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Purpose: Vitamin D deficiency is a common finding in geriatric patients. The ESPEN micronutrient guideline states that vitamin
D serum levels significantly decrease in the presence of inflammation and should be interpreted with caution. This is of great interest
for hospital care and would imply a significant change to the current approach to hospitalized patients with suspected vitamin
D deficiency.

Patients and methods: To evaluate the association of vitamin D and inflammation, we reanalyzed the data set of serum 25(OH)
D-Levels of 687 consecutive geriatric hospitalized patients of a previously published study.

Results: We found that vitamin D deficiency (<20 ng/dl) was prevalent in 78.0% and vitamin D insufficiency (20-30 ng/dl) in 9.9% of
patients. Sperman’s correlation showed a significant but very weak correlation (R = —0.100, P < 0.01) of serum vitamin D and
C-reactive protein. However, linear regression with the inclusion of age and gender revealed no significant association (beta-coefficient
—0.070; p=0.067).

Conclusion: In this study, we could not confirm a significant and clinically relevant association between serum vitamin D levels and
inflammation, contrasting with a previous study. However, longitudinal studies need to be performed to draw a final conclusion.
Keywords: Vitamin D, 25-hydroxyvitamin D, inflammation, older, C-reactive protein, geriatric

Introduction
We read with great interest the ESPEN micronutrient guideline, which is an important contribution to nutritional
medicine.! However, in the chapter on vitamin D, the authors reported a significant drop in serum-vitamin D levels in
the context of inflammation. They report that in the presence of C-reactive protein (CRP) >4 mg/dl, nearly all values are
below the reference range, which may complicate the interpretation of such measurements. The authors based this
statement on the study of Duncan et al from 2012.% In this study, the authors examined the correlation between serum
CRP and serum vitamin D, utilizing a cross-sectional methodology applied to 5154 blood samples drawn from a cohort
of 3676 patients. Furthermore, the exploration extended to assess the interactions with other micronutrients. The authors
observe a pronounced reduction in serum vitamin D levels, quantified at 41%, if serum CRP concentrations exceeded
8 mg/dl. Considering the routine assessment of serum vitamin D levels in geriatric patients with acute illnesses, we have
questioned the validity of these measurements as an accurate reflection of vitamin D stores. The question then arises as to
whether we need to modify our method by adjusting these measures for the degree of inflammation or restrict vitamin
D testing to periods devoid of inflammation.

However, the study by Duncan et al is the only large study investigating this association, and using a cross-sectional
approach cannot prove causality. CRP is an acute-phase protein and is used as one of the main laboratory markers for
inflammation. It is very sensitive to inflammation, increasing within hours of new-onset inflammation and reaching its
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peak after 48 hours. Thereby, it is lacking specificity regarding the type of inflammation, as infection, trauma, and
surgery or rheumatic diseases will all lead to an increase in CRP levels.

Vitamin D is almost completely synthesized by the body and only small amounts are supplied through food. 25-
hydroxyvitamin D [25(OH)D] or calcidiol is synthesized in the liver from the precursor steroid cholecalciferol and is then
converted in the kidneys to the biologically active form, the steroid hormone calcitriol. Measuring 25(OH)D concentra-
tions in the serum is used to determine the total body stores of vitamin D. Though the limit values of 25(OH)D from
which insufficiency or deficiency of vitamin D should be defined are still under discussion, there is agreement that
vitamin D deficiency is common in older persons™* and is associated with several negative consequences’ eg, bone loss,
falls and fractures.° However, the effect on the immune system is debated.” The prevalence of vitamin D deficiency
varies widely depending on the criteria, location of the survey (natural sun exposure), and the cohort that is studied (eg,
older patients hospitalized or institutionalized patients, etc.).

Retrospective data analysis by our working group® with 679 geriatric hospitalized patients, was able to show that
78.0% of participants demonstrated a vitamin D deficiency, defined as a vitamin D serum concentration <20 ng/mL.

Given the particular characteristics of an acute care geriatric hospital department, a significant proportion of patients
are in the midst of or have recently undergone an acute-phase reaction, exhibiting inflammation and correspondingly
elevated CRP levels.

