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Abstract
Purpose We investigated the impact of different cut-offs on
the prevalence of 25-hydroxyvitamin D [25-(OH)D]
deficiency.
Methods We used baseline data of 4149 participants
(45–75 years, 50% women) of the population-based Heinz
Nixdorf Recall study. Serum 25-(OH)D was measured with
the Roche Cobas assay. Quartiles (p25, p50, and p75) were
calculated. Data were stratified by months, sex, and age.
According to the recommendations of ‘Dachverband
Osteologie’, Endocrine Society and National Institute of
Health we used 25-(OH)D thresholds of 12, 20, and 30 ng/
ml to estimate vitamin D deficiency.
Results Overall the median of 25-(OH)D was 19.8 ng/ml
(p25= 14.4 ng/ml, p75= 26.6 ng/ml), with highest con-
centrations in July (p50= 23.8 ng/ml, p25= 18.2 ng/ml,
and p75= 31.2 ng/ml) and lowest in March (p50= 15.8 ng/
ml, p25= 11.5 ng/ml, and p75= 20.6 ng/ml). Prevalence of
vitamin D deficiency rose from 16, 51 up to 83% using the
cut-offs of <12, <20 ng/ml, and <30 ng/ml, respectively.
With respect to seasonal variance, prevalence of vitamin D
deficiency rose to 92% in February/March using the cut-off
<30 ng/ml (<12: 28%, <20 ng/ml: 71%) whereas in June/
July prevalence of vitamin D deficiency decreased to 71%

(<12: 6%, <20 ng/ml: 30%). The chance to attest the
diagnosis of vitamin D deficiency for cut-off 12 ng/ml in
March is 6.4-fold higher than in June, for cut-off 20 ng/ml,
5.5-fold higher and for cut-off 30 ng/ml, 3.1-fold higher.
Conclusions Guidelines to define vitamin D deficiency
revealed extremely different prevalence rates ranging
between 6 and 92%. Accounting for collection time and
antecedent sun exposure are important to reduce bias in
research studies and improve decision-making in clinical
care. Vitamin D thresholds have to be rethought.
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Introduction

Vitamin D deficiency is assumed to be very prevalent. In
Europe and the U.S., the prevalence of vitamin D deficiency
varies between 14 and 100% [1, 2]. Vitamin D is important
for many metabolic pathways and different health out-
comes, and the physiology of vitamin D is very complex.
Most of the body’s vitamin D (80–90%) is produced
endogenously, if sun exposure is adequate, and only
10–20% is absorbed by ingestion [3]. Endogenous vitamin
D3 or cholecalciferol production involves cutaneous
synthesis in response to ultraviolet B rays of sunlight. The
time needed to produce adequate vitamin D3 in the skin
depends on the strength of the ultraviolet B rays, length of
time spent in the sun, and the amount of pigment in the skin
[4]. Thus, serum concentrations of vitamin D vary sub-
stantially during the seasons, reaching a peak 30–60 days
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after maximal sunlight exposure in the summer months and
being lowest at the end of winter [5, 6].

Vitamin D3 of the skin is hydroxylized in the liver into
25-hydroxyvitamin D [25-(OH)D] and subsequently in the
kidney by the 1α-hydroxylase into its active metabolite
1,25-dihydroxyvitamin D. Beside season, multiple factors
like skin pigmentation, ethnicity, age, sex, diseases, and
medication influence vitamin D concentrations [3].

Following diseases are reported to be associated with
vitamin D deficiency: osteoporosis and fractures [7, 8],
rickets in children and osteomalacia in adults, cardiovas-
cular disease [9], metabolic disease [10], hypertension [11],
falls among the elderly [12], cancer [13], multiple sclerosis
[14], diabetes mellitus type 1 [15], cognition alteration [16],
chronic pain [17], inflammation [18] and all-cause mortality
[19]. The role of vitamin D in bone metabolism and mus-
cular function is accepted, but there is a lively debate on the
multifold other vitamin D implications [20, 21].

