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Abstract

Introduction: There is increasing evidence concerning adverse health consequences of low vitamin D levels. We
determined whether there is any surrogate for measuring vitamin D in people older than 70 years and the relation
between index of multiple deprivation (IMD) and vitamin D levels. Methods: Blood samples from 24| patients were
included in this analysis. Concurrent measurements for 25-hydroxyvitamin D (25(OH)D), parathyroid hormone
(PTH), and bone profile are reported. Results: The prevalence of total vitamin D insufficiency/deficiency (defined as
total vitamin D <50 nmol/L) was 57.5% overall. Even for patients with vitamin D deficiency, a significant proportion
had PTH, normal calcium, phosphate, and alkaline phosphatase levels. For patients with vitamin D <25 nmol/L, 62.7%
had a PTH within reference range, 83.1% had normal serum-adjusted calcium, 80.6% had normal phosphate, and
85.1% had a normal serum alkaline phosphatase. With increasing quintiles of IMD, there was a 22% increased risk
of vitamin D deficiency/insufficiency from quintiles | to 5, in age- and sex-adjusted logistic regression models (odds
ratio [OR] = 1.22, 95% confidence interval [1.01, 1.47]; p = .034). Conclusion: No other parameter is currently
adequate for screening for vitamin D deficiency in older people. A higher IMD is associated with lower vitamin D
levels in older people.
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Introduction Tobin, 1995). Older people are prone to develop vitamin
D deficiency because of various risk factors: decreased

Vitamin D insufficiency and deficiency have been dietary intake, diminished sunlight exposure, reduced

related to a range of adverse health outcomes (Pludowski skin thickness, impaired intestinal absorption, and
eF al., 2013). In the United Kingdom, vitamin D deﬁ— impaired hydroxylation in the liver and kidneys (Holick,
ciency has generally been defined as 25-hydroxyvitamin 1995; McKenna, 1992).
D (25(0OH)D) <25 nmol/L (Hyppdnen & Power, 2007)
or <50 nmol/L (Holick et al., 2011), and insufficiency in
vitamin D has been defined as 25(OH)D between 25 and
either 50 nmol/L (Hypponen & Power, 2007) or 75
nmol/L (Holick et al., 2011). Nationwide surveys in the ;Th.e University of Manchester, UK
United Kingdom showed that >50% of the adult popula- é:;f::;&:y:mf:’s i;i‘:ja:;i Trust. UK
tion have insufficient levels of vitamin D and that 16% *Keele University, UK '
have severe deficiency during the winter and spring SWalsall Manor Hospital, UK
(Hypponen & Power, 2007; Pearce & Cheetham, 2010). Corresponding Author:

Vitamin D deficiency is associated with muscle  aqian . Heald, Salford Royal NHS Foundation Trust, B-202,
weakness (Schott & Wills, 1976) and is common in  Clinical Sciences Building, Stott Lane, Salford M6 8HD, UK.
older people (Gloth, Gundberg, Hollis, Haddad, & Email: adrian.heald@manchester.ac.uk

In a Health Service England survey of people aged
>65 years, 57% of women and 49% of men had serum
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Table I. Sample by Total 25-Hydroxyvitamin D Status According to Mayo Medical Laboratories Classification (Kennel et al.,

2010).
Vitamin D category (nmol/L)
<10 10-24.9 25.0-49.9 50-74.9 >75.0
Severe deficiency Deficiency Insufficiency Adequate Optimal
(n=128) (n=39) (n=171I) (n=69) (n=129)
% normal PTH 714 56.4 67.6 84.1 793
% normal calcium 71.4 744 78.9 92.8 93.1
% normal phosphate 82.1 79.5 91.6 91.3 93.1
% normal alkaline 89.3 82.1 80.3 84.1 86.2
phosphatase

Note. Reference ranges: PTH: 15 to 65 ng/L, calcium: 2.2 to 2.6 mmol/L, phosphate: 0.8 to 1.5 mmol/L, alkaline phosphatase: 35 to 105 IU/L

female, alkaline phosphatase: 40 to 130 IU/L male. PTH = parathyroid hormone.

25(0OH)D <50 nmol/L. Only 16% of men and 13% of
women aged >65 years had serum 25(OH)D levels >75
nmol/L. Importantly, there was no discernible improve-
ment in vitamin D status in 2005 compared with 2000
(Hirani & Primatesta, 2010).

