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Abstract

Summary We measured serum vitamin D in 8024 Romanian subjects and found a marked seasonal variation with highest levels
in September and lowest levels in March. The seasonal variation (early autumn vs. early spring) persisted in all age and sex
groups. The prevalence of vitamin D deficiency was very high.

Purpose Romania is located in Eastern Europe, roughly between 44°N and 48°N latitude. Seasonal variation of serum vitamin D
in Romanian subjects is unknown. We assessed the seasonal variation of 25-hydroxy vitamin D [25(OH)D] in Romanian
population.

Methods We retrieved from our endocrinology center database all 25(OH)D measurements between 2012 and 2016. We also
evaluated age, sex, diagnosis, and date of blood sampling. The 25(OH)D was measured by two different chemiluminescence or
electrochemiluminescence assays.

Results There were 8024 subjects (median age 50 (37, 62); 1429 men (17.8%)) without a diagnosis of low bone mass (osteopenia
or osteoporosis). The median serum 25(OH)D was 18.6 (12.7, 25.4) ng/mL. Of the subjects, 0.73, 14.4, 55.6, and 86.1% had a
serum 25(OH)D level below 4, 10, 20, and 30 ng/mL, respectively. Serum 25(OH)D showed a marked seasonal variation with
highest levels in September (24.1 [18.3, 30.3] ng/mL) and lowest levels in March (13.5 [9.4, 19.6] ng/mL) (p <0.001). The
seasonal variation (early autumn vs. early spring) persisted in all age and sex groups and was maximal for 21-40 years of age
(26.5 (20.8, 33.1) vs. 12.9 (9.7, 17.9) ng/mL) and minimal for >65 years of age (18.6 (13.0, 27.2) vs. 12.7 (7.8, 19.7) ng/mL).
Men and women showed similar amplitude of serum 25(OH)D variation.

Conclusion The prevalence of vitamin D deficiency is high, particularly in the elderly. The data show a strong seasonal variation
of serum 25(OH)D in all subgroups of our Romanian population with highest levels in September and lowest levels in March.

Keywords Vitamin D - Deficiency - Romania - Seasonal

Introduction supplementation in some countries and widely available
cholecalciferol-containing medication, vitamin D deficiency
and insufficiency are present at a global scale.

Serum 25-hydroxy vitamin D [25(OH)D] measurement is
widely used for vitamin D status assessment, and low serum

25(OH)D levels are associated with a number of skeletal and

Vitamin D (VD) is increasingly being recognized as an impor-
tant factor in bone and general health. However, despite food

Electronic supplementary material The online version of this article

(https://doi.org/10.1007/s11657-017-0407-3) contains supplementary
material, which is available to authorized users.

< Dan Alexandru Niculescu
dan.niculescu @umfcd.ro

Department of Endocrinology, Carol Davila University of Medicine
and Pharmacy, 34-38 Aviatorilor Blvd., 011863 Bucharest, Romania

Research Laboratory, C. 1. Parhon Institute of Endocrinology, 34-38
Aviatorilor Blvd., 011863 Bucharest, Romania

non-skeletal disorders [1].

The serum 25(OH)D levels are influenced by many factors
such as VD intake, sun exposure (latitude, climate, personal or
cultural habits of sun bathing, clothing), and body mass index
[2—4]. Despite numerous differences in all these factors among
different European countries, there is a very high likelihood of
inadequate VD status in all ages but especially in the elderly
[5, 6]. Similar results have been reported in Romanian sub-
jects (southeastern European country with four seasons, with-
out mandatory food fortification with vitamin D) [7-9].
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There is a highly significant correlation between latitude
and serum 25(OH)D concentrations across Europe at least
[10]. However, the policies for food fortification with VD
greatly influence the results. As such, the levels are lower in
central Europe than in North America or Scandinavian region
(probably reflecting the more consistent VD fortification in
these regions) [11]. The serum 25(OH)D concentrations vary
with season in subjects of all ages, being lowest during winter
and early spring [5, 6]. No study assessing the seasonality of
serum VD status has been done on Romanian subjects.
Therefore, we aimed to assess this aspect in a large sample
of Romanian population.

Methods
Subjects

We retrieved from the electronic database of our endocrinol-
ogy center all 25(OH)D measurements between May 2012
and November 2016. For each measurement, we also retrieved
the corresponding sex, age and diagnosis of the subject, and
the date of blood sampling. The study was approved by the
Ethical Board of our Institution.