There is no internationally agreed definition for sufficient
and consequently deficient vitamin D status. This is a
general issue for analyses under investigational and meth-
odological aspects such as analytics, and is influenced by
the fact that cut-offs vary depending on the health outcomes
under investigation. Currently, the definition of vitamin D
deficiency is a laboratory analytical, based on the assay.
There is agreement that serum concentrations of 25(OH)D
increase in proportion to cutaneous synthesis and dietary
intake of vitamin D, and currently represent the best indi-
cator of vitamin D status [5].

The following societies proceeded to define a cut-off for
25(OH)D as a marker for vitamin D deficiency especially in
the issue bone health. According to recommendations of the
‘Dachverband Osteologie’ [22] and the National Institutes of
Health [23], thresholds for 25(OH)D of 20 ng/ml are con-
sidered to be adequate for health, whereas the Endocrine
Society [24] recommends values ≥30 ng/ml (Table 1). In
addition, the National Institutes of Health [23] differentiates
between values <12 ng/ml, which are supposed to be a risk
factor for rickets in children and osteomalacia in adults, and
values between 12 and 20 ng/ml, which are considered to be
inadequate for bone and overall health. Those differences in
recommendations show that we need more evidence to
define vitamin D deficiency. Recommendations do not
account for seasonal aspects, but vitamin D is highly
influenced by season. Seasonal variations, together with
variable cut-offs, may lead to highly biased conclusions in
epidemiological cohorts.

In this study, we analyzed the vitamin D status of the
participants of the Heinz Nixdorf Recall Study who are
representative for the middle-aged German population,
considering sex, age and seasonal differences of blood
sampling. Additionally, we investigated the impact of dif-
ferent cut-offs on the prevalence of vitamin D deficiency,T
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taking into account seasonal differences to provide a basis
for accurate or less biased definition of vitamin D
thresholds.

Methods

Study population

The study has been described in detail elsewhere [25].
Briefly, the Heinz Nixdorf Recall study is a large
population-based cohort study, started in 2000. Our study
design was cross-sectional and we analyzed data collected
at baseline between 2000 and 2003. All participants pro-
vided written informed consent, gave permission for future
measurements and the study was approved by the institu-
tional ethic committee. The study was certified and recer-
tified according to DIN EN ISO 9001:2000/2008.
Participants were investigated in the Heinz Nixdorf study
center located in Essen, which was established for this
study. Participants were men and women aged 45–75 years
from the general population living in three large adjacent
cities (Bochum, Essen, Muelheim/Ruhr) in Germany. They
were recruited from a random sample derived from man-
datory citizen registries. Response rate was 56% and in total
4814 participants (50% women) were enrolled [26].

Measurements

Computer-assisted face-to-face interviews, clinical exam-
inations and comprehensive laboratory tests were conducted
according to standard protocols. Serum aliquots were stored
at −80 °C. Accurate temperature was controlled by an in-
house master display and long-term storage does not affect
serum 25-(OH)D level [27]. Total serum 25-(OH)D was
measured in 2007 on thawed serum samples with the Roche
Cobas assay. This assay employed polyclonal antibodies
that bind specifically to human 25(OH)D. According to the
product insert the intra-assay variation was <6.5%, the
intermediate precision to describe the precision of a repe-
ated value determination of a sample with a deliberate
change of one analytic parameter was <11.5%, the func-
tional sensitivity was 4.01 ng/ml and the detection limit
3.00 ng/ml. In comparison with the reference method (LC-
MS/MS) the accuracy was: y= 1.09*x−0.510; pearson r,
0.894. The control of the instrument was performed
according to the product insert (quality control of the
manufacturer). 25(OH)D values of 20–32 ng/ml are mini-
mal and values ≥30 ng/ml are favored (product insert).
Participants were asked about all kind of medication intake
at baseline including vitamin substitution. For information
about the possible sun exposure of our participants, we used
resources of the German Weather Service who supplied us

with data about the daily sun radiation in J/cm² in Bochum
(Germany, latitude 51°49′ North) from 11December 2000 to
13 August 2003.

