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Context: Inadequate vitamin D status is common within elderly populations and may be implicated
in the etiology of autoimmune disease and inflammation. Few studies have investigated the re-
lationship between vitamin D status and age-related immune dysfunction in humans.

Objective: The aim of this study was to investigate the association between vitamin D status and
immune markers of inflammation in a large sample of older adults.

Design, Setting, and Participants: An observational investigation of 957 Irish adults (�60 years of
age) recruited in Northern Ireland (55°N latitude) as part of the Trinity Ulster Department of
Agriculture aging cohort study.

Main Outcome Measure: We measured serum 25-hydroxyvitamin D (25(OH)D) by liquid chroma-
tography tandem mass spectrometry and serum cytokines IL-6, TNF-�, IL-10, and C-reactive protein
(CRP) by ELISA.

Results: Concentrations of IL-6, CRP, and the ratios of IL-6 to IL-10 and CRP to IL-10 were significantly
higher in individuals with deficient (�25 nmol/L) serum 25(OH)D compared with those with suf-
ficient (�75 nmol/L) status after adjustment for age, sex, and body mass index (P � .05). Vitamin
D status was a significant predictor of the IL-6 to IL-10 cytokine ratio, and those participants defined
as deficient were significantly more likely to have an IL-6 to IL-10 ratio �2:1 compared with those
defined as sufficient.

Conclusions: This study demonstrated significant associations between low vitamin D status and
markers of inflammation (including the ratio of IL-6 to IL-10) within elderly adults. These findings
suggest that an adequate vitamin D status may be required for optimal immune function, partic-
ularly within the older adult population. (J Clin Endocrinol Metab 99: 1807–1815, 2014)

Vitamin D is traditionally viewed as a key modulator of
bone metabolism via its classical role in calcium reg-

ulation, but recent evidence suggests a more diverse role of
the vitamin, including effects on immune regulation (1, 2).
The primary source of vitamin D is endogenous synthesis
after skin exposure to UVB sunlight (2). Synthesis is fol-
lowed by a 2-step hydroxylation process, first in the liver

to 25-hydroxyvitamin D (25(OH)D) and then in the kid-
ney to the active metabolite 1,25-dihydroxyvitamin D
(1,25(OH)D), which exerts its influence via the vitamin D
receptor (2).Expressionof thevitaminDreceptorhasbeen
identified on a variety of cells of the immune system in-
cluding macrophages, T lymphocytes, dendritic cells. and
monocytes (3). Furthermore, 1,25(OH)D has been ob-
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served to be an influential immune modulator of both the
adaptive and innate immune system through its ability to
alter cytokine secretion (4, 5) and to act as a regulator of
cell signaling pathways via its effect on toll-like receptor
expression and function (4, 6).

Owing to its importance in immune regulation, ensur-
ing sufficient vitamin D status in humans may help to
optimize immune function; yet over 1 billion individuals
worldwide are estimated to have deficient vitamin D status
(7, 8). This inadequacy of vitamin D is a consequence of
few rich dietary sources being available on the one hand
and poor endogenous synthesis of vitamin D at latitudes
with low sunshine exposure on the other (6). Insufficient
vitamin D status may lead to impaired immune function
with an increased vulnerability to a proinflammatory state
(9). For example, the seasonal occurrence of upper respi-
ratory tract infections and influenza has been associated
with the nadir of vitamin D status in many far latitude
countries (10). Furthermore, an increased incidence of au-
toimmune disorders has been reported in regions with low
levels of UV radiation leading to suggestions that the re-
duced ability to synthesize sc vitamin D may be a contrib-
uting factor in this association (9, 11).

Numerous in vitro studies have reported that vitamin D
can significantly decrease concentrations of the inflam-
matory cytokines TNF-� and IL-6 and increase secretion
of the anti-inflammatory cytokine IL-10 (12). Evidence
from both in vitro and in vivo studies suggests that vitamin
D shifts the immune response from a T-helper cell 1
(TH-1) (inflammatory) to a TH-2 (anti-inflammatory)
profile (13, 14). However, both observational and vitamin
D intervention studies in humans have reported conflict-
ing results, with some reporting decreased concentrations
of inflammatory cytokines (15–18), whereas others have
observed no effect (19–23).

