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Abstract

Summary We measured serum parathyroid hormone in 8409 Romanian subjects and found a mild seasonal variation with highest
levels in March and lowest levels in September. PTH was dependent on serum vitamin D, particularly below 12.82 ng/mL.
Together, these suggest that vitamin D supplementation is warranted only in at-risk groups.

Purpose Seasonal variation of parathyroid hormone (PTH) and its dependency on serum 25-hydroxy vitamin D (25(OH)D)
levels are well-described. However, there are few studies from Europe, and genetic, nutritional, and cultural differences are
important. We describe the seasonal variation of serum PTH and its relation with serum 25(OH)D levels in Romania.

Methods We retrieved from our endocrinology center database all PTH measurements between 2011 and 2019 together with age,
sex, diagnosis, and date of blood sampling. Simultaneous serum 25(OH)D levels were partially available. Intact PTH was
measured using the same electrochemiluminescence assay.

Results There were 8409 subjects (median age 49 (36, 60) years; 20.5% men) without a diagnosis of hyperparathyroidism
(primary or secondary to chronic kidney disease), hypoparathyroidism, or low bone mass. Serum PTH showed a mild seasonal
variation with highest levels at the end of March (47.61 pg/mL) and lowest levels at the end of September (43.15 pg/mL). All sex
and age subgroups showed highest levels in the spring and lowest levels in the fall. Males had significantly lower PTH levels than
females irrespective of season. PTH correlated inversely with serum 25(OH)D with a breakpoint of 12.82 ng/mL in 2800 subjects
who had a simultaneous measurement of 25(OH)D. Increasing age was associated with increasing PTH levels independently of
serum 25(OH)D.

Conclusions We showed a mild seasonal variation of serum PTH in Romania, at an inverse sinusoidal pattern than serum
25(0OH)D. The breakpoint on the PTH-25(OH)D correlation suggests that vitamin D supplementation is warranted only in at-
risk groups.
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and has also been shown for our country [6]. Most studies
showed a threshold of 25(OH)D above which serum PTH
reached a plateau [5] although few studies revealed a contin-
uous relation [7]. Moreover, the 25(OH)D-PTH relation has
been used to define vitamin D insufficiency [8].

A seasonal variation of serum PTH can be easily presumed,
at an inverse sinusoidal pattern than serum 25(OH)D. This
seasonal 25(OH)D—PTH relation has been consistently dem-
onstrated for the temperate climate, including in studies with
more than one million samples [9]. In these studies, the max-
imal seasonal variation (min to max) of serum PTH varied
between 3 pg/mL [10] and 13 pg/mL [11] with a peak and a
nadir in early spring and early autumn respectively. Studies
conducted in Europe are less numerous and showed a small
(4 pg/mL in Sweden) [12] or no PTH variation (Spain) [13].
Interestingly, a seasonal variation of PTH has been shown
even in patients with primary hyperparathyroidism [14] or
chronic dialysis [15].

Seasonal variation of PTH and its amplitude could be an
indicator of vitamin D status and the need for vitamin D sup-
plementation in the general population. It also might reflect
genetic, nutritional, and cultural differences between racial
and ethnic groups. Our aim was to describe the seasonal var-
iation of serum PTH and its relation with serum 25(OH)D
levels in Romania.

Methods
Subjects

We retrospectively retrieved from the electronic database of
our endocrinology center all PTH and 25(OH)D measure-
ments between January 1, 2011 and November 30, 2019.
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 Institutional Ethic
Committee.

Data from National Meteorological Administration of
Romania showed a stable seasonality for the studied period
with no significant differences between similar seasons or
between the studied period and the Romanian climate.
Therefore, we were able to group together serum PTH and
25(OH)D levels from similar days or seasons of all studied
years.

