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ABSTR ACT: Vitamin D deficiency and insufficiency may further increase fracture risk in patients with decreased bone mineral density. A cross-
sectional study on serum vitamin D concentrations in medical inpatients was conducted at Bassetlaw District General Hospital between April 
2014 and January 2015 (10 months), and the relationship of serum vitamin D concentrations with calcium and alkaline phosphatase was evaluated. 
25-Hydroxyvitamin D immunoassays were used and analyzed in the local laboratory. The total number of patients analyzed was 200, age range 
18–99 years, with mean age of 76 years. The most common presentation was found to be fall/collapse. The following cutoff points for serum vitamin D 
were used: levels #30 nmol/L for severe deficiency, .30–50 nmol/L for moderate deficiency, .50–75 nmol/L for mild deficiency, and anything above 
75 nmol/L as normal. Of the 209 participants examined, 78 (37.3%) participants had mild vitamin D deficiency, 54 (25.8%) participants had moderate 
vitamin D deficiency, 68 (32.5%) participants had severe vitamin D deficiency, and 9 (4.3%) participants with low vitamin D levels died during their 
admission. Of the 122 moderate/severe patients, 70 (57.4%) patients had their vitamin D deficiency treated, according to local Trust guidelines. The 
study found no relationship between serum calcium levels and vitamin D deficiency, whereas patients’ alkaline phosphatase levels were found to be 
higher with increased severity of vitamin D deficiency. The study examined the implications of untreated severe/moderate vitamin D deficiency com-
pared to treated deficiency, in terms of the frequency of readmission with similar complaints. It was found that the rate of readmission within one year 
in patients who were not treated was 57%, compared to 48% in patients whose vitamin D deficiency was treated. Presenting after falls was a recurring 
theme. It was concluded that even if moderate vitamin D deficiency can be asymptomatic, it is important to correct it as it can have an impact on mor-
bidity and readmission rates in the long term.
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Introduction
Vitamin D plays an important role in bone mineral regulation 
and bone health. Deficiency of vitamin D, which manifests as 
bone disease, is characterized by impaired bone mineraliza-
tion. In recent years, the term insufficiency has been used to 
describe low levels of serum vitamin D that may be associated 
with other disease outcomes.1

Interest in vitamin D deficiency is driven by its com-
mon occurrence and its wide range of effects. Sun exposure 
is responsible for the conversion of vitamin D to active form, 
and it is also obtained from dietary sources. People at risk 
of deficiency are those with poor nutritional intake, insuffi-
cient exposure to sun, and/or defective intestinal absorption. 
Daily intake of vitamin D in the general population does 
not often meet the level needed to maintain optimum Vita-
min D concentrations. Deficient patients are often offered 

supplements, but clinicians may be unsure of the optimal dose 
and how best to monitor the therapy.

Vitamin D deficiency leads to decreased intestinal 
absorption of calcium, which further leads to increased bone 
turnover, resulting in secondary hyperparathyroidism. It has 
been shown that vitamin D supplementation helps to decrease 
the number of reported falls in elderly populations and to 
improve muscle strength and prevent fragility fractures as a 
consequence of the falls.2 Therefore, patients who are at risk of 
falls and known to have fragility fractures should be investi-
gated for vitamin D deficiency.3

Clinicians should routinely test for vitamin D deficiency 
in patients who present with symptoms of generalized weak-
ness, muscle aches, and other musculoskeletal complaints, 
as these are often misdiagnosed as chronic fatigue, depres-
sion, fibromyalgia, etc.4 Some studies have established that 
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80%–90% of individuals with musculoskeletal pain and 
weakness are vitamin D deficient.5 Moreover, low levels of 
vitamin  D can indicate poor general nutritional status in a 
patient, or secondary or chronic illness, and hence decreased 
outdoor activities. In such individuals, a placebo-controlled 
trial showed that vitamin D supplementation does not improve 
symptom control, as various other factors are in play.6 This 
study has tried to explore the relationship between vitamin D 
and other variables, such as levels of alkaline phosphatase and 
serum calcium, and the impact of vitamin D deficiency on 
elderly patients’ morbid status and their readmission rates in 
Bassetlaw Hospital, UK, which has 300 beds in the district 
general hospital. Each year, the hospital treats around 33,000 
patients along with 38,000 emergencies in the A&E Depart-
ment, thereby exploring whether treating moderate to severe 
vitamin D deficiency would decrease the rate of their readmis-
sions with recurring presenting complaints.