Statistical analyses

Results are based on the analysis of data of 4149 partici-
pants with 25-(OH)D readings at baseline (50.4% women,
mean age: 59.7± 7.8 years). Medians (50th percentile
[p50]) and quartiles (25th percentile [p25], 75th percentile
[p75]) of 25-(OH)D were calculated, stratified by sex, age
group (45–54, 55–64, and 65–75 years) and investigation
month. Monthly variability of 25-(OH)D according to the
mean sun radiation of the investigation month was calcu-
lated. We estimated the impact of sun radiation on 25-(OH)
D in a model including dummy variables for month and
year. According to the recommendations of the German
‘Dachverband Osteologie’ [22], Endocrine Society [24] and
National Institutes of Health [23], prevalence of 25-(OH)D
deficiency was calculated according to the cut-offs <12,
<20, and <30 ng/ml stratified by investigation months.
Odds ratios to attest the diagnosis of vitamin D deficiency in
one month compared to June were estimated. Analyses were
performed using SAS software, version 9.2.

Results

The sample consisted of 4149 participants with 25-(OH)D
readings (50.4% women, mean age: 59.7± 7.8 years). Of
those 65 (1.6%) participants reported oral multivitamin
intake and 46 (1.1%) participants reported oral vitamin D
intake. Table 2 depicts the medians and quartiles of 25-
(OH)D stratified by sex, age group, and monthly mean
power of global sun radiation. The median 25-(OH)D-
concentration was 19.8 ng/ml (p25: 14.4, p75: 26.6 ng/ml).
The median 25-(OH)D in women was lower than in men
(p50: 18.9 ng/ml, respect to 20.9 ng/ml). Older women
showed the lowest 25-(OH)D serum concentration (45–54/
55–64/65–75 years: 19.7/20.1/16.7 ng/ml), whereas no age
effects could be observed in men (20.4/21.6/20.2 ng/ml).
The highest 25-(OH)D concentrations were obtained in the
sunny season (e.g., July, p50: 23.8, p25: 18.2, p75: 31.2 ng/
ml) and lowest medians in winter (e.g., March, p50: 15.8,
p25: 11.5, p75: 20.6 ng/ml).

There was a latency of 1–2 months after high sun expo-
sure and the curves of p25, p50, and p75 are nearly parallel
(Fig. 1). Stratified by the year of investigation, there is a high
variability of the monthly median 25-(OH)D in the different
years in spring (Fig. 1). There was a difference of 9.2 ng/ml
in median 25-(OH)D values in April between 2001 and
2003. The peak-trough difference in 25-(OH)D concentra-
tion during the year in men was greater than in women.
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The maximal range of monthly medians in men was 10.2
vs. 8 ng/ml in women. The estimated impact of sun radia-
tion on 25-(OH)D was 12.6%. The effect estimates for the
dummy variables (included for month and year of the
examination) showed some variation from year to year and
a strong seasonal component along the course of the sun
radiation.

Table 3 shows the prevalence of vitamin D deficiency
according to the cited different threshold recommendations.
The prevalence was as low as 16% using the threshold <12
ng/ml, increased to 51% (<20 ng/ml) and even 83% (<30
ng/ml). The highest prevalence rates of vitamin D defi-
ciency were observed in February/March (28, 71, and 92%)
and lowest in June/July (6, 30, 71%). The chance to attest
the diagnosis of vitamin D deficiency for cut-off 12 ng/ml in
March is 6.4-fold higher than in June, for cut-off 20 ng/ml
5.5-fold higher and for cut-off 30 ng/ml 3.1-fold higher,
with a prevalence of vitamin D deficiency of 92% in
February and March (Table 3).

Discussion

Our study shows that the influence of sun radiation on the
prevalence of vitamin D deficiency according to different
25-(OH)D thresholds is very high, which is not considered
in the current recommendations of the ‘Dachverband
Osteologie’ [22], Endocrine Society [24] and National
Institutes of Health [23]. Additionally, we observed a small
influence of sex and age on 25-(OH)D concentration.

