
RESEARCH ARTICLE

Vitamin D status & associations with

inflammation in older adults

Eamon LairdID
1,2☯*, Aisling M. O’HalloranID

3☯, Anne M. Molloy2☯, Martin Healy2☯,

Nollaig Bourke2☯, Rose Anne Kenny2,3☯

1 School of Physical Education and Sports Science, University of Limerick, Limerick, Ireland, 2 School of

Medicine, Trinity College Dublin, Dublin, Ireland, 3 The TILDA Study, School of Medicine, Trinity College

Dublin, Dublin, Ireland

☯ These authors contributed equally to this work.

* Eamon.Laird@ul.ie

Abstract

Research studies have observed associations of vitamin D with inflammation but data in

representative older adult studies is lacking. We aimed to investigate the association of C-

reactive protein (CRP) with vitamin D status in a representative sample of the older Irish

population. The concentrations of 25-hydroxyvitamin D (25(OH)D) and CRP was measured

in 5,381 community dwelling Irish adults aged�50 years from the Irish Longitudinal Study

on Ageing (TILDA). Demographic, health and lifestyle variables were assessed by question-

naire and categorical proportions of CRP were generated by vitamin D status and age.

Multi-nominal logistic regression was used to investigate the association of 25(OH)D and

CRP status. The prevalence (mean; 95% confidence interval (95% CI)) of normal CRP sta-

tus (0–5 mg/dL) was 83.9% (82.6–85.0%), elevated status (5–10 mg/dL) 11.0% (9.9–

12.0%) and high status (>10 mg/dL) was 5.1% (4.5–5.8%). Mean (95% CI) CRP concentra-

tions were lower in those with normal vs. deficient 25(OH)D status (2.02 mg/dL (1.95–2.08)

vs. 2.60 mg/dL (2.41–2.82); p<0.0001). In a logistic regression analysis, those with insuffi-

cient or sufficient 25(OH)D status were less likely to have a high CRP status compared to

those with deficient 25(OH)D status (insufficient: coefficient (CE) -0.732, 95% CI -1.12–

0.33, p<0.0001; sufficient: CE -0.599, 95% CI -0.95–0.24, p = 0.001). In conclusion older

adults with deficient vitamin D status had higher levels of inflammation as measured by

CRP. Given that inflammation is an important pathological driver of chronic diseases of age-

ing, and that emerging evidence suggests that vitamin D therapy can reduce inflammation in

some disease settings, optimising vitamin D status could represent an effective low risk/low-

cost pathway to modulate inflammation in community dwelling older adults.

Introduction

Vitamin D is a seco-steroid hormone that is essential for bone and musculoskeletal health [1]

and has also been associated with chronic conditions such as cardiovascular disease (CVD),

diabetes and cancer in observational and prospective studies [2, 3]. Purported mechanisms for
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these associations include the modulation of inflammation and preservation of endothelial

function via effects of vitamin D on asymmetric dimethylarginine kinetics [4]. The main

source of vitamin D is skin synthesis following exposure to ultraviolet B (UVB) light, however

at far latitude countries, this is limited to the summer months with a sole reliance on dietary

intakes and supplementation during the winter period [1, 5]. Importantly, few foods actually

contain vitamin D (oily fish, mushrooms, etc.) in sufficient concentrations and these are infre-

quently consumed [5], whilst Ireland does not have a mandatory vitamin D food fortification

policy resulting in poor dietary intakes of the vitamin [6]. Current estimates of vitamin D defi-

ciency within middle aged and older Irish adults is 1 in 8 which increases to nearly 1 in 2 for

those aged>85 yrs [7, 8]. These high rates of deficiency are of particular concern given the

associations of vitamin D with immune function.

