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SUMMARY
Background: Many benefits are ascribed to vitamin D 
beyond its well-known effects on calcium and bone me-
tabolism. Vitamin D in adequate amounts is apparently 
beneficial to muscle, lessening the risk of falls and frac-
tures in the elderly. The elderly produce less vitamin D in 
their skin than younger persons do, and they also spend 
less time in the sun; they are therefore at greater risk of 
vitamin D deficiency. 

Methods: We used gas chromatography with mass spec-
trometry coupling to measure the 25-OH-vitamin D level of 
1578 elderly persons (72% women) who were consecu-
tively admitted to an elderly care rehabilitation facility in 
Trier, Germany, from July 2009 to March 2011. Their mean 
and median age was 82 years.

Results: 89% of the patients had 25-OH-vitamin D defi-
ciency (defined as a level below 20 ng/mL), and 67% had a 
severe deficiency (below 10 ng/mL). Only 4% had levels in 
the target range (30–60 ng/mL);  none had a level 
above 100 ng/mL.

Conclusion: Many of these patients were deficient in 
 vitamin D. Persons of very advanced age need a better 
supply of vitamin D not only to keep their bones healthy, 
but also to lessen the risk of falls and fractures. 
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D ata on vitamin D status among the elderly have 
been made available by many international 

studies (1). For example, in a British study from 2005 a 
lower vitamin D level was measured in persons aged 
over 65 years than in the general public. Patients cared 
for in care facilities had lower values than those who 
lived at home (2).

Earlier studies of the vitamin D status of the German 
population also frequently revealed low 25-OH-
 vitamin D levels. For instance, a study by the Robert 
Koch Institute (RKI) in 2008 in over 14 000 individuals 
aged between 1 and 79 years showed that overall 62% 
of boys, 64% of girls, 57% of men, and 58% of women 
had 25-OH-levels below 20 ng/mL (3). In the RKI’s 
study, vitamin D deficiency was particularly common 
in young people, particularly those from immigrant 
families, and in older women. Overall, 75% of elderly 
women aged between 65 and 79 years in this study had 
levels below 20 ng/mL, even in summer (4). A study of 
200 elderly care facility residents in Germany in 
2007/2008 showed substantial 25-OH-vitamin D defi-
ciency, with values below 10 ng/mL, in 68.3% (e1). A 
2007 study found a mean 25-OH-vitamin D level of 
14 ng/mL in 205 patients in Bonn on admission to an 
acute geriatric department (e2).

Vitamin D deficiency increases the risk of osteo -
porosis, and severe vitamin D deficiency can cause 
 osteomalacia. Osteomalacia is not easy to diagnose 
clinically or radiologically and therefore often goes un-
detected. However, a 2009 autopsy study of deceased 
individuals with clinically healthy bones found histo-
pathological signs of osteomalacia with vitamin D 
 levels below 30 ng/mL in 25% of all bone samples. By 
contrast, with vitamin D levels above 30 ng/mL there 
was no evidence of any bone alterations (5).

According to available meta-analyses from 2009, 
vitamin D deficiency can also increase the risk of falls 
and fractures (6, 7, e3).

Germany’s geographical location means that the 
body can only produce sufficient vitamin D in the skin 
from sunlight during the summer months; in autumn 
and winter, very little vitamin D synthesis occurs (8). 
Elderly persons usually spend less time in the sun than 
younger people, and in addition sun exposure should be 
limited due to the risk of skin cancer (9).Geriatrische Rehabilitationsklinik St. Irminen, Trier: Dr. med. Schilling
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In order to examine the vitamin D supply of elderly 
patients in Germany, the vitamin D levels of patients of 
a geriatric rehabilitation facility were tested on admis-
sion. Also of interest was whether there was a differ-
ence between geriatric patients’ vitamin D supply in the 
darker and in the brighter half of the year. Vitamin D 
supply is becoming more and more important as a re-
sult of demographic changes and the resulting increase 
in the proportion of elderly people in the population.