Older adults are at an increased risk of both insufficient
and deficient vitamin D status (2, 7, 8). Few studies, how-
ever, have fully investigated the association of vitamin D
status with immune markers of inflammation within an
exclusively elderly population cohort. Therefore, the aim
of this study was to investigate the association between
vitamin D status and immune markers of inflammation in
a sample of well-characterized elderly adults.

Subjects and Methods

This observational investigation was conducted as part of the
Trinity Ulster Department of Agriculture (TUDA) aging cohort
study, a large observational study of elderly Irish adults. The
TUDA study was designed to investigate nutritional factors and
gene-nutrient interactions in the development of chronic diseases
of aging in noninstitutionalized adults �60 years of age. TUDA

study participants were recruited either from hospital clinics or
the community as 3 subcohorts to focus on osteoporosis, cog-
nitive dysfunction, or hypertension. The participants reported in
this analysis were recruited between 2009 and 2011 from general
practitioner practices in the Western and Northern Health and
Social Care Trusts, Northern Ireland, to the hypertensive sub-
cohort (ie, on the basis of a diagnosis of hypertension at the time
of recruitment). Apart from having a diagnosis of hypertension,
this subcohort was considered generally healthy; all participants
were living independently and were recruited in the community,
although relevant medical details and drug use were recorded as
for all TUDA study participants. Of the 2000 volunteers re-
cruited into the hypertensive cohort, samples from 998 partici-
pants were randomly selected for this study by an independent
researcher and stratified by age, sex, and season: winter (De-
cember through February), spring (March through May), sum-
mer (June through August), and autumn (September through
November) (Figure 1). Exclusion criteria included those not born
in or who had at least 1 parent not born on the Island of Ireland
or those previously diagnosed with dementia. Subjects were also
excluded if they were receiving glucocorticoid treatment or cy-
tokine modulator treatment (including abatacept, adalimumab,
anakinra, belimumab, certolizumab pegol, etanercept, goli-
mumab, infliximab, rituximab, and tocilizumab); 41 partici-
pants were identified as receiving glucocorticoid, and none were
receiving cytokine modulator treatment. For the data analysis,
957 subjects were available. The study was conducted according
to the guidelines laid down in the Declaration of Helsinki, and
ethical approval was granted by the Office for Research Ethics
Northern Ireland (ORECNI Ref. 08/NIR03/113). All partici-
pants provided written informed consent.

Clinical parameters

Lifestyle and anthropometric information
Data associated with lifestyle factors were obtained by ques-

tionnaire and included sex, age, ethnicity, and medical history.
Anthropometric measurements included height to the nearest
0.01 m (using a wall-mounted stadiometer from Seca Ltd),
weight to the nearest 0.01 kg (using electronic scales from Brosch
Direct Ltd), and waist and hip circumference to the nearest 0.1
cm (using a flexible tape measure from Seca Ltd). Body mass
index (BMI) was calculated as weight (kilograms) divided by
height (meters) squared.

Biochemical analysis
A nonfasting blood sample (50 mL) was collected by veni-

puncture into an evacuated clotting tube (Sarstedt) by a trained
phlebotomist. Samples were kept chilled and centrifuged (3000
rpm for 15 minutes) within 3 hours of collection. Serum aliquots
were labeled and stored at �80°C until required for analysis.
Stored samples were accessed for vitamin D analysis, and total
serum 25(OH)D (D2 � D3) concentrations were quantified by a
fully validated method (Chromsystems Instruments and Chem-
icals GmbH; MassChrom 25-OH-Vitamin D3/D2, catalog item
62000) using liquid chromatography-tandem mass spectrome-
try (API 4000; AB SCIEX) and batch analyzed in the Biochem-
istry Department of St James’s Hospital, Dublin, Ireland. The
quality and accuracy of the method was continuously monitored
using internal quality controls and by participation in the Vita-
min D External Quality Assessment Scheme and use of the Na-
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tional Institute of Standards and Technology 972 vitamin D stan-
dard reference material. The respective inter- and intra-assay
coefficients of variation were 5.7% and 4.5%. For the purposes
of this study and corresponding with previously published im-
mune cutoffs, vitamin D deficiency, insufficiency, and suffi-
ciency were defined as �25, 25 to 75, and �75 nmol/L, respec-
tively (24).