Vitamin D has been demonstrated to modulate the immune system via regulation of cell

signalling pathways through the vitamin D receptor (VDR) which is present on a number of

immune cells including monocytes, T lymphocytes and macrophages [9, 10]. Vitamin D has

also been observed to regulate the proliferation of these cells and to influence the production

of inflammatory cytokines such as Interleukin-6 (IL-6) and tumour necrosis factor alpha

(TNF-alpha) [11]. Regulation of inflammation and cytokine expression is of crucial impor-

tance given the hypothesis of ‘inflamm-aging’–with increased age the shift toward a more pro-

inflammatory state can lead to chronic low level grade inflammation and a slow accumulation

of damage, with subsequent progression to chronic disease [12]. Vitamin D may also play a

significant role related to immune function in the context of respiratory infection. Recent

cross-sectional and randomized controlled trials (RCTs) have shown that low vitamin D status

has been associated with a higher risk of infection, and vitamin D supplementation has been

associated with reduced symptoms and antibiotic use [13–15]. These associations are particu-

larly pertinent given the context of the COVID-19 pandemic where vitamin D has been associ-

ated with COVID mortality and severity of the immune response in older adults in some

studies [16–18] though there is insufficient evidence, and it needs more clarification.

C-reactive protein (CRP) is an acute phase inflammatory protein produced by the liver in

response to inflammation and mildly raised levels have been observed to be a significant pre-

dictor of CVD and mortality [19–22]. Thus, agents that could reduce or influence CRP pro-

duction may also have a positive role in CVD and chronic disease prevention. In a meta-

analysis of RCTs of vitamin D and CRP it was observed that vitamin D supplementation signif-

icantly decreased circulating high sensitivity CRP concentrations with a more pronounced

effect in those with CRP concentrations >5 mg/L [23]. However, a more recent meta-analysis

reported that vitamin D supplementation had no effect on CRP, Interleukin-10 or other cyto-

kines [24]. Though the studies included were small and mostly in clinical populations. Impor-

tantly, few data exist examining the associations of vitamin D with CRP at a population level as

these studies have mainly been performed in sub-groups [4, 25, 26]. Even fewer data exists in

representative older populations [27] and there are currently no reports related to examining

any casual associations the older Irish population. Thus, in this paper we aim to examine the

association of vitamin D status with CRP status (measure of inflammation) in a large popula-

tion representative study of older Irish adults.

Materials and methods

Study population

The study was approved by the Faculty of Health Sciences Research Ethics Committee at Trin-

ity College Dublin, and all participants gave informed written consent. All experimental proce-

dures adhered to the Declaration of Helsinki and all assessments were performed by trained
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research nurses. Anonymized data and materials have been made publicly available at the Irish

Social Science Data Archive based in University College Dublin and the Interuniversity Con-

sortium for Political and Social Research based in the University of Michigan and can be

accessed at www.tilda.ie. Participants were part of the Irish Longitudinal Study on Ageing

(TILDA), a nationally population representative cohort of community-dwelling adults aged

�50 years. As described previously [7, 28], the first wave of data collection was conducted

between October 2009 and July 2011 and all household residents aged�50 years were eligible

to participate and these were stratified by socioeconomic group and geography to maintain a

population representative sample (latitude 50–55˚N). Clusters were selected with a probability

proportional to the number of individuals aged�50 years in each cluster.

Blood samples

Frozen non-fasting total plasma samples were accessed for the blood biomarker measure-

ments. The concentration of total 25(OH)D (including D2 & D3) were quantified by LC-MS/

MS with a validated method (Chromsystems Instruments and Chemicals GmbH; MassChrom

25-OH-Vitamin D3/D2) in the Biochemistry Department of St James’s Hospital (accredited to

ISO 15189). The quality and accuracy of the method was monitored by the use of internal qual-

ity controls, participation in the Vitamin D External Quality Assessment Scheme (DEQAS)

and the use of the National Institute of Standards and Technology (NIST) 972 vitamin D stan-

dard reference material. The respective inter- and intra-assay coefficients of variation (CV)

were 5.7% and 4.5%. 25(OH)D is the recognised biomarker of vitamin D and is used in the

assessment of the circulatory blood status. Vitamin D deficiency, insufficiency, and sufficiency

were defined as<30, 30 to 50 and>50 nmol/L, respectively [29]. CRP concentrations were

measured on a Roche Cobas c 701 analyser with a proprietary immunoturbidimetric assay