Many investigators have estimated vitamin D sta-
tus by examining the relation between serum 25(OH)
D, which is considered to be the best estimate of vita-
min D status, and serum parathyroid hormone (PTH;
Yan et al., 2000). The concept behind these estimates
is that there is a threshold for serum 25(OH)D below
which secondary hyperparathyroidism (and bone
loss) occurs.

The serum concentration of 25(OH)D below which
PTH begins to rise has been estimated to be between 25
and 122 nmol/L (Yan et al., 2000). The wide range of
these estimates may be related to the varied ethnicity
and ages of the populations studied, variations in cal-
cium intake, the presence of illness that may affect PTH
concentrations in the elderly, renal insufficiency, and
lack of standardization of assays for 25(OH)D (Fraser &
Milan, 2013). Despite these limitations, there has been a
progressive increase in the volume of vitamin D requests
received by laboratories in the United Kingdom and
elsewhere in recent years (Kennel, Drake, & Hurley,
2010; Sattar, Welsh, Panarelli, & Forouhi, 2012;
Vogeser, 2010), with a significant number of older peo-
ple identified as having suboptimal vitamin D status
(Holick, 2007).

In the present study, we have assessed the relation
between 25(OH)D levels and biochemical markers of
calcium status in consecutive patient samples for indi-
viduals aged >70 years sent to the Salford Royal Hospital
Laboratory (Salford, UK).

Our objectives were the following:

1. To determine whether measuring PTH levels/
bone profile is sufficient to identify older patients
with vitamin D insufficiency or deficiency, or
whether vitamin D should be measured directly.

2. To assess the impact of social disadvantage on
these findings.

Material and Methods

A total of 288 serum specimens from individuals with
requests for 25(OH)D, calcium, phosphate, PTH, alka-
line phosphatase (ALP), and creatinine analyzed on the
same sample at Salford Royal Hospital were identified
retrospectively via a search of the laboratory database.
This covered the period from November 2011 to
November 2012 and represented all the older patients
referred for an assay of vitamin D.

Requests from renal wards or renal/endocrinology
outpatient locations were excluded, as were patients
with an estimated glomerular filtration rate (¢GFR) <60
mL/min. Multiple requests from the same patients were
excluded, with only the earliest specimen received
within the time period reviewed included, leaving 241
individual requests. These consisted of 49 outpatients
and 192 general practitioner (GP) surgery attendees
being screened for vitamin D deficiency; 94% were of
White European ethnicity.

Permission for this study was sought through the
Salford information governance committee and Salford
ethics committee. This is a laboratory-based study, so
we did not have access to GP records, including infor-
mation about diagnoses and medication.

Details of the subjects included in the present study
are given in Table 1. The 25(OH)D was measured via an
in-house reverse-phase ultra-performance liquid chro-
matography—tandem mass spectrometry (UPLC-MS/
MS) method following liquid—liquid extraction, which
fractionates the D2 and D3 forms, and the combined
results formed the total 25(OH)D value. The limit of
detection for both forms was 5 nmol/L. LC-MS/MS
assay precision (CV) was 13.2% for 25(OH)D2 at 42.1
nmol/L and 9.3% at 93.9 nmol/L. For 25(OH)D3, the
coefficient of variation (CV) was 11.0% at 41.7 nmol/L
and 9.9% at 95.8 nmol/L. Patients with detectable D,
levels were likely to be those on vitamin D § replacement
treatment, although this may not necessarily be the case.
Serum calcium, ALP, phosphate, albumin, creatinine,
and PTH were assayed using Roche automated chemis-
try and immunoassay platforms (Hoffmann-La Roche,
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Grenzacherstrasse 124, CH-4070 Basel, Switzerland).
We have reported serum-adjusted calcium where this
was calculated. The assay used for albumin was the bro-
mocresol green dye-binding method, and the formula
used to calculate adjusted calcium was adjusted calcium
= calcium mmol/L + 0.02 x (40 — albumin g/L).

The costs of the assays are as follows: total 25(OH)D
profile (25(0OH)D, and 25(0H)D,), £8.40 (€10.97);
bone profile (calcium, phosphate, albumin and ALP),
£4.75 (€6.21); and PTH, £2.75 (€3.59).