Method
Between July 2009 and March 2011, the serum 25-OH-
vitamin D levels of a total of 1578 patients consecu-
tively admitted to the St. Irminen Geriatric Rehabili-
tation Facility in Trier, Germany, were measured 
 following admission examinations. With only a few 
 exceptions, all patients admitted during this period 
were tested (blood was generally taken on the working 
day following admission). 25-OH-vitamin D levels 
were measured using gas chromatography with mass 
spectrometry coupling; the AB Sciex QTRAPTM 
 LC-MS/MS System for platforms 3200 and 4000; 
 linear measurement accuracy 4 to 100 ng/mL 25-OH-
vitamin D.

72% of patients were women, 28% men, and the 
mean and median age was 82 years. Ages ranged from 
46 to 105 years. No data were gathered on any vitamin 
D supplements taken before admission. Such data 
would have been very prone to errors, due to the com-
mon problem with medication histories relating to the 
vitamin D supplements that are freely available from 
pharmacies, drug stores, supermarkets, and online 
stores, and would therefore have provided very little in-
formation.

Most patients attended the rehabilitation facility 
after hospital treatment for typical geriatric illnesses 
(e.g. fractures, elective joint replacement, apoplexy, 
multiple morbidity). 95% of them had lived at home 
before acute hospital treatment and rehabilitation; 5% 
had previously been receiving care in a residential care 
home.

25-OH-vitamin D levels are usually stated in ng/mL 
or the SI unit nmol/L in the literature (for conver-
sion: ng/mL × 2.5 = nmol/L). 1 µg vitamin D3 intake 
with food corresponds to 40 IU.

Unfortunately, as yet there is no universally accepted 
method for classifying vitamin D levels. Severe defi-
ciency of below 10 ng/mL poses a risk of osteomalacia, 
and a level of at least 20 ng/mL is required for physio-
logical bone metabolism (5, 10, e4). However, com-
plete resolution of hyperparathyroidism secondary to 
vitamin D deficiency (10) and the bone alterations typi-
cal of osteomalacia (5) does not occur until levels 
above 30 ng/mL are reached. This region is therefore 
usually seen as “optimum.” However, in 2010 the US 
Institute of Medicine (IOM) declared even a 25-
 OH-vitamin D level above 20 ng/mL sufficient for bone 
health (11). I have therefore used both boundary values 
for evaluation. Toxicity reactions to high 25-OH-
 vitamin D levels usually occur only at levels above 
150 ng/mL (1), and the maximum 25-OH-vitamin D 
level to prevent toxicity reactions has been established 
at 100 ng/mL, with an additional safety margin. Current 
knowledge indicates that an upper limit of 60 ng/mL 
should not be exceeded, as in various epidemiological 
studies adverse effects have been observed both with 
very low 25-OH-vitamin D values and with high valu-
es. A study with an increase in overall mortality yielded 
such a U-shaped relationship both with high 25-OH-
vitamin D levels, above 60 ng/mL and with low levels, 
below 30 ng/mL (e5). The interval between 30 and 
60 ng/mL 25-OH-vitamin D was therefore defined as 
“optimum” for this research (Table 1).

Results
The mean 25-OH-vitamin D level for all 1578 patients 
was 10.2 ng/mL (range 1 to 77 ng/mL; median 8 ng/
mL). There was no difference between the mean for 
women and for men. The median for women was 8 ng/
mL, and for men 7 ng/mL. In the few patients under 
60 years of age (n = 19), the mean was 13.84 ng/mL, 
and the corresponding value for those aged over 90 (n = 
104) was 8.63 ng/mL. The largest groups were those 
consisting of patients aged between 71 and 80 years (n 
= 501), the mean for which was 10.48 ng/mL, and of 
patients aged between 81 and 90 years (n = 881), the 
mean for which was 10.36 ng/mL (Table 2).