If indeed inflammation plays a substantial role in reducing vitamin D levels, it would compel us, along with others in
the field, to rethink our diagnostic approach. Hence, in pursuit of clarity, we reassessed our data, exploring the
interrelationship between CRP and vitamin D levels with the aim of confirming the findings of Duncan et al.

Methods

Participants

In this study, we performed a retrospective analysis of the dataset from Pourhassan et al (8), who originally also
retrospectively examined the 25(OH)D concentration of 679 patients regarding a possible seasonal variation in 25(OH)D
levels in frail older hospitalized patients.

The patients in that previous study were consecutively hospitalized to a geriatric acute care ward at Marien Hospital,
Herne, Germany, and the study protocol had been approved by the ethical committee of Ruhr-University Bochum (No. 16—
6001). Of that original cohort all patients with available CRP and 25(OH)D levels from the same day were included in our
analysis, encompassing the original cohort. As our focus was solely on analyzing vitamin D and CRP levels, the need for
exclusions was reduced compared to the previous study. Consequently, this accounts for the slightly larger cohort of 687
patients observed in this secondary analysis. As in the original paper, we also investigated subgroups of patients who were not
on vitamin D supplementation, those who were on supplementation and those for whom this information was not available.

Serum vitamin 25(OH)D concentrations and CRP levels
The measurement of vitamin 25(OH)D levels was conducted using an electro-chemiluminescence immunoassay (ECLIA)
on the Cobas 8000 (e602) analyzer, manufactured by Roche in Mannheim, Germany. In contrast, CRP measurements,
which were not addressed in the original study, were performed using the Cobas Pro (c503)/Cobas Pure (C303) analyzer,
also developed by Roche in Mannheim, Germany. The local laboratory is certified according to DIN ISO 9001 and internal
and external (ring tests) QC checks are three monthly done according to the guidelines of the German Medical Association.
For statistical analysis, Vitamin D Levels <3 ng/mL (lower limit of the laboratory test) were set at a level of 2.9 mg/
dl, which explains the gap in the statistical analysis and on the x-axis of the correlation graph (Figure 1).

Data analysis

The statistical analysis was performed with SPSS statistical software (SPSS Statistics for Windows, IBM Corp, Version
27.0, Armonk, NY, USA). Continuous variables are reported by their means (age and CRP) and standard deviations
(SDs) for normally distributed variables, 25(OH)D-levels, which were not normally distributed were also expressed as
P50 (P25 — P75). Categorical variables are expressed as absolute numbers and relative frequencies (%). The correlation
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Figure | Scatter plot showing the relationship of 25(OH)D and CRP.

of 25(OH)D levels compared with CRP was expressed as the Spearman correlation coefficient for the entire cohort and
for the three subgroups.

An analysis of variance (ANOVA) was performed to assess for differences in age and CRP levels between 25(OH)D
deficient patients and those with insufficient (defined as a 25(OH)D concentration below 20 ng/mL), insufficient (25(OH)
D concentration between 20 and 30 ng/mL), and normal 25(OH)D levels. A stepwise binary logistic regression model
was performed to assess the simultaneous effects of age and gender on serum 25(OH)D deficiency. A P-value of <0.05
was considered as the limit of significance.

Results

The study group comprised 687 participants, predominantly females (67.3%), with a mean age of 82.1 + 8.2 (age range
between 61 and 99 years). Of the 687 participants 504 were on no previous vitamin D supplementation, 118 were on some
kind of vitamin D supplementation and for 118 participants the supplementation status was not known. The mean 25(OH)D
serum level was 12.4 ng/mL (range, 070 ng/mL), the median value was 8 ng/mL (IQR 4—17). The proportion of vitamin
D deficiency was 77.6%, 9.9%, and 12.5%, respectively. The mean CRP-Level was 3.6 mg/dl (range 0.0-45.9 mg/dl).

The baseline characteristics of study participants stratified by different serum vitamin 25(OH)D concentrations are
shown in Table 1.