There were 28,118 PTH measurements. Of these, 16,859
were made on different subjects and 11,259 were repeated
measurements. In those subjects with multiple assessments
available, we used only the first measurement. Of the 16,859
different subjects, we excluded 1572 (9.32%) patients with a
diagnosis of primary hyperparathyroidism, 536 (3.17%) pa-
tients with a diagnosis of chronic kidney disease (including
end-stage renal disease and dialysis), 386 (2.28%) patients
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with a diagnosis of hypoparathyroidism (including
pseudohypoparathyroidism), and 5645 (33.48%) patients that
had a diagnosis of low bone mass (osteoporosis or osteopenia)
with 8720 subjects remaining. Of these, we excluded the sub-
jects with PTH serum values over 200 pg/mL (41 subjects
(0.47%)) or below 15 pg/mL (270 subjects (3.09%)) due to
a high probability of an underlying disorder that was not men-
tioned in the diagnosis by the treating physician. A total of
8409 subjects were retained for the primary analysis. There
were 1892 (22.5%) subjects sampled in the winter, 2252
(26.8%) in the spring, 1914 (22.8%) in the summer, and
2351 (27.9%) in the autumn. As for genetic background,
3467 (41.2%) subjects were born in Bucharest and Ilfov
counties, 2749 (32.7%) subjects were born in Muntenia, 823
(9.8%) were born in Oltenia, 629 (7.5%) in Moldavia, 359
(4.3%) in Dobrogea, 289 (3.4%) in Transylvania, 38 (0.5%)
in Banat, 30 (0.4%) in Maramures, 19 (0.2%) in Crisana, and
6 (0.07%) were born outside Romania. Of the 8409 subjects
with a PTH measurement, 2800 (33.29%) had a simultaneous
measurement of serum 25(OH)D and were included in the
secondary analysis group. Data on vitamin D or calcium sup-
plementation was not available for either primary or second-
ary analysis. Subjects’ characteristics can be found in Table 1.

PTH and 25(OH)D assays

Intact PTH was measured by electrochemiluminescence on a
Cobas E601 C analyzer (Roche Diagnostics, Indianapolis, IN;
with a measuring range 1.2-5000 pg/mL, reference range 15—
65 pg/mL, functional sensitivity 6.0 pg/mL, and a variation
coefficient of 20%).

25(0OH)D was measured by chemiluminescence on a
Liaison XL analyzer (DiaSorin, Saluggia, Italy; with a mea-
suring range 4-150 ng/mL, functional sensitivity 4 ng/mL, and
variation coefficient of 20%) or by electrochemiluminescence
ona 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%).

Statistical analysis

We tested for normal distribution of PTH and 25(OH)D serum
concentrations using D’Agostino-Pearson test. Both values
were skewed and normal distribution was rejected. All contin-
uous variables are expressed as median (25th, 75th percen-
tiles). Prevalence data are expressed as number (percentage).
For comparisons between two groups (Autumn vs. Spring,
men vs. women), we used the Mann-Whitney U test. For
comparisons between more than three groups (age groups),
we used the Kruskal-Wallis test.

For a better description of the annual variation of serum
PTH and 25(OH)D levels, we plotted all individual values
against the corresponding day of serum sample (counted from
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Table 1 Subjects’ characteristics
Secondary analysis (simultaneous 25(OH)D and

PTH measurement) n = 2800

Primary analysis (at least a PTH
measurement) n = 8409

Men (n (%))

Age (years)
<18 (n, (%))
1840 (n, (%))
41-65 (n, (%))
> 65 (n, (%))

1725 (20.51%)
49 (36, 60)
939 (11.2%)
1763 (21.0%)
4586 (54.5%)
1121 (13.3%)

625 (22.32%)
48 (33, 60)
451 (16.1%)
529 (18.9%)
1439 (51.4%)
381 (13.6%)

Serum PTH 41.23 (31.6, 53.8) 41.49 (31.6, 53.7)
(pg/mL)

Serum 25(0H)D  NA 21.22 (14.9, 28.0)
(ng/mL)

Data are presented as number (percentage) or as median (25th, 75th percentiles)
25(OH)D 25-hydroxy vitamin D, PTH parathyroid hormone

the beginning of the year of the blood drawing). A sine func-
tion with a period of 365 was fitted. Minimum and maximum
of the curve were found by solving the first derivative of the
fitted curve equation. Statistical analysis was carried out using
the SigmaPlot 12.5 software (San Jose, CA) and the MedCalc
14.8.1 software (Ostend, Belgium).

Results

Serum PTH showed a slight seasonal variation with the peak
in March and the nadir in September. The sinusoidal-fitted
equation with period of 365 between serum PTH level f(x)
and the day of the blood sampling x (R=0.077; p<0.001) is
f(x) =45.3857 + 2.231 - sin(27x/365—6.1918) had an ampli-
tude of 4.46 pg/mL. The highest serum PTH concentration
(max f(x) =47.61 pg/mL) corresponds to day 86 (March 27),
while the lowest concentration (min f(x) =43.15 pg/mL) cor-
responds to day 268 (September 25). Sex and age subgroup
analysis by season (Table 2) showed a similar variation with
the highest levels during spring and the lowest levels during
fall. Also, the proportion of subjects with PTH values above
normal was higher in spring compared with that in fall. Males
had significantly lower PTH serum levels than females irre-
spective of the season. Also, increasing age was associated
with a significant increase of serum PTH in all seasons.