Overall, 89% of patients were deficient in 25-OH-
vitamin D, with values below 20 ng/mL, and 96% of 
the measured values were below a limit of 30 ng/mL. 
Severe 25-OH-vitamin D deficiency below 10 ng/mL 
was identified in 67% of patients. Only 4% of all 
measured values lay in the target region of 30 to 60 ng/
mL, three values (<1%) were between 60 and 100 ng/
mL, and no individual measurements were in the toxic 
region of above 100 ng/mL. The highest measured 
value was 77 ng/mL (Figure).

In contrast to the variations seen between the 
 brighter and the darker halves of the year in younger 
people (3), in our geriatric patients vitamin D levels 
were almost unaffected by the time of year. The maxi-
mum mean level over six months was 10.71 ng/mL in 
the brighter six months of 2010, and the minimum 
mean level was 9.29 ng/mL in the darker six months of 
2010/2011 (Table 2).

TABLE 1

Classification of 25-OH-vitamin D levels  
(according to 1, 5, 10–13, e3, e4)

25-OH-vitamin D (ng/mL)

Toxic

Optimum

Suboptimum

Moderate deficiency

Severe deficiency

>100

31 to 60

21 to 30 

11 to 20 

≤10 
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Discussion
Vitamin D has well-known effects on bone and calcium 
metabolism, with a protective or therapeutic effect 
against osteoporosis and osteomalacia (5, 14).

However, vitamin D receptors are also found in the 
cells of many other organ systems. There is thus a large 
amount of epidemiological evidence of a possible 
 positive effect of vitamin D on immune status (15, 16), 
cardiovascular diseases (17, 18), many tumor diseases 
(9, e6, e7), multiple sclerosis (19), and many other ill-
nesses (1, e8, e9). As yet, though, there are no prospec-
tive, randomized, placebo-controlled, double-blind 
studies on this potential additional effect of vitamin D, 
besides its effect on the bones and muscles. Even the 
difficulty in quantifying individual levels of UV expo-
sure and possible supplementary vitamin D intake 
make it hard to conduct such studies.

In addition to the effect on bone metabolism, in older 
patients the potential decrease in the risk of falls and 
fractures resulting from an adequate vitamin D supply 
is also important (6, 7, e3). This concerns not only 
 direct effects on the bones but also effects on muscle 
strength and the neuromuscular system (20). For 
example, speed of walking increases when vitamin D 
supply is sufficient (21). According to two 2009 meta-
analyses of the randomized controlled trials on the sub-
ject “falls and fractures” conducted up to that time, 
when vitamin D supply is adequate there is a 19% 
relative risk reduction for falling (overall risk of falling 
in the control group: 54.9%) (6), an 18% relative risk 

reduction for hip fracture (overall risk of hip fracture in 
the control group: 3.2%), and a 20% relative risk reduc-
tion for any non-vertebral fracture (overall risk of frac-
ture in the control group: 5.4%) (e3). However, the 
meta-analyses showed a reduction in falls only for 
25-OH-vitamin D levels above 24 ng/mL (6, 20), and a 
reduction in fractures only above 30 ng/mL (e3). The 
dosing of vitamin D supplements seems to play a role 
in its effect on the frequency of falls: According to a 
paper from 2010, a single dose of 500 000 IU/year 
 actually led to an increase in the rate of falls and frac-
tures in women aged over 70 years in the first few 
months following administration (22). The optimum 
doses and dosing intervals for reducing falls and frac-
tures should be further clarified by future research.

As a rule, elderly people spend less time in the sun, 
and older skin has significantly less capacity to syn-
thesize vitamin D from sunlight than the skin of 
younger people (23). Increased vitamin D production 
from sunlight is therefore not a realistic option for most 
geriatric patients. This is also demonstrated by the data 
showing that, unlike younger people with equivalent 
sun exposure during the summer, in the elderly there is 
clearly almost no increase in vitamin D levels during 
the summer months. Food contains only low concen-
trations of vitamin D, so an adequate vitamin D supply 
from food alone is almost impossible (24). 