(Roche Diagnostics Ireland, Tina-quant1 C-Reactive Protein 3rd Gen). The respective inter-

and intra-assay CV were 6.3% and 7.0%. Normal, elevated and high CRP were defined as 0–5,

5–10 and>10 mg/dL. Creatinine was measured by an enzymatic method traceable to isotope-

dilution mass spectrometry (Roche Creatinine plus ver.2, Roche Diagnostics, Basel Switzer-

land) and the inter-assay CV was <5%. Glycated haemoglobin (HbA1c) concentration was

measured by reversed-phase cation exchange chromatography using an ADAMS A1c HA-

8180V analyser which is traceable to the internationally agreed standard developed by the

International Federation of Clinical Chemistry (IFCC).

Demographics

Demographic data was collected via a computer-aided personal interview and health assessment.

Information included age, sex, education (categorized to primary, secondary or tertiary/higher),

currently smoking (yes/no), CAGE alcohol score (yes/no problematic consumption) and self-

reported presence of chronic disease including diabetes, stroke, heart failure, heart attack, hyper-

tension, angina, heart murmur, transient ischemic attack and irregular heart rhythm (grouped

into a categorical variable of 0,1,2 or 3/more chronic conditions). Obesity was measured as a body

mass index (BMI)>30 kg/m2 while physical activity levels were classified using the International

Physical Activity Questionnaire (IPAQ) categories: physically active (minimally or health enhanc-

ing physically active) versus physically inactive (inactive or insufficiently active).

Statistical analyses

Weighted geometric means are presented along with concentrations of CRP categorized by

normal, elevated and high levels and by population demographics. The weights used in the

analysis were derived specifically for those who provided a blood sample; these were calculated
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by multiplying the base interview weight for a given participant by the inverse of the probabil-

ity that the participant provided a blood sample (probability calculated using a logistic regres-

sion model). Pairwise comparisons by CRP category were computed across variables of

interest and a Bonferroni correction for multiple comparisons was applied. The prevalence of

CRP status by vitamin D concentrations and age groups within the population were computed

and comparison of CRP concentrations by vitamin D status was examined by ANOVA with

Bonferroni correction. Multi-nominal logistic regression modelled the predictors of elevated

and high CRP (using normal as the reference category) with variables including vitamin D sta-

tus, age category, sex, educational attainment, obesity, smoking, alcohol issue, physical activity,

number of chronic diseases, creatinine and HBA1c concentrations. All analyses were carried

out using STATA 14 (StataCorp, College Station, TX).

Results

At baseline, 8,175 adults completed a computer-aided personal interview (CAPI), representing

a response rate of 62%. Approximately 72.1% (n = 5,895) consented to, and participated in, a

health assessment and 5,381 participants provided a blood sample for both a 25-hydroxyvita-

min D (25(OH)D) and CRP measurement. Of those included in the study, the mean age (95%

Confidence Intervals (CI)) was 62.9 years (50–98) and 53.5% were female. The mean BMI was

28.6 kg/m2, the rate of obesity was 33.9%, while 70.8% were physically active. Further informa-

tion on the demographic details of the TILDA participants and the full breakdown regarding

the vitamin D status of the population have been detailed extensively elsewhere (7). In short,

13% of the total population was deficient, with higher levels of deficiency in the oldest old,

lower education, poorer socio-economic status and smokers while the distribution of supple-

ment users was 8.5% (7). The estimated population prevalence of CRP status is presented in

Table 1. The mean (95% CI) CRP of the total population was 3.30 mg/dL (3.05–3.55) and the

prevalence (95% CI) of normal status was 83.9% (82.6–85.0%), elevated status 11.0% (9.99–

12.0%) and high status was 5.1% (4.5–5.8%). A full age breakdown by sex is given in S1, S2

Figs. Overall, those who were younger, male, had tertiary education, were not obese, a non-

smoker, and had less than three chronic diseases had significantly lower mean CRP concentra-

tions. In terms of high CRP status (>10 mg/dL), again those aged�75 years compared to 50–

64 year olds, primary education vs tertiary, obese vs non obese, physically inactive vs active

and those with three or more chronic conditions vs less all had significantly higher proportions

with high CRP (Table 1).