Samples were classified on the basis of total 25(OH)
D status as defined by the Mayo Medical Laboratories
Reference ranges (Table 1; Kennel et al., 2010). Serum
calcium, phosphate, PTH, and ALP results in each vita-
min D category were compared with those in the defined
optimal vitamin D group (=75 nmol/L).

Index of Multiple Deprivation (IMD)

The English Indices of Deprivation (Cabinet Office,
2001) combine factors of housing, social, and economic
issues to give a single deprivation score for small areas,
known as Lower Super Output Areas (LSOA) in
England. An overall weighted aggregation IMD is gen-
erated based on seven criteria, and each area is ranked
from the least to most deprived. The criteria and their
associated weightings are as follows: income depriva-
tion, 22.5%; employment deprivation, 22.5%; health
deprivation and disability, 13.5%; education, skills, and
training deprivation, 13.5%; barriers to housing and ser-
vices, 9.3%; crime, 9.3%; and living environment depri-
vation, 9.3%. The indices are a widely used standard
measure for comparing areas across the country and can
help to identify areas with high levels of overall depriva-
tion or areas with specific concerns, health for example,
that may not be recognized from the overall index. The
measures of deprivation are collected nationally and
published every 3 to 4 years; hence, data behind the
2010 IMD are for the year 2008 and as such, will not
reflect any policy changes, economic changes, or regen-
eration effects since then. In the IMD 2010, the most
deprived LSOA in England is given a rank of 1 and the
least deprived is ranked 32,482.

Each vitamin D result was aligned with an associated
postcode and linked its LSOA using the GeoConvert
tool (http://geoconvert.mimas.ac.uk). Subsequently, the
2010 IMD and rank were linked to the LSOA for the
specified postcode.

Statistical Analysis

The data were analyzed with the statistical package
“Intercooled Stata” version 12.2 (StataCorp, Texas). The
normal distribution of continuous variables was exam-
ined with Shapiro—Wilk’s test. Geometric means (95%
confidence intervals [ClIs]) are presented where the
underlying data were skewed. Comparison of means

was assessed using ¢ test or ANOVA. Chi-square test
was used to compare proportions. Correlations between
continuous variables used Spearman coefficients.

Logistic regression was used to assess associations.
Model numbers varied depending on the variables
included, with any missing values causing the partici-
pant to be dropped from the model. Not all measure-
ments were obtained on all individuals, accounting for
slight differences in the number of individuals included
in the models.

Results

Specimens were identified from 241 patients above the
age of 70 years. A full data set was available for 236
patients aged >70 years (Table 1), and 71% of the patients
referred for vitamin D testing were women. The levels of
25(OH)D3 were higher in women at 40.6 (95% CI [36.6,
45.0]) nmol/L versus 32.0 (95% CI [26.4, 38.9]) nmol/L
(F=3.75,p=.043) in men; 25 (OH)D2 levels (geometric
means) were similar in men and women.

The prevalence of total vitamin D insufficiency or
deficiency (defined as total vitamin D <50 nmol/L) was
57.5% overall, with men having a higher prevalence
than women (60.0% vs. 56.1%).

By vitamin D status, 28 patients (11.9%) had severe
vitamin D deficiency (25(OH)D < 10 nmol/L), 39
(16.5%) had vitamin D deficiency (25(OH)D 10-24.9
nmol/L), 71 (30.1%) had vitamin D insufficiency
(25(OH)D 25-49.9 nmol/L), 69 (29.2%) had adequate
vitamin D status (25(OH)D 50-74.4 nmol/L), and 29
(12.3%) had optimal vitamin status (25(OH)D > 75
nmol/L).

Geometric mean PTH levels (including those age-
adjusted) were lower in men at 43.0 (95% CI [38.3,
42.4]) ng/L versus 51.1 (95% CI [46.3, 56.4]) ng/L for
women (F=4.9,p=.01).

Relation Between PTH and 25(OH)D Levels

As expected, PTH levels rose as vitamin D levels fell:
25(0OH)D = 50 nmol/L, PTH = 58.0 ng/L; 25(OH)D =
10 nmol/L, PTH = 83.7 ng/L (F =3.4, p=.01).