The study showed significant vitamin D deficiency; 
89% of patients had 25-OH-vitamin D levels below 
20 ng/mL. However, this is not a representative study 

TABLE 2

Distribution of 25-OH-vitamin D levels

Overall data on 25-OH-vitamin D levels, July 2009 to March 2011

Total

Women

Men

Distribution of 25-OH-vitamin D levels by age, July 2009 to March 2011

Age <60 years

Age 61–70 years

Age 71–80 years

Age 81–90 years

Age >90 years

Seasonal data on 25-OH-vitamin D levels, July 2009 to March 2011

Summer ’09 (July to October)

Winter ’09/’10 (November to April)

Summer ’10 (May to October)

Winter ’10/’11 (November to March)

n

1578 (100%)

1131 (72%)

 447 (28%)

 19 (1.2%)

 73 (4.6%)

501 (31.7%)

881 (55.8%)

104 (6.6%)

n

 70

517

598

393

Mean,  
ng/mL

10.2

10.2

10.2

13.84

 8.96

10.48

10.36

 8.63

Mean, 
ng/mL

10.9

10.3

10.7

 9.29

Standard 
 deviation

8.66

8.74

8.45

Standard 
 deviation

7.23

8.89

8.95

8.06

Median,  
ng/mL

8

7

8

Median,  
ng/mL

8

7

8

7

Maximum 
ng/mL

77

77

64

Maximum 
ng/mL

33

53

64

77

Minimum  
ng/mL

1

1

2

Minimum  
ng/mL

1

2

2

2
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of Germany’s elderly population, as data were obtained 
from patients of a geriatric rehabilitation facility in 
Trier with multiple morbidities, most of whom had pre-
viously received acute hospital treatment.

In an earlier study by the RKI in 1996, values below 
20 ng/mL were obtained in 75% of women aged 
 between 65 and 79 years (3). Another study of care fa-
cility residents found levels below 10 ng/mL in 68.3% 
of individuals (e1); the corresponding figure for pa-
tients in the present study was 67% with levels below 
10 ng/mL. In acute geriatric patients, the mean level 
measured in another study was 14 ng/mL (e2), only 
slightly above the 10.2 ng/mL of the patients in the 
present study.

In view of how common vitamin D deficiency is in 
the elderly, the question arises of whether or not this 
has any clinical significance. The effects of vitamin D 
on bones and muscles are indisputable, and problems 
such as muscle weakness and pain in the musculo -
skeletal system, which are often seen as age-related, 
may also be partly caused by the frequent vitamin D 
deficiency in old age. This possible relationship should 
also be further investigated in the future, by studies 
with the potential to yield useful information.

Approximately 95% of the patients investigated in 
this study still lived at home before hospital admission, 
and only a small number were receiving care in a care 
home before their acute treatment and rehabilitation. 
This means that, in contrast to earlier assumptions, not 
only care home residents but also, according to these 
data, elderly patients admitted to geriatric rehabilitation 
facilities following acute hospital treatment comprise a 
high-risk group for vitamin D deficiency. Vitamin D le-
vels may also have fallen somewhat prior to admission 
to the rehabilitation facility, as a result of patients’ acute 
hospital treatment and associated lack of sun exposure.

At the facility involved in the study, patients defi-
cient in vitamin D received a load dose, usually 
20 000 IU, over ten days, and regular 20 000 IU 
 vitamin D supplements were then recommended, 
 between once a week and once a month depending on 
baseline vitamin D levels. The dose needed for an ad-
equate increase in vitamin D levels was significantly 
higher than the 400 IU/day vitamin D for the elderly 
recommended by the German Nutrition Society (DGE, 
Deutsche Gesellschaft für Ernährung), for example. 
The 2009 guidelines of Germany’s Osteology Umbrella 
Organization (Dachverband Osteologie, www.dv-osteo
logie.de) recommend a daily 2000 IU vitamin D 
supplement for patients with osteoporosis. In 2010 the 
US Institute of Medicine (IOM) recommended a daily 
intake of 800 IU vitamin D for persons aged over 
70 years whose 25-OH-vitamin D levels have not been 
measured. The maximum daily dose given for this age 
group is 4000 IU (11).