CRP and vitamin D

In the total sample, mean (95% CI) CRP concentrations were significantly lower in those with

normal vs. deficient 25(OH)D status (2.02 mg/dL (1.95–2.08) vs. 2.60 mg/dL (2.41–2.82);

p<0.0001). The mean CRP concentration for insufficiency was 2.22 (2.13–2.32), significantly

different from deficient and sufficient groups (P<0.001). There was also a shift in CRP status

with increasing vitamin D category (Fig 1). As vitamin D status shifted from deficient to suffi-

cient, the proportions of those with elevated or high CRP status decreased while the proportion

with normal status increased. When examined by age (5-year profiles), similar results were

observed, those with deficient 25(OH)D status had a higher proportion with high CRP status

vs those with sufficient status until the age of�80 years (Fig 2). In a logistic regression analysis

examining predictors of CRP status (Table 2), those with insufficient or sufficient 25(OH)D

status were less likely to have a high CRP status compared to those with deficient 25(OH)D sta-

tus (insufficient: coefficient (CE) -0.732, 95% CI -1.12,-0.33, p<0.0001; sufficient: CE -0.599,

95% CI -0.95,-0.24, p = 0.001). Other protective correlates included tertiary education.
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Correlate for increased risk of high CRP included obesity, smoking, female sex, physical inac-

tivity, chronic conditions and high creatinine and HbA1c.

Discussion

In this population study, sufficient vitamin D status was associated with a lower concentration

of CRP even after adjustment for traditional risk factors. These findings (with previous RCT

Table 1. Distribution of CRP concentrations and weighted prevalence of status by demographics in older Irish adults.

CRP Normal Elevated High

Mean 0–5 mg/dL >5–10 mg/dL >10 mg/dL

Subjects (n = 5,381) (n = 4,573) (n = 554) (n = 254)

Characteristic n mg/dL (95% CI) % (95% CI) % (95% CI) % (95% CI)

Age

50–64 y 3,263 2.03 (1.97–2.10) 85.5 (83.9–86.8) 10.6 (9.3–11.9) 3.9 (3.2–4.7)

65–74 y 1,425 2.23 (2.12–2.34) 83.5 (81.0–85.6) 10.8 (9.0–12.8) 5.7 (4.4–7.1)

�75 y 693 2.54 (2.37–2.76) 79.1 (75.4–82.2) 12.4 (9.8–15.4) 8.5 (6.3–11.4)

Sex

Male 2,502 2.08 (2.00–2.15) 85.3 (83.5–86.8) 10.0 (8.7–11.5) 4.7 (3.8–5.6)

Female 2,879 2.25 (2.17–2.33) 82.6 (80.9–84.0) 11.8 (10.5–13.2) 5.6 (4.7–6.7)

p 0.001 0.0146 0.057 0.162

Education

Primary 1,372 2.52 (2.39–2.66) 77.6 (74.9–80.1) 15.0 (12.8–17.4) 7.4 (5.9–9.1)

Secondary 2,222 2.11 (2.03–2.19) 85.6 (83.9–87.1) 9.5 (8.2–10.8) 4.9 (4.0–5.9)

Tertiary 1,787 1.84 (1.77–1.92) 88.9 (87.1–90.4) 8.5 (7.1–10.1) 2.6 (1.8–3.5)

Obesity

BMI >30 kg/m2 1,817 2.86 (2.74–2.99) 75.1 (72.8–77.2) 17.5 (15.6–19.6) 7.3 (6.1–8.7)

BMI <30 kg/m2 3,550 1.86 (1.81–1.92) 88.6 (87.2–89.8) 7.4 (6.4–8.5) 3.9 (3.1–4.8)

p <0.0001 <0.0001 <0.0001 <0.0001

Physical activity

Physically active 3,777 2.01 (1.95–2.07) 86.8 (85.5–88.0) 9.3 (8.2–10.3) 3.9 (3.2–4.6)