Data retrieved from National Meteorological
Administration of Romania showed a stable seasonality for
the studied period with not significant differences between
similar months or between the studied period and the
Romanian climate with regard to total monthly sunshine, rain-
fall, or mean temperature. Therefore, we were able to group
together serum 25(OH)D levels from similar months of all
studied years.

All subjects have been assessed in C. I. Parhon National
Institute of Endocrinology, Bucharest, Romania. As it is the
most important endocrinology center in Romania, it covers its
whole territory as a tertiary referral center but also works as a
secondary referral center of endocrine care for the southern
part of the country. It is the particularity of primary care in our
country that any clinical suspicion of endocrine disease raised
by a primary care physician is referred for confirmation (or
invalidation) of the diagnosis to a specialized endocrinology
center. In this capacity, apart from difficult patients initially
evaluated in other endocrinology centers, our center simulta-
neously assesses a huge number of patients of all ages referred
from primary care. The reasons for referral cover the whole
spectrum of endocrine disorders. Each year our center assess
over 15,000 different patients.

There were 22,661 25(OH)D measurements. Of these,
14,052 were made on different subjects and 8609 were repeat-
ed measurements. In those subjects with multiple assessments
available, we used only the first measurement. Of the 14,052
subjects, 6028 (42.9%) had a diagnosis of low bone mass
(osteoporosis or osteopenia) and 8024 (57.1%) did not have
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such a diagnosis. The diagnosis of low bone mass was made
by the treating physician of each individual patient, according
to protocols being used in our institution (DXA determination
with assessment of T-score in subjects over 50 years old and of
Z-score in younger subjects as well as careful fragility fracture
assessment from patient’s history and symptom-based active
search). However, we could retrieve only the final diagnosis
from the institution’s electronic database and did not have
access to the actual radiological, densitometric, or medical
history data. This distinction between patients with or without
a low bone mass diagnosis was made because of the higher
probability of vitamin D treatment in patients with osteoporo-
sis or osteopenia. All further analysis and subgroups are de-
rived from the group of 8024 subjects without a low bone
mass diagnosis. Vitamin D status can be found in Table 1.

25-Hydroxy vitamin D assays

25(OH)D was measured by chemiluminescence on a Liaison
XL analyzer (DiaSorin, Saluggia, Italy; with a measuring
range 4-150 ng/mL, functional sensitivity 4 ng/mL, and var-
iation coefficient of 20% or by electrochemiluminescence) on
a Cobas E601 C analyzer (Roche Diagnostics, Indianapolis,
IN; with a measuring range 3—70 ng/mL, functional sensitivity
4.01 ng/mL, and variation coefficient of 18.5%). Vitamin D
deficiency was defined as a serum 25(OH)D level less than
10 ng/mL.

Statistical analysis

We tested for normal distribution of 25(OH)D concen-
trations in the whole group (8024 subjects) and in sub-
groups (defined by sex, age, or month of blood sam-
pling) using D’Agostino-Pearson test. All groups were
positively skewed and normal distribution was rejected.
All continuous variables are expressed as median (25th,
75th percentile). Prevalence data are expressed as num-
ber (percentage).

The null hypothesis for two continuous variables was test-
ed using Mann-Whitney U test. To quantify the difference
between months with highest and lowest 25(OH)D serum
concentrations in various subgroups (see Table 2), we log-
transformed the variables and applied a # test for independent
variables. The differences on log-transformed scale were
back-transformed to obtain the ratio of geometric means and
its 95% confidence interval (95% CI). Trend testing in age
groups was made using the Kruskal-Wallis test.

The serum 25(OH)D median monthly values (see
Electronic Supplementary Material 1) show a clear periodic
disposition with one peak and one nadir per year. For a better
description of the annual variation of serum 25(OH)D levels,
we plotted all individual 25(OH)D values against the corre-
sponding day of serum sample (counted from the beginning of
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Table 1 Vitamin D status

All patients (n = 14,052)

Low bone mass
diagnosis (n =6,028)

No low bone mass
diagnosis (n = 8,024)