As for the ESPEN micronutrient guideline mention, that in the presence of a CRP >4.0 mg/dl, nearly all values of
vitamin D are below the reference ranges, we did a comparison of these two groups. In the 194 participants with a CRP
of >4.0 mg/dl, mean vitamin D levels were 12.9 ng/mL with a median of 8§ ng/mL, while in the 493 participants with
a CRP of 0 to 4 mg/dl, the mean vitamin D levels were 13.9 ng/mL with a median of 9 ng/mL.

The correlation analysis for the entire cohort showed a significant but weak correlation (Spearman-Rho (R) = —0.100,
Sig. (2-tailed) = 0.009) between CRP levels and vitamin D levels. In the subgroup analysis, the correlation could only be
seen in the group without previous vitamin D supplementation (N = 504, Spearman-Rho (R) = —0.133, Sig. (2-tailed) =
0.003), not in patients on supplementation (N = 118, Spearman-Rho (R) = —0.099, Sig. (2-tailed) = 0.295) or when
previous supplementation was unknown (N = 65, Spearman-Rho (R) = —0.081, Sig. (2-tailed) = 0.538).

Figure 1 presents the scatter plot analysis showing the relationship between 25(OH)D and CRP.

Adjusting for age and gender, an additional logistic regression analysis, as presented in Table 2, revealed no
significant association between Vitamin D and CRP, age, or gender.
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Table | Characteristics of Study Participants Stratified According to Different Serum 25(OH)D

Levels
All Deficiency Insufficiency Normal P
(<20 ng/mL) (20-29 ng/mL) (=30 ng/mL)

Total. N (%) 687 (100%) 533 (77.6%) 68 (9.9%) 86 (12.5%)

Female. N (%) 462 (100%) 342 (74.2%) 52 (11.3%) 67 (14.5%)

Male. N (%) 225 (100%) 190 (84.4%) 16 (7.1%) 19 (8.4%)

Age. years 81.5+83 81.2+83 824 +73 82.7 £ 8.6 0.196
CRP (mg/dl) 3.6 50 38+50 29+ 4. 3253 0.288

Abbreviation: CRP, C-reactive protein.

Table 2 Linear Regression Analysis of
Factors Associated with Serum 25(OH)

D Deficiency
Beta Coefficient | P value
CRP —-0.070 0.067
Gender | —0.947 0.344
Age 0.037 0.291

Abbreviation: CRP, C-reactive protein.

Discussion

To the best of our knowledge, there are currently only a few studies that have examined vitamin D concentration in the
context of acute inflammation.”'® Both studies reported a significant decrease in 25(OH)D levels after surgery. Other
studies reported no significant decrease in acute inflammation in malaria infection'' or myocardial infarction.'? However,
due to the nature of these conditions, the first 25(OH)D-levels in these studies were measured after the inflammatory
insults. As reported by Waldron et al® after inflammatory insult vitamin D levels decrease rapidly and persist to be low
for weeks to months before increasing again while CRP will normalize within days. Therefore, measurement of 25(OH)D
and CRP days to a few weeks after an inflammatory stimulus as is regularly the case in geriatric rehabilitation will tend to
find patients with already normalized CRP but still decreased 25(OH)D.

Young et al'? retrospectively analyzed the data of 9880 preschool children and 14,749 nonpregnant females from
nutrition surveys and correlated inflammation biomarkers with 25(OH)D concentration without finding a significant
association.

All these findings support our current practice of not adjusting for inflammation biomarkers when interpreting 25(OH)
D levels in hospitalized older patients.

In our current study, involving a retrospective analysis of nearly 700 older patients admitted to a geriatric ward, we
found no significant correlation between vitamin D levels and the degree of inflammation, as indicated by CRP levels
using linear regression analysis. And though we observed a significant correlation, using the Spearman Correlation
analysis, Spearman’s tho showed only a negligible to weak correlation (r = —0.100). The subgroup analysis showed that
correlation could only be seen in patients without previous vitamin D supplementation, but not in patients on supple-
mentation or in the group of patients where previous supplementation status was unknown.