Physically inactive 1,558 2.54 (2.41–2.68) 77.4 (74.9–79.8) 14.6 (12.5–16.8) 8.0 (6.5–9.5)

p <0.0001 <0.0001 <0.0001 <0.0001

Smoking

Smoker 841 2.53 (2.37–2.70) 78.4 (74.9–81.4) 14.8 (12.1–18.0) 6.8 (5.0–8.9)

Non-smoker 4,540 2.09 (2.03–2.15) 85.2 (83.9–86.3) 10.0 (9.0–11.1) 4.8 (1.0–5.5)

p <0.0001 <0.0001 0.0004 0.0385

Problematic alcohol

No 4,208 2.17 (2.10–2.23) 84.1 (82.7–85.3) 10.4 (9.3–11.6) 5.5 (4.7–6.3)

Yes 631 2.00 (1.88–2.14) 85.4 (81.9–88.3) 10.9 (8.2–14.1) 3.7 (2.3–5.6)

p 0.034 0.441 0.8106 0.09

Number of chronic diseases

None 1,193 1.90 (1.81–1.99) 88.2 (85.8–90.2) 9.2 (7.3–11.3) 2.6 (1.7–3.8)

One 1,521 2.12 (2.02–2.23) 83.7 (81.5–85.8) 10.8 (9.0–12.6) 5.5 (4.2–6.9)

Two 1,255 2.18 (2.07–2.30) 84.1 (81.7–86.3) 10.9 (8.9–13.0) 5.0 (3.8–6.5)

Three or more 1,412 2.45 (2.33–2.58) 80.0 (0.77–82.2) 12.8 (10.9–14.9) 7.2 (5.7–8.7)

Weighted means and prevalence estimates with 95% CI. P-values indicate significant pairwise comparisons of the difference in proportion of column criteria-across row

variables. CRP = C-reactive protein. BMI = Body mass index; CI = Confidence interval. Physical activity levels were defined by IPAQ categories whilst problematic

alcohol was defined by CAGE score.

https://doi.org/10.1371/journal.pone.0287169.t001
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evidence) suggests that optimising vitamin D status to above deficient levels could help to

modulate the inflammation pathway in community dwelling older adults. CRP is one of the

major acute-phase proteins which can increase relatively rapidly in response to infection or

injury and is considered to be a reliable and accurate measure of inflammatory response [30].

Few observational studies have examined vitamin D and inflammation in older adults. In the

only other population representative study examining this issue, it was observed that low 25

(OH)D concentrations were associated with high CRP in 5,870 older adults from the English

Longitudinal Study of Ageing (ELSA) [27]. Similarly, in an observational study of 957 older

Irish adults (>60 years) it was reported that low 25(OH)D concentrations (<25 nmol/L) vs.

high (>75 nmol/L) was associated with a higher CRP and a skewed CRP:Interluekin-10 (IL-

10) ratio indicating possible immune dysregulation [26]. However, some observational studies

have found no associations such as the Framingham Offspring Study (n 1,381) though baseline

25(OH)D concentrations were higher, and 25(OH)D was measured using radioimmunoassay

when compared to the gold standard technique used in TILDA study [31]. More recent ran-

domized controlled trials (RCT) have demonstrated significant positive results. In a study of

type 2 diabetics (n 50), two injections of 200,000 IU vitamin D resulted in a significant

Fig 1. CRP profiles of older Irish adults by 25(OH)D status concentrations.

https://doi.org/10.1371/journal.pone.0287169.g001

Fig 2. Percentage of the Irish older adult population with high CRP (>10 mg/dL) by age and vitamin D status.

https://doi.org/10.1371/journal.pone.0287169.g002
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reduction in CRP concentrations [32]. In another RCT (n 90), ulcerative colitis patients

received a 300,000 IU D3 injection which after 90 days resulted in a significant drop in CRP

concentrations [33]. Furthermore a systematic review and meta-analysis of twenty trials

reported that vitamin D intakes (through any route) were associated with lower CRP concen-

trations in type 2 diabetics [34] whilst another meta-analysis reported that vitamin D supple-

mentation resulted in significantly lower CRP concentrations in patients with diabetic

nephropathy [35]. As discussed earlier, other systematic reviews [23, 24] have reported mixed

results as studies to date have been in mostly clinical populations, have used different dosage

regimes, baseline blood levels have often been above deficiency levels and a range of different

Table 2. The determinants of CRP concentrations (mg/dL) in older Irish adults.