Figure 1 shows the relation between mean PTH and
categorized degree of vitamin D sufficiency/deficiency,
derived by ANOVA of PTH across the categories of vita-
min D status. This showed that while there was a clear
relationship, there was significant variability in PTH
levels in each group. Furthermore, use of vitamin D lev-
els as the dependent variable in multivariate linear
regression showed that higher circulating PTH levels
were associated with lower vitamin D (normalized
B=-0.14, p=.02), independent of age (B =—0.3, p=.6);
male sex (p = —0.11, p = .003), adjusted calcium (B =
0.21, p =.002), and phosphate levels (B =—0.19, p =.006).
The relationship was insufficiently strong to allow
prediction of vitamin D levels from the PTH result.
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PTH levels by categories of total vitamin D status
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Figure |. Plot demonstrating the increase in PTH levels by
categories of decreasing total 25-hydroxyvitamin D status.
Note. Plot shows means with interquartile ranges in men and women
aged 270 years. PTH = parathyroid hormone.
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Figure 2. Plot to demonstrate no difference in calcium
levels by categories of total 25-hydroxyvitamin D status in
men and women aged >70 years.

Note. Plot shows means with interquartile ranges.

Relation Between Calcium, Phosphate and
ALP, and 25(0OH)D Levels

There was no overall trend in mean serum-adjusted cal-
cium across categories of 25(OH)D status, derived by
ANOVA of PTH across the categories of vitamin D status
(Figure 2). Similarly, for phosphate, there was no trend in
mean serum values across categories of 25(OH)D status,
nor was there any trend for ALP (data not shown).

Proportion of Individuals With Severe Vitamin
D Deficiency With Other Bone Profile
Parameters Within the Reference Range

Even for patients aged >70 years with 25(OH)D defi-
ciency, a significant proportion of patients had PTH, cal-
cium, phosphate, and ALP levels within the laboratory
reference range. Notably, for patients with 25(OH)D
<25 nmol/L, 62.7% had a normal PTH, 83.1% had nor-
mal serum calcium, 80.6% had normal phosphate, and
85.1% had a normal serum ALP (Table 1).

Analysis by IMD

Based on LSOA, the geographical area from which the
IMD is derived, derived from seven criteria, a higher

Association between risk of low vitamin D and IMD
3.0-

2.5+
2.0
1.51

Cdds Ratio

0.5-

1st 2nd 3rd 4th  5th
Qunitiles of IMD

Figure 3. Relation between IMD and risk of vitamin D
deficiency.

Note. Higher IMD is associated with a higher likelihood of vitamin D
deficiency (25-hydroxyvitamin D of <25 nmol/L). Plot shows hazard
ratio with interquartile ranges. IMD = index of multiple deprivation.

IMD by quintile (higher quintiles associated with
greater disadvantage; Cabinet Office, 2001) was associ-
ated with a greater likelihood of having a low level of
25(0OH)D (<25 nmol/L; Figure 3). There was a 22%
increased likelihood of 25(OH)D deficiency/insufti-
ciency for each increase in quintile of IMD, in age- and
sex-adjusted logistic regression models (odds ratio
[OR] =1.22,95% CI [1.01, 1.47]; p = .034).

Discussion

The majority of patients aged >70 years whom we stud-
ied did not show any aberration of bone profile or PTH
on the basis of established reference ranges in the face of
low circulating 25(OH) levels (Table 1).

The relation between higher IMD and lower vitamin
D levels is an important finding and replicates that
of Webster (2013) in a multiethnic population in
Birmingham, United Kingdom. In that study, statisti-
cally significant correlations were found between (a)
median 25(OH)D and percentage of non-White popula-
tion, (b) percentage of non-White population and IMD,
and (c) percentage of population classified as severely
deficient and IMD. The reasons for this phenomenon
are complex and relate to an interaction between envi-
ronmental, dietary, and demographic factors (Brennan
et al., 2009; Grimes, 2011).

We have demonstrated in this older persons group
that no surrogate bone marker is adequate in terms of
identifying those individuals who have vitamin D defi-
ciency. We previously reported similar findings in a gen-
eral adult population sample (Heald et al., 2015); 31%
of the older patients in this survey were included in the
analysis for the previous study.