For the inflammatory marker analysis, serum C-reactive
protein (CRP) concentrations (n � 572) were measured using
high-sensitivity ELISA CRP kits (Roche Diagnostics, UK). Se-
rum concentrations of proinflammatory markers TNF-� and
IL-6 and the anti-inflammatory marker IL-10 (n � 957) were
measured and batch analyzed using high-sensitivity ELISA
kits (R&D Systems) and a Triturus ELISA analyzer (Grifols).
Respective inter- and intra-assay coefficients of variation were
6.3% and 7.0% (CRP), 8.4% and 5.3% (TNF-�), 7.7% and
7.4% (IL-6), and 11.3% and 7.8% (IL-10). Kits were stored
at 4°C, and all reagents were prepared according to the man-
ufacturer’s instructions.

Statistical analysis
The statistical analysis was performed using the Statistical

Package for Social Sciences version 19.0 (SPSS UK Ltd). Data
were assessed for normality by means of the Kolmogorov-Smir-
nov test and Q-Q plots and data were log-transformed or square
rooted for normalization purposes. Data are expressed as means
and SDs, with the median (25th and 75th interquartile ranges)
used for nonnormal variables. Where appropriate, an indepen-
dent-sample t test or a one-way ANOVA and analysis of cova-
riance (adjusting for age and BMI) was applied to normally
distributed and transformed data to determine statistical signif-
icance (P � .05). A partial correlation adjusting for age, sex,
BMI, smoking, and presence of inflammatory conditions (rheu-
matoid arthritis, ulcerative colitis, and type 1 diabetes) was ap-

plied to ascertain statistical significance between inflammatory
markers/ratios and 25(OH)D concentration.

The immune profiles of TH-1/TH-2 were calculated by di-
viding the proinflammatory cytokine/CRP concentrations by the
anti-inflammatory cytokine IL-10 (this ratio has been previously
documented to be more informative regarding inflammatory
balance compared with solely relying on the absolute cytokine/
inflammatory marker concentration) (25, 26). The subdivided
ratios included �1:1 (anti-inflammatory), 1:1 to 2:1 (neutral),
and �2:1 (proinflammatory). A multinomial logistic regression
analysis was performed to determine the predictors of cytokine
ratio with age, sex, BMI, smoking, and vitamin D status included
in the model. All observed P values �.05 were considered
significant.

Results

Analysis of immune markers was completed in 957 par-
ticipants (481 men and 476 women), and the baseline
characteristics of this sample are presented in Table 1.
Males had a significantly higher waist to hip ratio than
females (P � .001), whereas females had significantly
lower 25(OH)D concentrations (P � .05). No significant
difference in proinflammatory markers was observed be-
tween the sexes. The concentration of IL-10, however, was
significantly higher in males compared with females (P �

.05). A seasonal variation in 25(OH)D concentration was
observed, with the highest median concentration in sum-
mer (55.3 nmol/L, SD 28.0) compared with the lowest in
spring (38.6 nmo/L, SD 21.3) (not shown). Furthermore,

Figure 1. Study design.
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a significant seasonal variation was also observed for IL-
10, with the highest median concentration in summer
(1.81 pg/mL, SD 7.25) compared with spring (1.27 pg/mL,
SD 6.90). No effect of seasonality was observed for the
markers IL-6, CRP, or TNF-�.

The immune markers were categorized by vitamin D
status (Table 2). Those with sufficient vitamin D status
(25(OH)D �75 nmol/L) were older (P � .048) and leaner
(P � .001) compared with those deemed to be insufficient
or deficient. As vitamin D status increased, a significant
decrease was also observed in the concentration of IL-6,

CRP, and the ratios of IL6 to IL-10 and CRP to IL-10 after
adjustment for age, sex, and BMI (P � .05). The percent-
age of participants within each inflammatory marker ratio
(�1:1, 1:1–2:1, and �2:1) was quantified according to
vitamin D status (Figure 2). The vitamin D-sufficient
group had a significantly lower number of individuals
with an IL-6 to IL-10 cytokine ratio �2:1 compared with
those within the insufficient and deficient groups (P �
.029 and P � .001, respectively).