The secondary analysis was performed in the group of in-
dividual subjects with concomitant measurement of serum
PTH and 25(OH)D to assess the delay between 25(OH)D
nadir/peak and PTH peak/nadir respectively. After fitting a
sinusoidal curve with a period of 365 days to each data set,
the following equations were obtained: 25(OH)D =22.366 +
3.9671 - sin(27tx/365-2.5274) and PTH =45.5894 + 1.9726 -
sin(27tx/365-6.1609). The time lag between 25(OH)D nadir/
peak and PTH peak/nadir levels was 28 days (Fig. 1).

There was a negative association between serum 25(OH)D
and serum PTH. Piecewise regression revealed a breakpoint at

a serum 25(OH)D level of 12.82 ng/mL. The slope and cor-
relation coefficients were —2.35 and 0.21 (p < 0.01) below the
breakpoint (z=505) and —0.31 and 0.15 (p <0.01) respec-
tively above the breakpoint (n = 2295) (Fig. 2a). Two stepwise
multiple regression models (below and above the breakpoint)
with serum PTH as the dependent variable and serum
25(0OH)D, age, and sex as independent variables showed that
sex was not significantly associated with PTH while 25(OH)D
and sex were significant predictors. The models explained
6.4% and 10.0% of the PTH variation below and above the
breakpoint respectively. As expected, below the breakpoint,
PTH was dependent more on serum 25(OH)D (regression
coefficient =—2.13, r partial = — 0.19) than on age (regression
coefficient=0.19, r partial =0.14), while above the
breakpoint, PTH was dependent more on age (regression co-
efficient =0.27, r partial = 0.28) than on serum 25(OH)D (re-
gression coefficient =—0.26, r partial =— 0.13). The median
(25, 75 percentiles) of serum PTH for every 5 ng/mL interval
of serum 25(OH)D can be found in Fig. 2b. The dependency
of serum PTH on age and serum 25(OH)D level can also be
seen in Fig. 3. In subjects with serum 25(OH)D levels over
20 ng/mL, high PTH values (over the upper limit of normal)
are virtually restricted to those over 41 years of age.

Discussion

Serum 25(OH)D has a seasonal variation in the temperate
climate with the lowest levels in the early spring and the
highest levels in the early autumn [2, 9]. Romania, situated
in the Northern Hemisphere, Europe, between 44° N and 48°
N latitude, shows a similar variation [3]. Serum PTH follows a
temporal variation at an inverse sinusoidal pattern than serum
25(0OH)D, and this relation has been consistently demonstrat-
ed in studies conducted in various parts of the world [9, 11,
16], but Europe is underrepresented [12, 13]. This study pre-
sents the seasonal variation of serum PTH and its relation to
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vitamin D status in a significant sample of Romanian popula-
tion. To our knowledge, it is the first study to assess serum
PTH across the year in Romania and Eastern Europe.

Our study demonstrated a slight seasonal variation of PTH
with the peak at the end of March and the nadir at the end of
September. Studies on lower number of subjects with aggre-
gate data by season showed a maximum serum PTH during
winter and a minimum PTH during summer [10, 12]. Studies
including a high number of subjects calculated a peak serum
PTH during March (September in the Southern Hemisphere)
and a nadir serum PTH during September (March in Southern
Hemisphere) [8, 9, 11], consistent with our results. The am-
plitude between min and max serum PTH was 4.46 pg/mL in
our sample, rather low compared with that of other studies on
thousands of subjects. Studies from Australia showed an

Table 2 Serum PTH levels by
season and subgroup
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amplitude of 5.6 [8] or 13.2 pg/mL [11], while studies from
the USA revealed a min to max difference or 6.4 pg/mL [9].

This difference in amplitude might be due to genetic or dietary

factors and not to serum 25(OH)D seasonal variation because
similar studies had both lower [8, 9] and higher [11] 25(OH)D
amplitudes. Moreover, all these studies [8, 9, 11] reported
significantly higher 25(OH)D values (from 20 to 22 ng/mL
in the spring to 28-31 ng/mL in the fall) than values reported
for Romania (15.7 ng/mL to 24.3 ng/mL) [3] which should
convert in a shallower PTH oscillation. Also, some studies
included only females [11].