Aim
The aim of the study was to determine vitamin D deficiency 
in at-risk elderly inpatients in medical wards in Bassetlaw 
Hospital, UK, by measuring blood serum levels and studying 
the relationship with serum calcium and alkaline phosphatase 
levels. We also examined the consequences of untreated severe 
vitamin D deficiency compared to treated deficiency.

Methods
Retrospective data were collected from a random cross-
sectional sample of 209 patients admitted to the medical 
wards who had their vitamin D levels checked over a period 
of 10 months between April 2014 and January 2015. The data 
collected specifically included age, sex, sample day, laboratory 
number, location, specific identifier number, vitamin D levels 
grouped according to their severity, corrected calcium levels, 
alkaline phosphatase levels, if treated or not, reason for admis-
sion, diagnosis, number of readmissions in the following year, 
and reason for readmissions. Random selection was used to 
yield a patient sample population treated by different medi-
cal subspecialties, such as gastroenterology, endocrinology, 
stroke rehabilitation, and general medical wards. The research 
was exempted from Research Ethics Committee review as it 
comprised a secondary use of anonymized data previously col-
lected in the course of normal care.

An Excel spreadsheet was created to ensure concise data 
collection. Each junior doctor collected approximately 50 sets of 
data, and a total of 200 completed datasets and results were ana-
lyzed. Quantitative methodology was employed, and the data 
were further examined using a correlational statistical analysis.

Patients whose blood levels of vitamin D, calcium, 
and alkaline phosphatase had been measured were iden-
tified with the help of a list obtained from pathology 
(biochemistry laboratory), and an electronic order request sys-
tem was used to retrieve the biochemical data. Results were 
reviewed, and patients were categorized as having adequate 

levels (.75  nmol/L), mild deficiency (50–73  nmol/L), 
moderate deficiency (30–50  nmol/L), and severe deficiency 
(,30  nmol/L). Treatment given was identified by using 
E-Prescribing and Medicines Administration, the adminis-
tration charts and medication prescribed on the system. Dis-
charge letters and rates of readmission over the next year were 
reviewed using the same system as described earlier.

Results
The total number of patients was 200, of which 62% were 
female. The average age was 76 years. Patient demographics 
are further outlined in Figure 1.

Of the 209 participants (Fig. 2), 37.3% had mild vitamin D 
deficiency, 25.8% had moderate vitamin D deficiency, and 
32.5% had severe vitamin D deficiency. The final results 
exclude 4.3% who died during their admission. Furthermore, 
57.4% of the moderate/severe patients had their vitamin D 
deficiency treated, according to local Trust guidelines.

Mann–Whitney U test was applied to compare the data, 
and no relationship was identified between vitamin D defi-
ciency and serum calcium levels. One finding of note was that 
serum alkaline phosphatase level rose with the severity of vita-
min D deficiency as depicted in Figures 3 and 4.

The most common presenting complaint in patients 
with moderate/severe vitamin D deficiency was found to be 
falls/collapse. Other common presentations are outlined in 
Figures 5 and 6 in their descending order.

Of patients who were not treated for their vitamin D 
deficiencies, 57% were readmitted over the next year, whereas 
the rate of readmission in patients treated was found to be 
48%, with falls as a recurring theme for readmissions. Besides 
falls being the most common presentation, other reasons for 
admission identified was patients being generally unwell as the 
second commonest in severe deficiency and confusion in mod-
erate. Respiratory causes were mainly lower respiratory tract 
infection or infective exacerbations of underlying lung disease. 
Cardiological causes were mainly chest pains-ACS, bradyar-
rythmias, or tachyarrythmias.

Figure 1. Patient demographics.
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Discussion
Subclinical vitamin D deficiency or vitamin D insufficiency is 
common and is defined as a lower than normal vitamin D level 
that has no visible signs or symptoms. However, vitamin D 
insufficiency is often associated with a reduced bone density 
(osteopenia or osteoporosis) in some cases a mild decrease 
in the blood calcium level, an elevated parathyroid hormone 
(which accelerates bone resorption), and an increased risk of 
falls, all of which can seriously affect a person’s quality of life.7 
Thus, identifying and treating vitamin D insufficiency or defi-
ciency is important to maintain bone strength. Treatment may 
even improve the health of other body systems, such as the 
immune, muscular, and cardiovascular systems, although more 
research is needed in these areas.