A significant negative correlation was observed be-
tween serum 25(OH)D and IL-6, CRP, and the IL-6 to

Table 1. Baseline Characteristics of Study Participantsa

Total Sample,
n � 957 Males, n � 481

Females,
n � 476 P Value

Age, y 70.5 (65.9–74.9) 70.6 (65.8–74.2) 70.2 (66.0–75.4) .378
BMI, kg/m2 28.8 (26.2–32.5) 28.7 (26.5–31.7) 29.0 (25.9–33.6) .308
Waist/hip ratio 0.93 (0.88–0.98) 0.97 (0.93–1.02) 0.89 (0.84–0.94) �.001
% Smokers (n) 11.7 (81) 12.3 (41) 11.2 (40) .652
% Autoimmune disease (n)b 12.2 (117) 11.0 (53) 13.4 (64) .252

% Rheumatoid arthritis (n) 11.5 (110) 11.0 (51) 12.4 (59) .385
% Ulcerative colitis (n) 0.5 (5) 0.4 (2) 0.6 (3) .645
% Celiac disease (n) 0.2 (2) 0 0.4 (2) .155

Vitamin D concentration
25(OH)D, nmol/L 43.9 (29.3–62.2) 45.8 (31.8–63.9) 41.3 (26.8–61.2) .008
% Vitamin D supplements (n) 36.9 (352) 33.4 (160) 40.3 (192) .026
Inflammatory markers
TNF-�, pg/mL 1.30 (0.98–1.95) 1.30 (1.00–1.97) 1.30 (0.97–1.92) .624
IL-6, pg/mL 1.79 (1.12–3.12) 1.85 (1.09–3.21) 1.72 (1.13–3.00) .596
CRP, mg/Lc 2.00 (1.00–6.00) 2.00 (1.00–6.00) 2.00 (1.00–6.65) .716
IL-10, pg/mL 1.59 (1.08–2.54) 1.70 (1.18–2.62) 1.50 (0.98–2.43) .081

a Values are median (interquartile range) or percentage (n). Differences between genders were assessed using an independent t test on
transformed data where applicable. Categorical variables were assessed by using �-square analysis. P � .05 was considered significant.
b Diagnosed with rheumatoid arthritis, ulcerative colitis or coeliac disease.
c CRP data were available for 572 participants: 272 males and 300 females.

Table 2. Immune Profile of Participants Categorized by Vitamin D Statusa

Deficient (<25 nmol/L),
n � 162

Insufficient (25–75 nmol/L),
n � 648

Sufficient (>75 nmol/L),
n � 147 P

General characteristics
Age, y 70.5 (65.1–75.9)a,b 70.0 (65.9–74.1)a 72.1 (66.9–76.5)b

% Male 38.9 53.7 47.6
BMI, kg/m2 29.9 (26.8–34.6)a 29.3 (26.6–32.8)a 26.9 (24.6–30.1)b

Waist/hip ratio, cm 0.94 (0.89–0.99)a,b 0.94 (0.88–0.98)a 0.90 (0.86–0.96)b

25(OH)D, nmol/L 18.2 (14.4–21.8)a 44.2 (33.9–55.8)b 90.9 (82.0–102.0)c

Inflammatory markers
TNF-�, pg/mL 1.52 (1.10–2.04) 1.28 (0.97–1.95) 1.17 (0.95–1.77) .081
IL-6, pg/mL 2.29 (1.37–4.11)a 1.71 (1.11–3.10)b 1.45 (0.94–2.39)c �.001
IL-10, pg/mL 1.57 (1.00–2.64)a 1.59 (1.11–2.53)a 1.72 (1.10–2.44)a .719
CRP, mg/L 4.20 (1.35–8.00)a 2.00 (1.00–6.00)b 2.00 (1.00–4.00)c �.001

