness and improves outcome.
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