Age* 59 (46, 67) 50 (37, 62) 65 (59, 72)
Males 1,705 (12.13%) 1,429 (17.8%) 276 (4.57%)
Serum 250HD
Median (25, 75)* 19.5 (13.2,26.7) 18.6 (12.7,25.4) 20.7 (14, 28.4)
<4 ng/mL 91 (0.64%) 59 (0.73%) 32 (0.53%)
<10 ng/mL 1,853 (13.18%) 1,156 (14.40%) 697 (11.56%)
<20 ng/mL 7,308 (52%) 4,461 (55.59%) 2,847 (47.22%)
<30 ng/mL 11,669 (83.04%) 6,911 (86.12%) 4,758 (78.93%)

Data are presented as median (25th, 75th percentile) or as number (percentage)

250HD 25-hydroxy vitamin D

*p <0.001 between low bone mass and no low bone mass diagnosis groups

the study) (Fig. 1). A sine function was fitted using SigmaPlot
12.5 software (San Jose, CA). Minimum and maximum of the
curve were found by solving the first derivative of the fitted
curve equation.

Results

Serum 25(OH)D showed a strong seasonal variation with a
nadir in early spring and peak levels at the end of summer. The
lowest serum 25(OH)D concentration was found in March
(13.5 [9.36, 19.63] ng/mL) and the highest in September
(24.1 [18.29, 30.32] ng/mL) (p <0.001). However, even at
the end of summer, the prevalence of VD deficiency was still
present in the subjects evaluated (3.6%) and was 9.2% in
subjects over 65 years of age. The daily distribution of
25(OH)D serum concentrations in the whole group (8024
subjects) during the study period can be found in Fig. 1. The
sinusoidal function equation between serum 25(OH)D level
f(x) and the day of the blood sampling x (R=0.3136;
p<0.001) is f{x)=20.0027 +4.2977 - sin(27x/361.8367—
2.8119). The period of the fitted sine function is 362 days,
remarkably close to 365, showing a good approximation of
seasonality. The lowest serum 25(OH) concentration (min
fix)=15.705) corresponds to beginning of March, while the
highest concentration (max f{x) =24.30) corresponds to be-
ginning of September. Serum 25(OH)D concentration by
month in 8024 subjects without a diagnosis of low bone mass
and 6028 subjects with a diagnosis of low bone mass can be
found in Electronic Supplementary Material 1.

Serum 25(OH)D by age can be found in Electronic
Supplementary Material 2. In all months with the exception
of December, there was a significant trend (p < 0.001) towards
lower 25(OH)D serum concentration with advancing age. All
age groups showed similar variations of 25(OH)D with a nadir
in early spring (March/April) and the peak in late summer
(August) or early autumn (September) (Table 2). This

distribution was more pronounced in 11-20 and 2140 years
of age groups (ratio of geometric means between peak and
nadir 1.81 and 1.94, respectively) than in 41-65 and over
65 years of age groups (ratio of geometric means 1.74 and
1.46, respectively).

Distribution of serum 25(OH)D by sex and month can be
found in Fig. 2. Males had higher levels of 25(OH)D than
females all over the year. Both sexes showed a similar peak
of serum 25(OH)D in early spring (March for females, April
for males) and nadir at the end of summer (August for females,
September for males) (Table 2).

Discussion

Romania is located in Europe, in the Northern Hemisphere,
roughly between 44° and 48°. It has a typical temperate cli-
mate with four seasons. This study presents the seasonal var-
iation of serum 25(OH)D levels in a large sample of
Romanian population. To our knowledge, it is the first study
to assess serum 25(OH)D across the year in Romania and adds
to others in order to fill up the European map [12].

Our study showed a nadir of serum 25(OH)D in early
spring (March) for the whole sample or March/April for var-
ious subgroups and a peak level in early autumn (September)
for the whole sample or August/September for subgroups. The
time of nadir and peak levels was largely similar in all sub-
groups. However, the magnitude of the variation diverged
significantly for age groups: maximal for 2140 years of age
group and minimal for >65 years of age group. Unfortunately,
in our sample, the 0—10 years of age subgroup was underrep-
resented and no firm conclusion can be drawn for it. Men and
women showed similar amplitude of serum 25(OH)D.