Cytokine ratios
TNF-�/IL-10 0.88 (0.55–1.47) 0.82 (0.52–1.25) 0.70 (0.45–1.21) .150
IL-6/IL-10 1.45 (0.71–2.58)a 1.10 (0.59–1.98)a 0.88 (0.40–1.53)b .008
CRP/IL-10 2.10 (0.78–5.03)a 1.28 (0.58–3.57)a,b 1.11, (0.51–2.19)b .045

a Values are median (interquartile range) unless indicated otherwise. Differences between groups were assessed using ANOVA with Tukey’s post
hoc test on transformed data. P values were calculated by one-factor analysis of covariance adjusted for age, sex, and BMI. CRP and CRP to IL-10
ratio data were available for 572 participants: deficient (n � 101); insufficient (n � 372); Sufficient (n � 99).
a–c Values in the same row with different superscript letters are significantly different, P � .05.
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IL-10 ratio (P � .001). A negative correlation was also
observed between serum 25(OH)D and the TNF-� to
IL-10 and CRP to IL-10 ratio (P � .05) after adjustment
for age, sex, BMI, smoking, and presence of inflammatory
conditions (Table 3). No significant correlation was ob-
served between IL-10, TNF-�, and 25(OH)D concentra-
tions. Significant predictors of cytokine/inflammatory
marker ratios are outlined in Table 4. Participants who
were vitamin D-deficient (�25 nmol/L) were significantly
more likely to have an IL-6 to IL-10 ratio �2:1 than those
with sufficient status (�75 nmol/L), after adjustment for
identified copredictors (age, sex, BMI, and smoking) (P �
.031). Additional factors such as smoking and BMI were
also significant predictors of an IL-6 to IL-10 ratio �2:1

(P � .001). To account for any potential confounding by
the presence of inflammatory conditions, the data were
reanalyzed excluding participants with a diagnosed in-
flammatory disease (n � 130). The removal of these par-
ticipants did not significantly alter the outcome (data not
shown).

Discussion

This study observed significant negative associations be-
tween vitamin D and the inflammatory markers IL-6 and
CRP. Furthermore, a deficient vitamin D status (�25
nmol/L) was associated with a more proinflammatory

Figure 2. Vitamin D status as a determinant of cytokine ratio group. 1P value assessed by Pearson �2 with sufficient status as reference category;
percentage is of participant number.

Table 3. Partial Correlations of Vitamin D and Cytokinesa

25(OH)D IL-10 IL-6 TNF-� CRP
IL-6/IL-10
Ratio

TNF-�/IL-10
Ratio

25(OH)D 1
IL-10 �0.026 1
IL-6 �0.199b �0.068 1
TNF-� �0.100 �0.214b �0.396b 1
CRP �0.222b �0.103c �0.284b �0.260b 1
IL-6/IL-10 ratio �0.154b �0.095c �0.108c 1
TNF-�/IL-10 ratio �0.092c �0.210b �0.086 1
CRP/IL-10 ratio �0.158c �0.228b �0.054

a Adjusted for age, sex, BMI, smoking, and presence of inflammatory conditions.
b P � .001.
c P � .05.
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profile (as determined by the IL-6 to IL-10 ratio) compared
with individuals with an insufficient or sufficient status.
Importantly, this study illustrates that 25(OH)D concen-
tration could be a possible determinant of the IL-6 to IL-10
ratio, with those deficient in vitamin D 3 times more likely
to have an IL-6 to IL-10 ratio �2:1 compared with those
with sufficiency after adjustment for covariate predica-
tors. These findings suggest that insufficient vitamin D
status may have the potential to affect the inflammatory
response particularly within the older adult population. It
is important to note, however, that the data are observa-
tional and such associations do not necessarily indicate a
causal relationship.