These findings are similar to those reported by Duncan et al (r =—0.16, P <0.01), which led to the recommendation in
the ESPEN micronutrient guideline cautioning the interpretation of vitamin D levels in the presence of inflammation.

In both analyses, the one Duncan et al did and the one we did in our study the correlation coefficients show only
a very weak correlation. As the correlation coefficient (r) has no obvious interpretation, r* or the “coefficient of
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determination” is sometimes reported. The “coefficients of determination” are 0.026 (Duncan et al) and 0.01 (our study),
suggesting that only about 1 to 3% of a decrease in 25(OH)D levels can be “explained” by an increase in CRP levels.
This states the question if that is of sufficient clinical significance to warrant a recommendation of caution when
interpreting vitamin D levels in inflammation which could possibly lead to doctors not starting to supplement people with
insufficiency or deficiency in case of an elevated CRP.

As for the cohorts, some significant differences need to be addressed. In our study, the mean age of our cohort was 82
years, representing a substantially older population compared to the cohort examined by Duncan et al (mean age of 49
years). While specific details about the Duncan cohort are not provided, it is worth noting that our study group comprises
older frail patients requiring inpatient treatment or early rehabilitation, reflecting an acute care setting. Older, multi-
morbid, and notably frail patients are often underrepresented in large-scale studies,'® despite having the highest
prevalence of vitamin D deficiency and related secondary diseases.” Our study highlights the limited generalizability
of results obtained from specific cohorts to other populations. There are several potential reasons for these different
findings, including variations in study design and differences among the cohorts under investigation. Also there was no
information regarding the vitamin D supplementation status in the study by Duncan et al.

Patient-specific factors may also contribute significantly to the differences observed in study results. Older patients
exhibit heightened levels of inflammation markers. In our cohort of frail and elderly inpatients, the presence of chronic
inflammation, stemming from multimorbidity such as chronic kidney disease, heart failure, COPD, rheumatic diseases,
chronic infections, chronic wounds, and others, could have influenced the observed correlation and potentially con-
tributed to chronically elevated CRP levels."

Additionally, it is known that the immune system itself is subject to changes with age (immunosenescence). For example, it
is shown that the inflammation-associated increase in CRP is reduced in the older population.'® Suppose there was a decrease
in 25(OH)D levels in inflammation there might be a less pronounced increase in CRP accompanying this change. Or similar to
the smaller increase in the CRP concentration, there may be a less pronounced decrease of the 25(OH)D in the context of acute
inflammation in an older age compared to the changes expected at a younger age. Conversely, in cohorts with chronic diseases,
such as COPD it may also be the fact that disease severity and inflammation lead to less mobility and sun exposure and
therefore a decrease in vitamin D.'” Finally, it may also be possible that a drop in the 25(OH)D levels caused by inflammation
is less pronounced in pre-existing vitamin D insufficiency or deficiency which are both more often found in older subjects.

This study has some limitations though. First, the study was performed in a group of older hospitalized patients with
a high probability of frailty and a high burden of acute and chronic illnesses and can therefore not be generalized.
Second, our data analysis is a retrospective and not a prospective cohort analysis. Based on the available data, only
limited information was available about previous vitamin D therapy, total burden of illnesses and therefore no clear
conclusion could be drawn regarding recent inflammation eg, infections or surgery and chronic illnesses. As CRP is
a fast-reacting acute-phase marker, its levels could in some patients have already been normalized while 25(OH)D could

have still been suppressed. Other inflammatory markers (white blood count, procalcitonin or IL-6) were not available.

Conclusion

In this retrospective cross-sectional study analyzing 25(OH)D levels in 687 frail and elderly inpatients, we found no
indication for a clinically relevant association of serum-vitamin D with serum-CRP as an inflammatory marker in older
hospitalized patients. Longitudinal research is needed to elucidate a possible association and possible differences between
different types of inflammation.

Ethical Standard

The authors declare that the study procedures comply with current ethical standards for research involving human
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confidentially and all data accessed complied with relevant data protection and privacy regulations.
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