Studies from countries at the same latitude as Romania
showed results close to ours. In a study on 206 Hungarian
men [ 13], the peak serum 25(OH)D was found during summer
(33 ng/mL as compared to 26.3 ng/mL in September in our
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Table 2 Serum 25(OH)D levels
in nadir and peak months

@ Springer

Lowest level Highest level Variation
All patients 920 777
Month March September
Serum levels 13.5(9.36, 19.63) 24.1 (18.29, 30.32) 1.71 (1.64-1.79)
<4 ng/mL 13 (1.4%) 2 (0.2%) 1.2%
<10 ng/mL 264 (28.7%) 28 (3.6%) 25.1%
<20 ng/mL 698 (75.8% 252 (32.4%) 43.4%
<30 ng/mL 852 (92.6%) 574 (73.9%) 18.7%
Males 111 142
Month April September
Serum levels 15.1 (11.0, 22.3) 26.3 (20.42, 35.24) 1.68 (1.50-1.89)
<4 ng/mL 1 (0.9%) 1 (0.7%) 0.2%
<10 ng/mL 22 (19.8%) 3(2.1%) 17.7%
<20 ng/mL 75 (67.6%) 32 (22.5%) 45.1%
<30 ng/mL 102 (91.9%) 86 (60.6%) 31.3%
Females 772 339
Month March August
Serum levels 13.0 (9.15, 19.08) 23.6 (17.21, 30.3) 1.69 (1.59-1.80)
<4 ng/mL 11 (1.4%) 1 (0.3%) 1.1%
<10 ng/mL 231 (29.9%) 19 (5.6%) 24.3%
<20 ng/mL 596 (77.2%) 119 (35.1%) 42.1%
<30 ng/mL 729 (94.4%) 249 (73.4%) 21%
0-10 years 24 12
Month April September
Serum levels 19.4 (16.2, 24.87) 37.9 (22.88, 52.65) 1.7 (1.22-2.35)
<4 ng/mL 0 (0%) 0 (0%) 0%
<10 ng/mL 1 (4.1%) 0 (%) 4.1%
<20 ng/mL 15 (62.5%) 2 (16.7%) 45.8%
<30 ng/mL 18 (75%) 5 (41.7%) 33.3%
11-20 years 77 67
Month March September
Serum levels 15.24 (10.32, 20.06) 26.8 (22.2, 34.0) 1.81 (1.57-2.09)
<4 ng/mL 0 (0%) 0 (0%) 0%
<10 ng/mL 17 (22.1%) 1 (1.5%) 20.6%
<20 ng/mL 56 (72.7%) 11 (16.4%) 56.3%
<30 ng/mL 68 (88.3%) 41 (61.2%) 27.1%
21-40 years 175 95
Month March August
Serum levels 12.9 (9.7, 17.94) 26.48 (20.8, 33.1) 1.94 (1.75-2.15)
<4 ng/mL 2 (1.1%) 0 (0%) 1.1%
<10 ng/mL 49 (28%) 1 (1%) 27%
<20 ng/mL 139 (79.4%) 23 (24.2%) 552%
<30 ng/mL 165 (94.3%) 58 (61%) 33.3%
41-65 years 491 390
Month March September
Serum levels 13.0 (9.46, 19.21) 23.83 (18.0,29.75) 1.74 (1.64-1.85)
<4 ng/mL 6 (1.2%) 1 (0.2%) 1%
<10 ng/mL 143 (29.1%) 10 (2.6%) 26.5%
<20 ng/mL 376 (76.6%) 130 (33.3%) 43.3%
<30 ng/mL 462 (94.1%) 294 (75.4%) 18.7%
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Table 2 (continued)

Lowest level Highest level Variation
>65 years 146 65

Month March August

Serum levels 12.75 (7.8, 19.75) 18.6 (13.0, 27.16) 1.46 (1.24-1.71)
<4 ng/mL 5(3.4%) 1 (1.5%) 1.9%
<10 ng/mL 52 (35.6%) 6 (9.2%) 26.4%
<20 ng/mL 110 (75.3%) 34 (52.3%) 23%
<30 ng/mL 133 (91.1%) 53 (81.5%) 9.6%

25(OH)D serum 25-hydroxy vitamin D

Data are presented as median (25th, 75th percentile) or as number (percentage). Data in the “Variation” column
represent the ratio of geometric means (95% CI) for serum levels or difference in percentage

study) and the nadir levels during winter (23 ng/mL as com-
pared to 15.1 ng/mL in April in our study). As both levels are
higher than in the Romanian population, we can presume a
more intense vitamin D supplementation. Hungarian women
[14] showed a similar seasonal variation with the lowest level
of 17 ng/mL in the spring (compared to 13 ng/mL in March in
our study) and the highest level of 21 ng/mL in the autumn
(compared to 23.6 ng/mL in August in our study) in a study
evaluating 319 women. Interestingly, although the spring-
autumn variation is preserved in these Hungarian postmeno-
pausal women, the amplitude of the variation is much smaller
than in our population. In a large Swiss study [15], both the
methodology and results closer resembled our results on
Romanian population. That study enrolled 1682 patients from
general practice. At the end of summer (September) and at the
end of winter (March), the median serum 25(OH)D were 21.3
and 16.6 ng/mL, very similar to our results (24.1 and 13.5 ng/
mL). Unfortunately, the Swiss study did not provided data on
age or sex subgroups.