The significant negative correlations of vitamin D with
IL-6 and CRP concentrations within this large study are
consistent with previous in vitro (4, 14) and ex vivo find-
ings (27, 28). Results from published in vivo studies, how-
ever, have been less clear. Previously, Peterson and Hef-
fernan (29) reported that serum 25(OH)D status was
inversely related to TNF-� concentration in 69 healthy
women (25–82 years), whereas only a weak association
between IL-6 and vitamin D status was observed in 1381
healthy participants from the Framingham Offspring ob-
servational study (30). Importantly, however, the latter
study included both middle-aged to elderly adults (median
age 59, range 35–89, years) and did not investigate asso-
ciations separately for older participants (�60 years of
age). The results of vitamin D supplementation studies
have also been ambiguous. Inanir et al (17) reported a
significant reduction in serum IL-6 and TNF-� concen-
trations in 70 postmenopausal women in response to cal-
citriol supplementation, whereas Schleithoff et al (18) re-
ported that supplementation with vitamin D3 stabilized
TNF-� concentration in 123 patients with congestive
heart failure. However, a number of other intervention
studies found no significant effect of vitamin D supple-
mentation on inflammatory markers (19–23). A possible
explanation for this inconsistency may be that the signif-

icant associations shown here and elsewhere (15–18) are
generally observed in populations diagnosed with some
form of chronic disease, whereas most studies that re-
ported no significant associations generally involved
healthy populations, although this is not always the case
(19, 21–23). Conversely, this could indicate that inflam-
mation itself may cause low 25(OH)D concentrations. To
date, however, only one study, which involved a postop-
erative population, has observed 25(OH)D to decrease
after an inflammatory insult (31). No direct mechanism
was suggested for this observation, and the authors sug-
gested that the association might have been through the
influence of other variables including a dilution effect of
postoperative fluids and loss of vitamin D binding pro-
teins. Until further studies are undertaken, it is unknown
whether inflammation itself can result in significantly
lower 25(OH)D concentrations.

Notably, within the current study, no association of
vitamin D status with IL-10 concentration was observed,
a finding that is inconsistent with evidence from in vitro
studies that have reported significant increases in IL-10
concentration and receptor expression in response to vi-
tamin D (32). However, IL-10 was the only inflammatory
marker to display a significant seasonal variation, with the
lowest concentrations observed in spring (1.27 pg/mL)
compared with summer where concentrations were high-
est (1.81 pg/mL), and thereby displaying a similar pattern
to the widely reported seasonal variation in vitamin D
concentrations (2). Although the seasonal variation in
IL-10 concentration could be explained by the reported
seasonal increase of pollen levels (33), it may also have
been to some extent affected by vitamin D status indi-
rectly. For example, vitamin D-mediated adiponectin se-
cretion has been previously associated with an increased
IL-10 concentration (32, 34). Zittermann et al (35) ob-
served that low vitamin D status in winter was associated
with low cord blood concentrations of IL-10, whereas
Stewart et al (36) reported that multiple sclerosis (MS)

Table 4. Vitamin D as a Predicator of the IL-6 to IL-10 Ratioa

Reference Category Category

>2:1 Versus 1:1 (IL-6 to IL-10 ratio)

�-Value
Odds
Ratio

95% Confidence
Interval P Value

BMI �36 kg/m2 BMI 20–25 kg/m2 �2.07 0.126 0.05–0.30 �.001
BMI 25–30 kg/m2 �1.51 0.220 0.11–0.41 �.001
BMI 30–35 kg/m2 �0.70 0.493 0.26–0.92 .027

Female Male sex �0.03 1.034 0.68–1.56 .872
�80 y Age 60–69 y �0.56 0.570 0.26–1.24 .159

Age 70–79 y �0.43 0.648 0.29–1.40 .274
Smoker Nonsmoker �1.12 0.326 0.18–0.59 �.001
�75 nmol/L Vitamin D �25 nmol/L �0.87 2.406 1.08–5.33 .031