Reference Category Characteristic Coefficient Linearized SE p 95% CI

Normal CRP Elevated CRP

25(OH)D <30 nmol/L 25(OH)D 30–50 nmol/L -0.189 0.152 0.214 (-0.48–0.10)

25(OH)D >50 nmol/L -0.243 0.142 0.088 (-0.52–0.03)

50–64 years 65–74 years -0.951 0.125 0.448 (-0.34–0.15)

�75 years 0.109 0.160 0.498 (-0.20–0.42)

Male Female 0.435 0.113 <0.0001 (0.21–0.65)

Primary education Secondary education -0.418 0.125 0.001 (-0.66–0.17)

Tertiary education -0.374 0.133 0.005 (-0.63–0.11)

Not obese Obese 1.013 0.104 <0.0001 (0.80–1.21)

Non-smoker Current smoker 0.586 0.129 <0.0001 (0.33–0.84)

No problematic alcohol Problematic alcohol 0.124 0.152 0.416 (-0.17–0.42)

Physically active Physically inactive 0.363 0.107 0.001 (0.15–0.57)

No chronic conditions One chronic condition 0.055 0.152 0.716 (-0.24–0.35)

Two chronic conditions 0.022 0.159 0.889 (-0.29–0.33)

�Three chronic conditions 0.010 0.161 0.946 (-0.30–0.32)

Creatinine 0.004 0.002 0.023 (0.006–0.008)

HbA1c 0.039 0.007 <0.0001 (0.02–0.05)

Normal CRP High CRP

25(OH)D <30 nmol/L 25(OH)D 30–50 nmol/L -0.732 0.201 <0.0001 (-1.12–0.33)

25(OH)D >50 nmol/L -0.599 0.179 0.001 (-0.95–0.24)

50–64 years 65–74 years 0.151 0.172 0.38 (-0.18–0.48)

�75 years 0.399 0.206 0.053 (-0.004–0.80)

Female Male 0.434 0.154 0.005 (0.13–0.73)

Primary education Secondary education -0.180 0.165 0.276 (-0.50–0.14)

Tertiary education -0.645 0.199 0.001 (-1.03–0.25)

Not obese Obese 0.826 0.145 <0.0001 (0.54–1.11)

Non-smoker Current smoker 0.561 0.180 0.002 (0.20–0.91)

No problematic alcohol Problematic alcohol -0.133 0.239 0.577 (-0.60–0.33)

Physically active Physically inactive 0.393 0.147 0.008 (0.10–0.68)

No chronic conditions One chronic condition 0.487 0.239 0.042 (0.17–0.95)

Two chronic conditions 0.390 0.248 0.117 (-0.09–0.87)

�Three chronic conditions 0.440 0.246 0.074 (-0.04–0.92)

Creatinine 0.007 0.002 0.002 (0.002–0.01)

HbA1c 0.035 0.010 <0.0001 (0.01–0.05)

Multi-nominal logistic regression using normal CRP status as the reference category. 25(OH)D = 25-hydroxyvitamin D. CI = Confidence interval. Physical activity

levels were defined by IPAQ categories whilst problematic alcohol was defined by CAGE score.

https://doi.org/10.1371/journal.pone.0287169.t002
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time-points have been used thus making it difficult to ascertain any true associations of vita-

min D with CRP. In comparison, in the current study we have tried to examine this potential

association in relatively normal free-living older adults, representative of the population at

large and also taking into consideration health and other demographic factors to ascertain fac-

tors which may influence this relationship.