The seasonal variation of serum 250HD concentrations is
not limited to southeastern Europe, and it has been previously

80 4
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Fig. 1 Serum 25(OH)D concentration by day of serum sample in 8024
subjects with fitted sinusoidal function (solid black line) and 95%
prediction interval (dashed black lines). At the bottom of the graph, the
thick black bars stand for summer months and the thick gray bars for
winter months

confirmed in many studies, all across the world [10, 16, 17].
Even more, the seasonal variation has also been noted in sub-
jects taking cholecalciferol supplements [18].

Men had constantly higher levels of 25(OH)D compared to
females, a result consistent with most of those reported in the
literature, on population of all ages [19-24]. However, there is
no accepted explanation for this variation. Even more, in cer-
tain populations, the relation is opposite with VD deficiency
being more prevalent in men [25]. As vitamin D is fat soluble
and stored in the adipose tissue [26], these gender differences
could be related to gender-related variations in body fat
content.

Young subjects consistently have higher serum 250HD
concentrations compared to elderly subjects. This has been
widely recognized previously [27]. The explanation is related
to the decreased sun exposure in the elderly and the progres-
sive impairment with age of the skin ability to produce vitamin
D3 [28].

The other study on serum 25(OH)D in Romanian popula-
tion [9] included only postmenopausal women and did not
present any date on seasonal variation. However, the distribu-
tion of serum concentrations was similar to ours. In the study
of Grigorie et al. [9], the median, year-round, serum 25(OH)D,

60 -
50
40
30 1

20

Serum 25(OH)D (ng/mL)

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig.2 Serum 25(OH)D concentration by month in males (white bars) and
females (gray bars)
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was 16.76 ng/mL, slightly lower than 18.6 ng/mL in our pop-
ulation that also included men and younger females. The prev-
alence of vitamin D deficiency (22.2%) was intermediate be-
tween our data from March (29.9%) and August (5.6%) in the
female population.

The biggest limitation is that the study population is not a
general population sample of Romania. Our endocrinology
center receives patients from all counties but patients from
Southern Romania (between 44°N and 46°N) are overrepre-
sented. Also, the oral intake of vitamin D (dietary or medica-
tion) was not assessed in our study. However, we tried to
minimize this bias by selecting only the first value (in case
of serial measurements) and by excluding from the study the
patients with a diagnosis of low bone mass (osteopenia or
osteoporosis) who are prone to take drugs containing vitamin
D. As shown in Table 1, patients with a diagnosis of low bone
mass had significantly higher serum 25(OH)D levels than pa-
tients without such a diagnosis, suggesting vitamin D supple-
mentation. Unfortunately, we did not have access to any data
concerning body mass index, comorbidities, medication, and
tobacco or alcohol use which could potentially influence vita-
min D status. However, there is no reason to suspect that our
sample differs significantly from the Romanian population in
this respect. Finally, the number of subjects differs widely by
month (414 in August vs. 1011 in October). As such, the
vitamin D status of our population may not be extrapolated
to the whole Romanian population.

The main advantage of our approach is the very large num-
ber of subjects. This allowed us to do multiple subgroup anal-
ysis (by month, age, or sex) with sufficient statistical power.
Although a hospital-based population does not mirror the gen-
eral population in terms of vitamin D status, we can reason-
ably presume that seasonal variation of serum 25(OH)D is
preserved. The seasonal variation was robust for all age or
sex subgroups, adding strength to the data. All age and sex
subgroups had similar distribution over months (e.g., the per-
cent of a subgroup from the total number of patients was
constant every month).

In conclusion, our data show a strong seasonal variation of
serum 25(OH)D in Romanian population similar to other
countries of the same latitude. Also, the prevalence of vitamin
D deficiency is high even at the end of summer, particularly in
the elderly.
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