Vitamin D 25–75 nmol/L �0.44 1.567 0.77–3.15 .209
a Reference category is IL-6 to IL-10 ratio 1:1 (multinomial logistic regression).
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patients had an excess of IL-10 in the summer period.
However, not all studies have reported a significant mod-
ulatory effect of vitamin D status on IL-10 concentration
(21, 23), but these studies were conducted in relatively
healthy populations and with smaller sample sizes and
thus may have failed to observe significant effects. In re-
lation to the other inflammatory makers and seasonality,
no association was observed, although the markers were
correlated with 25(OH)D concentrations. This lack of as-
sociation with seasonality is not unusual because other
biochemical parameters that are strongly associated with
vitamin D do not have a corresponding seasonal rhythm
(such as PTH). This lack of association might be owing to
other variables (separately or combined) having a much
larger effect and overshadowing the effect (if any) of sea-
sonality, making it difficult to ascertain. Currently, few
studies exist in the literature that have investigated inflam-
matory measures and seasonality and the variables that
may affect these factors.

Notably, for the first time in a large study, we ob-
served that IL-6 and CRP concentrations were signifi-
cantly lower in individuals with sufficient compared
with deficient vitamin D status after adjustment for po-
tential confounders. This observed association of vita-
min D with inflammatory markers could (if confirmed
from randomized controlled trials) have potential
health benefits, particularly for those with autoimmune
or inflammatory disease given that inflammatory mark-
ers are often raised in conditions such as MS, Crohn’s
disease, and rheumatoid arthritis (37–39). For example,
previous studies have reported that lower circulating
inflammatory cytokine concentrations have been asso-
ciated with decreased disease severity in individuals
with MS, ulcerative colitis, and arthritis (40 – 42).

Sufficient vitamin D status was also associated with a
less inflammatory IL-6 to IL-10 ratio. This potential in-
fluence of vitamin D to shift immune response to a TH-2
anti-inflammatory profile has not only the obvious bene-
fits for those with autoimmune/inflammatory conditions,
but it may also have benefits for the wider population
(43–45). Taniguchi et al (46) reported that an increase in
the IL-6 to IL-10 ratio was associated with a poorer out-
come in patients with systemic inflammatory response
syndrome, whereas Kilic et al (47) reported that the IL-6
to IL-10 ratio was the most important predictor for
non-ST elevation in acute coronary syndrome. Further-
more, an impaired IL-6 to IL-10 ratio has also been asso-
ciated with acute myocardial infarction (48). Given the
associations of the IL-6 to IL-10 ratio with cardiovascular
disease, it is not surprising, therefore, that a significant
association of vitamin D with inflammation was observed
in the current hypertensive population.

To achieve the 75 nmol/L concentration of 25(OH)D
(shown within the current study to be sufficient in terms of
immune function and confirming what others have pro-
posed) (2, 24, 27), a dietary intake of 41.1 �g/d of vitamin
D would be required to maintain this concentration
throughout the year in populations with poor UVB sun-
light exposure (49). Recent dietary intake studies indicate,
however, that actual dietary intake of vitamin D across
Northern latitude populations (with mean daily intake
within the Irish population of just 3.9 �g/d) (50–52) is
significantly below recommendations aimed at meeting
even the lower Institute of Medicine vitamin D cutoffs
based on bone health (53). There is, therefore, an urgent
need for further studies to ascertain with certainty the
vitamin D concentration that is optimal for immune
function and the potential implications of increasing
dietary recommendations for vitamin D intake within
the population.

One of the major strengths of this study was the study
size, because it is the largest observational study (n � 957)
conducted to date within an exclusively older adult pop-
ulation to investigate the association between vitamin D
status and immune function using liquid chromatography
tandem mass spectrometry, now considered the gold stan-
dard of 25(OH)D measurement (54). These findings,
therefore, contribute significantly to the large body of ev-
idence supporting a role for vitamin D in inflammatory
conditions, albeit the authors acknowledge that low vita-
min D could be the result of inflammation associated with
the pathogenesis and progression of disease rather than
the disease itself (55).

In conclusion, to our knowledge, this is the first study
to demonstrate an association between vitamin D status,
markers of inflammation, and the IL-6 to IL-10 ratio ex-
clusively within independently living, older adults (�60
years of age). The findings provide evidence that vitamin
D deficiency is significantly associated with a more pro-
nounced proinflammatory status and that a higher vita-
min D status (�75 nmol/L) may be required to optimize
immune function toward an anti-inflammatory profile.
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