Despite these data there is debate as to whether changes in vitamin D status are because of

its role in the acute phase response, or whether vitamin D is being lowered by the inflamma-

tion itself. Three studies have reported significant decreases in 25(OH)D blood concentration

following an increase in biomarkers of inflammation [36–38]. However, in all three reports,

patients had undergone major surgery, blood loss and fluid replacement. Interestingly, no

direct mechanism has been proposed to explain why 25(OH)D concentrations may decrease

with inflammation. Some have suggested that blood haemodilution, decreased synthesis of

binding proteins and renal wasting of 25(OH)D that occurs in rapid acute illness or traumatic

insults such as surgery [39] could be an explanation but these may not be a true representation

of what occurs with low grade inflammation. Furthermore, other studies have reported no

change in 25(OH)D concentrations during malarial infection or myocardial infarction, both

of which would invariably lead to a significant increase in inflammation and thus a decrease in

vitamin D status if the hypothesis was correct [40, 41].

CRP is the most commonly used laboratory marker of inflammation and can be produced

in response to insult via pro-inflammatory cytokines [42]. In large clinical studies, CRP has

been observed as a key predictor of CVD and all-cause mortality [20, 21, 43], depression [44]

and more recently the need for mechanical ventilation in COVID-19 [45]. In terms of mecha-

nisms of CRP and CVD risk, CRP may increase macrophage infiltration of adipose tissue and

atherosclerotic lesions and influence plaque deposition [46]. CRP can also increase the concen-

tration of prothrombin and D-dimer and increase the secretion of tissue factor by macro-

phages [47]. Elevated levels over long periods may also increase the risk of vascular

dysfunction, renal fibrosis and tissue damage leading to increased risk of chronic disease [47].

The collective evidence from observational studies and trials indicate that CRP can both be a

marker of long-term inflammation and be a potential contributor itself of chronic disease.

Therefore, interventions such as optimizing blood vitamin D to sufficient status (>50 nmol/L)

to try to lower CRP levels may have potential health benefits and could in part explain some of

the observations of vitamin D with disease [48]. However, rates of vitamin D insufficiency

(<50 nmol/L) are high both in older and younger adults [7, 49, 50] and in countries without a

vitamin D food fortification policy, meeting a blood level target of 50 nmol/L is difficult to

achieve. It has been estimated that to reach a blood 25(OH)D concentration of 50 nmol/L dur-

ing the winter period, intakes of vitamin D from either food or supplements should be 25.0 μg

[51]. Irish dietary vitamin D intakes have currently been estimated at 4.2 μg per day in adults

aged 18–64 yrs old [52]. In contrast, in Finland which has a systematic policy of vitamin D

food fortification of milk products and fat spreads, the proportions of vitamin D deficiency are

<1% at the population level [53–55]. In recognition of the evidence regarding the poor dietary

vitamin D intakes and inadequate vitamin D status of older Irish adults, the Food Safety

Authority of Ireland has recently recommended all older Irish adults to consume a daily 15 μg/

600 IU vitamin D supplement [6]. Future research will be able to investigate whether this will

have any impact on the inflammatory status of the population.

Strengths of the study include a well characterised nationally representative older adult pop-

ulation, the use of LC-MS/MS gold standard as measurement of 25(OH)D status and adjust-

ment for known established variables which can affect both 25(OH)D and CRP

concentrations. Limitations include the cross-sectional design, single timepoint measure and

CRP as the single measure of inflammation. It is also important to note that correlation is not
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causation and there maybe other confounding variables which may mediate the associations of

25(OH)D with CRP such as pollution or other environmental or social circumstances. Addi-

tionally, no information was available for dietary intakes or UVB exposure, however the focus

of this paper was on the associations of 25(OH)D concentrations (regardless of the source)

with CRP and thus the source of the vitamin D be it from supplements, diet or sun does not

affect the outcome in this instance.

Conclusion

In this study we observed that older adults with low-deficient vitamin D status had higher lev-

els of inflammation as measured by CRP concentrations. Given that inflammation is an impor-

tant pathological driver of chronic diseases of ageing, and that emerging evidence suggests that

vitamin D therapy can reduce inflammation in some disease settings, optimising vitamin D

status could represent an effective low risk/low-cost pathway to modulate inflammation in

community dwelling older adults.
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