A daily dose of 100 IU vitamin D results in a long-
term increase in vitamin D levels of only approximately 
1 ng/mL. This means that the daily intake of 400 IU 
currently recommended by the DGE would result in an 
increase of only approximately 4 ng/mL; with a mean 
like the value of 10.2 ng/mL found in this study, the tar-
get region of 30 to 60 ng/mL would remain some way 
off, and even the 20 ng/mL minimum level recom-
mended by the IOM in 2010 would be hard to achieve.

Naturally, contraindications of vitamin D adminis-
tration such as pre-existing hypercalcemia, primary 
 hyperparathyroidism, sarcoidosis, and others must be 
taken into account. In the facility involved in this study, 
routine electrolyte testing did not reveal any hypercal-
cemia or other significant side effects caused by vit-
amin D during the patients’ hospital stays, which lasted 
an average of 22 days. However, as a safety precaution, 
calcium levels should be tested at regular intervals 
 during treatment with vitamin D supplements. These 
vitamin D supplements are very cost-effective: Even 
administration of 20 000 IU every ten days 
 (corresponding to a daily dose of 2000 IU) gives rise to 
an annual treatment cost of only some 15 euros at 
 current prices.

Determining 25-OH-vitamin D levels, however, is 
relatively expensive. Outpatients must usually pay for 
this themselves (current price according to the 
 German medical fees schedule [GOÄ, Gebührenord-
nung für Ärzte]: 27.98 euros). As more than 90% of all 
geriatric patients in this study had 25-OH-vitamin D 
levels below 30 ng/mL, and no measured levels were 
in the toxic range, the option of administering vitamin 
D to this group of patients even without first 
 determining vitamin D levels should be considered. 
Whether there is a difference in the effects of an initial 
load dose following measurement of vitamin D levels 
and administration of vitamin D, for example, at the 
dose of 800 IU/day currently recommended by the 
IOM, on bone health, for example, or on the rate of 
falls and fracture rates, should be further clarified by 
future studies.

FIGURE

25-OH-vitamin D levels
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Conclusion
Vitamin D deficiency is very common among 
 Germany’s elderly population. In 96% of the patients of 
a geriatric rehabilitation facility, the values measured 
were below the target region of 30 to 60 ng/mL 25-
 OH-vitamin D. This alarming figure is particularly 
 important for health policy because of demographic 
changes. Adequate vitamin D levels are required for 
 effective bone metabolism, and there is also a large 
amount of evidence that a good vitamin D supply in 
elderly patients can also reduce the frequency of falls 
and fractures. An adequate vitamin D supply is there-
fore very desirable for the elderly population. As it is 
currently almost impossible to obtain sufficient vitamin 
D intake from food alone in Germany, vitamin D 
supplements should be used to boost vitamin D supply, 
particularly for the elderly, in addition to the natural 
source of vitamin D, which is moderate sun exposure. 
The most recent recommendations currently available 
date from 2010 and were issued by the US IOM. They 
recommend a daily intake of 800 IU vitamin D for 
those aged over 70 years, and a daily maximum dose 
for this age group of 4000 IU.
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KEY MESSAGES

● Vitamin D plays a substantial role not only in bone 
 metabolism: There are also vitamin D receptors in the 
muscles and many other organs and tissues of the 
body.

● An adequate vitamin D supply cannot be obtained from 
food alone; in addition, vitamin D synthesis in the skin is 
seldom sufficient to achieve adequate vitamin D levels 
in elderly patients.

● 96% of the patients of a German geriatric rehabilitation 
facility were found to have 25-OH-vitamin D levels 
below the target region of 30 to 60 ng/mL. 67% had very 
low levels, below 10 ng/mL.

● Those aged over 70 years are therefore advised to take 
a daily supplement of 800 IU vitamin D, according to the 
recommendations of the Institute of Medicine.