According to those international guidelines, 16% [25-
(OH)D < 12 ng/ml], 51% [25-(OH)D < 20 ng/ml] or 83%
[25-(OH)D < 30 ng/ml] of our cohort, which is representa-
tive for the middle-aged German population, had vitamin D
deficiency. The variation of 25-(OH)D concentration by
investigation month was very high, because global sun
radiation from October to March in general is not strong
enough in Germany to produce sufficient vitamin D in the
skin [3]. We measured the lowest 25-(OH)D median values
at the end of winter (February/March) and the highest at
midsummer (June/July). In March, the prevalence for 25-
OHD< 20 ng/ml was more than double as high as in July
(70 vs. 30%). For the threshold <30 ng/ml in March, almost
everybody (92%) in our study population was categorized
as vitamin D deficient, and in July still 71%. According to
those guidelines, the chance to attest the diagnosis of vita-
min D deficiency for the cut-off 12 ng/ml in March is 6.4-
fold higher than in June, for the cut-off 20 ng/ml 5.5-fold
higher and for the cut-off 30 ng/ml 3.1-fold higher. Our
prevalence of vitamin D deficiency in men and women is in
line with the literature in Europe and the U.S., which
reported a prevalence of 14–100% using the same cut-offs
[1, 2]. A study from Sweden (latitude 57°41′ North)T
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reported 25-(OH)D levels during January to March below
the thresholds of 20 and 30 ng/ml of 58 and 88%, respec-
tively, and during July to September of 11 and 50% [28].
The still very high but lower prevalence of vitamin D
deficiency than in our study might be due to supplement of
dairy products with vitamin D in Sweden and a younger
study population with a higher percentage of men. Guide-
lines producing a prevalence of deficiency of more than
50% and also different chances of deficiency according to
the time of blood sampling are impractical. Therefore,
current thresholds should be challenged.

Other studies showed the dependence of 25-(OH)D
values on sun exposure as well [6, 29–31]. A study in the
United States found that serum 25-(OH)D concentrations
varied in a sinusoidal manner [32]. A study from Switzer-
land (latitude 46° North) generated centile curves of
25-(OH)D in a sinusoidal manner of the general adult
population to help interpreting patients vitamin D status
independently of measurement time, taking into account
age, gender and body mass index [33]. The intra-individual
analyses of a longitudinal study from Sweden showed a
mean increase in 25-(OH)D by 3.2 ng/ml per month
between April and August [28]. A larger peak-trough dif-
ference in 25-(OH)D concentration during the year in men
(9.4 ng/ml) than in women (6.8 ng/ml) was reported [32],
which is in accordance with our results (men: 10.2 ng/ml,
women: 8 ng/ml). Our observation that the 25-(OH)D

curves of p25, p50, and p75 were nearly parallel (Fig. 1)
indicates a relatively stable trend within a year. In our
model 12.6% of the underlying 25-(OH)D variation was
explained by sun radiation. We also see relevant differences
between the years of investigation. The difference of med-
ian 25-(OH)D values in April of 2001 compared to 2003 is
9.2 ng/ml. This huge difference was explained by the fact
that the sun radiation in February, March, and April was
much more intense in 2003 than in 2001 (Fig. 1). Single 25-
(OH)D measurements mislead the diagnosis of vitamin D
status. Using a centile curve for temperate zones, particu-
larly for measurements in winter or summer months would
lead to greater precision. The interpretation of measure-
ments in spring or autumn month remains difficult, because
the annual increase and decrease of 25-(OH)D in this per-
iods depend on variable weather and individual factors.

We also observed an age effect on 25-(OH)D con-
centrations in women but not in men, although it was much
lower than the seasonal effect. In the literature, the effect of
age on 25-(OH)D is controversial. Most investigators found
significantly lower mean values in the elderly [31, 34]. A
lower efficiency of cutaneous synthesis of vitamin D in
older people was suggested [35, 36]. On the other hand,
some investigators suggested that mean plasma 25-(OH)D
concentrations in healthy old people living at home might
be not lower than in younger people [37–39]. Further stu-
dies to explain the 25-(OH)D decrease by age, especially in

Fig. 1 Median 25-(OH)D [ng/ml] and mean power of global sun radiation [kWh/(m²*100)] by month. Legend: latitude of sun measurement in
Bochum, Germany: 51.4925 North. 25-(OH)D: 25-hydroxyvitamin D; p50: 50th percentile (median); p25 and p75: 25th and 75th percentile
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older women, and whether they are physiological or
pathological still have to be performed.