The additional cost of measuring the serum vitamin
D must be weighed against the potential health eco-
nomic benefits of normalizing vitamin D status in those
individuals found to have suboptimal levels. The num-
ber of women tested for vitamin D insufficiency was
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higher for all categories than for men. This probably
relates to the higher prevalence of osteoporosis in
women and particularly older women, for which vitamin
D estimation is a commonly requested investigation.
Increased testing in females has been reported elsewhere
(LeBlanc, Chou, Zakher, Dacges, & Pappas, 2014). In
the United Kingdom, as in other countries with publicly
funded health care systems, screening for Vitamin D sta-
tus tends to happen more often in women than in men.

It is known that vitamin D insufficiency or deficiency
is common in older people. Of 824 people aged >70
years from 11 European countries, 36% of men and 47%
of women had wintertime serum 25(OH)D, concentra-
tion <30 nmol/L (van der Wielen et al., 1995). In relation
to this landmark article by van der Wielen et al. (1995),
we have provided further evidence that free-living older
Europeans, regardless of geographical location, are at
substantial risk of inadequate vitamin D status. The cor-
ollary is that dietary enrichment or supplementation
with vitamin D should be seriously considered in this
group given that in our study, we found 57.5% of people
overall to have low Vitamin D levels.

Vitamin D deficiency has been reported to affect pre-
dominantly the weight-bearing antigravity muscles of
the lower limb, which are necessary for postural balance
and walking (Glerup et al., 2000; Schott & Wills, 1976),
and a significant correlation between serum 25(OH)D,
concentration and the occurrence of falls in elderly peo-
ple has been reported (Stein et al., 1999). Furthermore,
supplementation for 8 weeks with vitamin D and cal-
cium in 148 elderly women with a serum 25(0H)D,
concentration <50 nmol/L resulted in a 9% decrease in
body sway and fewer falls per subject over 1 year of
follow-up as compared with calcium monotherapy
(Pfeifer et al., 2000). Thus, measurement of vitamin D
status in older people, with vitamin D supplementation
if required, should be an integral part of their ongoing
health management in primary care. In the United
Kingdom, vitamin D replacement is most simply given
with Fultium-D3 800 IU capsules at the dose of 1 to 2
capsules daily.

The degree of overlap between 95% Cls for the mean
values observed for all markers in all vitamin D catego-
ries and the numbers of people with normal bone param-
eters with 25(OH)D levels <25 nmol/L or even <10
nmol/L (Table 1) reinforces the view that none of the
less expensive markers (bone profile: calcium, phos-
phate, and ALP, cost £4.75 [€6.21]; and PTH, cost £2.75
[€3.59]) can be used as a surrogate measure of vitamin
D status (£8.40 [€10.97]). Thus, other markers of bone
metabolism are insufficient surrogates for measurement
of vitamin D when screening for vitamin D insuffi-
ciency/deficiency.

Other studies have demonstrated increased fracture
risk at 25(OH)D levels <50 nmol/L (Buchebner et al.,
2014) and increased PTH levels at 25(OH)D levels <75
nmol/L (Yan et al., 2000). Vitamin D insufficiency/defi-
ciency has been associated with numerous major disor-
ders including cardiovascular disease, type 2 diabetes,

and some forms of cancer. Consequently, we have seen
a huge increase in the demand for measurement of serum
25(OH)D levels in the United Kingdom. For example, a
sixfold increase in the workload was seen in hospitals in
London, United Kingdom, over a period of 4 years
(Sattar et al., 2012).

The strengths of this study include the significant
number of consecutive older people assessed and the use
of a single assay platform for measuring vitamin D sta-
tus. Weaknesses are that this is not a systematic popula-
tion study, with blood samples taken over a wide time
frame, so no inferences can be drawn regarding preva-
lence of vitamin D deficiency in the healthy normal
older individuals from North West England. Furthermore,
we do not know if some of these individuals were taking
over-the-counter, self-prescribed vitamin D. Finally, we
have no information for the majority of patients about
action taken in the light of the results.

In conclusion, the results presented in this report
indicate that social disadvantage is associated with a
higher likelihood of vitamin D deficiency in older
people and that none of the other available parameters
is currently adequate for screening for vitamin D defi-
ciency. Treating vitamin D deficiency, once identified,
will improve health outcomes for older people because
of the beneficial effects of Vitamin D on musculoskel-
etal and cardiovascular health.
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