● Measurement of 25-OH-vitamin D levels followed by 
higher doses for a short period should be considered in 
order to restore adequate vitamin D levels swiftly when 
they are very low.

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2012; 109(3): 33–8 37



38 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2012; 109(3): XXX–XX

M E D I C I N E

speed measured at usual and fast pace among older women: the 
EPIDOS study. J Bone Miner Res 2010; 25: 1858–66.

22.  Sanders KM, et al.: Annual high-dose oral vitamin D and falls and 
fractures in older woman. JAMA 2010; 303: 1185–22.

23.  Trémezaygues L, Reichrath J: Zur Bedeutung des Vitamin Stoff-
wechsels in der humanen Haut. Hautarzt 2010; 61: 478–86.

24.  Max Rubner-Institut: Nationale Verzehrsstudie II. Ergebnisbericht, 
Teil 2. Karlsruhe (2008); www.was-esse-ich.de/uploads/media/
NVSII_Abschlussbericht_Teil_2.pdf.

Corresponding author 
Dr. med. Stefan Schilling 
Facharzt für Innere Medizin/Geriatrie, Geriatrische Klinik St. Irminen Trier 
Krahnenufer 19, 54290 Trier, Germany 
 s.schilling@vereinigtehospitien.de

@ For eReferences please refer to: 
www.aerzteblatt-intenational.de/ref0312

38 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2012; 109(3): 33–8



Deutsches Ärzteblatt International | Dtsch Arztebl Int 2012; 109(3): XXX–XX 7

M E D I C I N E

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2012; 109(3) | Schilling: eReferences I

ORIGINAL ARTICLE

Epidemic Vitamin D Deficiency 
Among Patients in an Elderly Care 
Rehabilitation Facility
Stefan Schilling

eReferences

e1.  Kaiser R, et al.: Ernährungszustand und Funktionalität von 
 Pflegeheimbewohnern – eine Longitudinalstudie – www.geriatrie-
nuernberg.de/index.php?id=90

e2.  Saeglitz C: Mangelernährung bei geriatrischen Patienten im 
 Krankenhaus – Prävalenz, mögliche Ursachen, übliche Therapie 
und prognostische Bedeutung. http://hss.ulb.uni-bonn.de/2007/ 
1150/1150.pdf

e3.  Bischoff-Ferrari HA, Willett WC, Wong JB, et al.: Prevention of 
nonvertebral fractures with oral Vitamin D and dose dependency. 
A meta-analysis of randomized controlled trials. Arch Intern Med 
2009; 116: 551–60.

e4.  Bernecker PM: Osteomalazie und Rachitis. Wiener Med Wochenschr 
2004; 154: 102–6.

e5.  Melamed Ml, Michos ED, Post W, et al.: 25-hydroxyvitamin D 
 levels and the risk of mortality in the general population.  
Arch Intern Med 2008; 168: 1629–37.

e6.  Garland CF, French CB, Baggerly LL, Heaney RP: Vitamin D 
 supplement doses and serum 25-Hydroxyvitamin D in the range 
associated with cancer prevention. Anticancer Research 2011; 
31: 617–22. 

e7.  Jenab M, Bueno-de-Mesquita HB, Ferrari P, et al.: Association be-
tween pre-diagnostic circulating vitamin D concentration and risk 
of colorectal cancer in European populations: a nested 
 case-control study. BMJ 2010; 340: b5500.

e8.  Hutchinson MS, Grimnes G, Joakimsen RM, et al.: Low serum 
25-hydroxyvitamin D levels are associated with increased 
 all-cause mortality risk in a general population. The Tromsø study. 
Eur J Endocrinol 2010; 162: 935–42.

e9.  Ginde AA, Scragg R, Schwartz RS, et al.: Prospective study of 
 serum 25-hydroxyvitamin D level, cardiovascular disease mortality, 
and all-cause mortality in older U.S. adults. J Am Geriatr Soc 
2009; 57: 1595–603.