We observed a sex effect on 25-(OH)D values and,
similarly to the age effect, it was much lower than the
seasonal effect. The 25-(OH)D medians of women were
lower than those of men, especially in women older than 65
years. Gender differences were also found in young healthy
Italian persons [40]. This difference might have physiolo-
gical reasons. It could be linked to androgen-related dif-
ferences in vitamin D-binding protein concentrations, or to
either the precursor production by the skin or its 25-
hydroxylation by the liver [40]. Further studies are neces-
sary to explain the differences in gender, which might be
important for more precise definition of sufficient or
insufficient 25-(OH)D status.

As mentioned before, vitamin D deficiency is associated
with many diseases. However, the evidence for many of those
associations is inconsistent [19, 41, 42]. Large interventional
studies to be sure of a positive effect of vitamin D supple-
mentation regarding different outcomes are needed. The ‘nor-
mal’ vitamin D concentration in blood should be defined firstly
and then the need of supplementation should be discussed.

The diagnosis of vitamin D insufficiency based on the cur-
rent thresholds leads unavoidably to interventions, like supple-
mentation with vitamin D or monitoring. On the other hand, a
pronounced vitamin D deficiency might be trivialized if vitamin
D deficiency can be diagnosed in almost everybody. According
to current recommendations, the majority of our population
would need vitamin D substitution.

Evidence for negative effects after general long-term
substitution is missing. Most trials of higher doses of

vitamin D are not adequately designed to assess any harm
after long-term. The National Institutes of Health reported
that symptoms of toxicity are unlikely at daily intakes
below 10,000 IU/day [23]. The Women’s Health Initiative
reported a 17% increased risk of kidney stones in post-
menopausal women with vitamin D and calcium supple-
mentation [43]. Substances that directly activate the vitamin
D receptor are not recommended for patients with chronic
kidney disease because they were associated with increased
risk of hypercalcemia and hyperphosphatemia [44, 45].
Meaningful long-term studies to investigate positive as well
as negative effects of vitamin D substitution are much-
needed.

Furthermore, a number of different vitamin D assays are
used worldwide, resulting in hardly comparable readings
[46, 47]. Examinations by the Vitamin D External Quality
Assessment Scheme (DEQAS) [48] revealed wide variation
of 3.2–6.4 ng/ml in the mean serum 25-(OH)D level by each
specific methodology for the same sample [47]. Differences
up to 10 ng/ml in mean 25-(OH)D level are reported in
another test population measured by different assays [49].
The interassay differences between the mean of methodol-
ogies varied between 1 and 6.4 ng/ml [47]. The accuracy of
various 25-(OH)D assays including our Roche Cobas assay
differs widely from the National Institute for Standards and
Technology standard and is ±10% or even higher [47].
Reliable and validated standard analytical procedures are
needed to adequately determine 25-(OH)D concentrations.
Additionally, better vitamin D analysis might prove or
disprove associations and presumptions about vitamin D
and health.

Table 3 Prevalence for
different 25-(OH)D thresholds
and odds ratios to attest vitamin
D deficiency compared to June
by month

Month N <12 ng/ml OR <20 ng/ml OR <30 ng/ml OR

Jan 339 21.2 (16.9–25.6) 4.6 60.1 (55.0–65.4) 3.4 90.1 (86.6–93.2) 2.4

Feb 320 28.1 (23.2–33.1) 6.6 64.4 (59.1–69.6) 4.1 92.2 (88.9–94.9) 3.2

Mar 435 27.4 (23.2–31.5) 6.4 70.6 (66.3–74.9) 5.5 92.0 (89.4–94.5) 3.1

Apr 384 18.2 (14.4–22.1) 3.8 56.3 (51.3–61.2) 2.9 89.1 (85.9–92.2) 2.2

May 344 18.0 (14.0–22.1) 3.7 56.4 (51.2–61.6) 3.0 87.2 (83.7–90.7) 1.8

Jun 359 5.6 (3.2–7.9) 1.0 (ref.) 30.4 (25.6–35.1) 1.0 (ref.) 78.8 (74.6–83.1) 1.0 (ref.)