In view of the above findings revealed by this study, it 
may be warranted to check vitamin D levels in patients with 
raised alkaline phosphatase. No relationship was identified 
between vitamin D deficiency and serum calcium levels, 
a finding consistent with a recent study by Ferreira et al.8 
According to some studies, adverse effects of low vitamin D 

levels are seen below 50 nmol/L,9 whereas a higher threshold 
was suggested by other studies. One such study conducted by 
Lips10 has classed levels between 50 and 25 nmol/L as insuf-
ficiency, whereas levels below 25 nmol/L would be classed as 
deficiency. Proximal myopathy and increased bone turnover 
may be found in levels between 25 and 12 nmol/L,11 whereas 
in osteomalacia, levels can be below 10 and 12 nmol/L.12

There is a lack of research on the topic of what levels 
of vitamin D should be classed as low. Plasma vitamin D 
levels often reflect a lifestyle of indoor or outdoor activities 
or geographical variations in terms of sun exposure rather 
than an average vitamin D status. However, it is seen that 
as age advances, dermal vitamin D production decreases.13 In 
a study by Thacher and Clarke,14 it was argued whether the 
threshold levels for serum vitamin D should be lowered, and 
it was found that levels are generally lower in people who have 
experienced a fracture.

Figure 2. Severity of vitamin D deficiency. Figure 4. Vitamin D and alkaline phosphatase levels.

Figure 3. Vitamin D deficiency and corrected calcium levels.
Note: Pts is used as an abbreviation for patients in this and subsequent figures.
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1
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12
6
5
4
4
4
3
3
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1
3
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AKI
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Confusion
Respiratory
Alcohol related
Cardiology
Infection
Malignancy
Nausea/vomiting
Cellulitis

Trauma
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Grand total

(n = 68 admissions)
Results: severe deficiency patients

Figure 5. Reasons for admission in severe vitamin D deficiency patients.
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A survey performed in 2001 by Lips,15 in various loca-
tions including the USA, Australia, Europe, and others, 
found vitamin D insufficiency to be frequent among elderly 
institutionalized patients. Patients living in nursing homes 
and care homes for the elderly, according to the study, “had 
plasma 25OHD levels of 9–37  nmol/L in Europe com-
pared with 53–45 nmol/L in the USA and 26–40 nmol/L in 
Australia. Geriatric patients had mean levels of 3–29 nmol/L 
in Europe compared with 45–71  nmol/L in the USA.”16 
In this study with medical inpatients, where the average age 
of the patients was 76 years, 58.3% of patients had levels lower 
than 50 nmol/L, of which 32.5% had levels between 3  and 
29 nmol/L.

It was found in an Australian cross-sectional study that 
falls risk in the elderly was directly proportional to vitamin D 
status;17 treatment improved myopathy but did not improve 
the muscle strength.18 It is obvious that vitamin D deficiency 
leads to muscle weakness and impaired muscle function, 
which is reversible with vitamin D supplementation.19 In this 
study, it was identified that patients with moderate and severe 
vitamin D deficiency treated with 100,000 units of colecal-
ciferol per month for three months and then daily supple-
mentation onward at a lower dose had a readmission rate of 
9 percentage points lower than that of patients who were not 
treated for vitamin D deficiency. The most recurring reason for 
readmission was found to be falls in the untreated group. For 
those whose vitamin D deficiency was treated, most readmis-
sions were attributed to other comorbidities. It was established 
by a meta-analysis on the effect of vitamin D and its relation-
ship to falls that vitamin D supplementation reduces the 
risk of falls by 20% in older individuals with stable health.20 
Hence it can be concluded that even if moderate vitamin D 
deficiency can be asymptomatic, it is important to correct it as 
it can have an important impact on morbidity and readmission 
rates in the long term. This study has tried to establish the 

rate of readmissions for untreated vitamin D deficiency versus 
treated in medical inpatients in UK, and we have established 
two important things that raised alkaline phosphatase in 
elderly should trigger checking their vitamin D levels and that 
treated vitamin D deficiency would help reducing the number 
of readmissions in elderly with falls. Impact on readmission of 
corrected vitamin D deficiency versus untreated over a longer 
period can be evaluated in future studies.
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