Jul 471 7.9 (5.4–10.3) 1.5 32.5 (28.3–36.7) 1.1 71.1 (67.0–75.2) 0.7

Aug 259 10.0 (6.4–13.7) 1.9 40.5 (34.6–46.5) 1.6 80.3 (75.5–85.2) 1.1

Sep 297 10.4 (7.0–13.9) 2.0 42.4 (36.8–48.0) 1.7 71.7 (66.6–76.8) 0.7

Oct 360 7.2 (4.5–9.9) 1.3 37.5 (32.5–42.5) 1.4 74.4 (69.9–79.0) 0.8

Nov 335 18.2 (14.1–22.3) 3.8 57.6 (52.3–62.9) 3.1 84.5 (80.6–88.4) 1.5

Dec 246 19.8 (14.9–24.9) 4.2 61.4 (55.3–67.5) 3.6 90.2 (86.5–94.0) 2.5

Total 4149 15.9 (14.8–17.0) 3.2 50.7 (49.2–52.2) 2.4 83.3 (82.2–84.4) 1.3

Prevalence in % of 25-(OH)D deficiency and 95% confidence interval was calculated according to the cut-
offs <12, <20, and <30 ng/ml stratified by investigation months. Odds ratios (OR) to attest the diagnosis of
vitamin D deficiency in every month compared to June were estimated

25-(OH)D 25-hydroxyvitamin D, OR odds ratio, ref. reference
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In clinical practice, results of vitamin D assays should be
viewed highly critically, as it has to be done with most
laboratory parameters. Currently, the definition of vitamin
D deficiency is laboratory analytical, based on the assay. It
is very likely that low 25-OHD is not equal to vitamin D
deficiency. Other anamnestic parameters have to be con-
sidered. For example, a person who prefers to stay indoors,
women with burka, infants or geriatric patients are likely to
have vitamin D deficiency. In clinical practice vitamin D
should be judged in conjunction with other labor para-
meters, like creatinine, alcaline phosphatase and
parathormone.

Serum 25-(OH)D is strongly associated with parameters
related to sun exposure, but only weakly with intake of
vitamin D supplements [28]. This is why we did not exclude
from analysis those participants who reported oral vitamin
D substitution.

We identified several strengths and limitations of our
study. Strengths are the large randomly-selected community
sample and the high quality of data collection and data
handling, which was confirmed by external certification of
the Heinz Nixdorf Recall study. Limitation of our study is
the high intra-assay variation of the Roche Cobas of <6%,
but very better-performing vitamin D assays are currently
not available. Another limitation is that participants of our
study were all Caucasians, so we could not investigate
ethnic aspects. Overall, our study provides essential data to
represent the middle aged German population.

Vitamin D status is widely and controversially debated in
the context of morbidity and mortality, although causality
has not really been determined. Recommended guidelines to
define vitamin D deficiency revealed extremely different
numbers of subjects with vitamin D deficiency in our study
population. According to those guidelines, up to 92% of a
German metropolitan population aged 45–75 years has
insufficient vitamin D values. Guidelines which produce a
deficiency prevalence of more than 50% are impractical.
Therefore, current thresholds should be challenged. New
guidelines for vitamin D which consider sun exposure are
needed. This is especially important with respect to
recommended supplementation of vitamin D. Our data
could be used for a first approximation of new guidelines
for the elderly German population. Further accounting for
blood samples collection time and antecedent sun exposure
are important to reduce bias in research studies, as well as in
clinical care, to improve decision-making. In temperate
zones interpretation of vitamin D measured in winter or
summer month is more precise than in spring or autumn
because of variable course of annual increase and decrease
as a function of weather and individual factors. Vitamin D
thresholds have to be rethought to diagnose vitamin D
deficiency and to define people who really benefit from
vitamin D substitution.
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