The analysis by season showed that the variation of serum
PTH was consistent in all sex and age subgroups with the
highest levels during spring and the lowest levels during fall.
It is interesting to note that in our sample, men had

Winter

Spring

Summer

Autumn

Men

Serum levels

(pg/mL)
>65 pg/mL (%)

> 100 pg/mL (%)
Women
Serum levels
(pg/mL)
> 65 pg/mL (%)
> 100 pg/mL (%)
0-17 years

Serum levels

(pg/mL)
>65 pg/mL(%)

> 100 pg/mL (%)
18-40 years

Serum levels
(pg/mL)
> 65 pg/mL (%)

> 100 pg/mL (%)
41-65 years

Serum levels
(pg/mL)
> 65 pg/mL (%)

> 100 pg/mL (%)
> 65 years

Serum levels
(pg/mL)

> 65 pg/mL (%)
> 100 pg/mL (%)

37.91 (28.0, 49.8)

8.88
222

42.50 (32.3,
55.0)*

14.59
2.55

33.08 (24.7, 44.4)

8.0
2.0

37.33 (297, 50.4)

8.41
0.25

43.27 (33.3,55.5)

14.50
2.82

46.66 (33.8,
61.3)%

21.32
5.51

40.22 (30.2, 54.9)

14.77
1.92

43.64 (33.8,
57.5)"

17.14
2.96

3321 (27.0, 43.5)

5.18
0.0

41.64 (32.4, 53.7)

12.47
1.90

44.1 (34.5,58.9)

18.56
3.38

49.03 (36.8,
66.7)%

27.27
4.04

37.95 (28.8, 49.8)

11.13
2.59

41.82 (32.8,
53.2)"

11.64
2.02

30.22 (23.7, 39.6)

4.83
1.44

38.57 (29.9, 47.4)

7.03
1.30

42.71 (33.6, 53.7)

12.35
2.26

48.98 (37.5,
61.8)

21.29
3.42

36.18 (27.4, 47.1)*

8.35
1.92

40.63 (31.3,
52.4)%

12.84
1.75

30.72 (25.2, 38.8)"

2.67
0.76

35.56 (27.8, 45.5)"

6.43
1.36

4238 (32.6, 53.6)"

13.90
1.63

4535 (34.4,
61.8)%"

21.45
4.49

Data are presented as percentage or as median (25th, 75th percentiles)
PTH parathyroid hormone

" p<0.05 vs. spring (same sex or age subgroup)

# »<0.05 vs. men (same season)

& p <0.05 between age all age groups (same season)



Arch Osteoporos (2020) 15: 66 Page50f8 66
Fig. 1 Serum 25(OH)D (dashed i i 48
sinusoidal line) and PTH (solid 40 - |
sinusoidal line) levels by the day | |
of serum sample. Dashed and : :
solid vertical lines signal the day =5 | | L 46
for minimum and maximum of g 351 | | -
25(OH)D and PTH levels =y : : E
respectively. There is a time lag of ~ | | 2
28 days between the vertical lines a | | =
I 301 I I L aa T
N | :
‘; I =" +=< ~ S
) | < | > I
n e N 42
L | \
20 - ' -7 ' >
S - | L~ |
——-- |
T I T T T I T T T 40
0 50 100 150 200 250 300 350

significantly lower levels of PTH than women in all seasons.
This is consistent with our [3] and other [4] previous studies
who showed higher levels of serum 25(OH)D in males com-
pared with females in Romania. Studies from Europe showed
mixed results with both males or females having higher
25(0OH)D levels all year round or just during particular sea-
sons [17, 18]. USA studies revealed higher serum 25(OH)D
levels in females and corresponding lower PTH levels [9].
These differences probably incorporate genetic, food, cloth-
ing, and cultural variation [18]. In Romania, men tend to wear
lighter clothes in the spring-fall interval and are also prone to
spend more time outdoors than women.

Age subgroup analysis showed a significant increase in
serum PTH with advancing age in all seasons, similar to other
studies [19]. Declining renal function is the most probable
explanation for the higher PTH levels in subjects over 40 years
ofage [20], but lower serum 25(OH)D levels [3, 4], decreased
calcium intake, malabsorption, or other factors [21] have to be
considered with advancing age. The importance of lower cal-
cium intake and malabsorption [22-24] is supported by the
secondary analysis of our study which showed a significant
trend for increasing serum PTH with advancing age for all
serum 25(OH)D categories, from deficiency to sufficiency,
and for all ages. As renal function is maintained until 40 years
of age, the lower PTH levels in children compared with that of
young adults might be due to calcium intake and absorption
[22-24] or other factors [25]. Also, a high calcium intake (as
food or supplements) could explain, at least partially, the oc-
currence of some low PTH serum levels in subjects with vita-
min D deficiency.

The proportion of subjects with PTH serum levels above
the normal range (over 65 pg/mL) generally follows the
sinusoidal variation of PTH with the highest proportions
during spring, between 5.18% in 0-17 years of age

n" day of the year

subgroup and 27.27% in over 65 years of age subgroup. In
subjects with serum 25(OH)D levels over 20 ng/mL, high
PTH values (over the upper limit of normal) are virtually
restricted to those over 41 years of age. This suggests an age
and renal effect more than a 25(OH)D-related one. It is in-
teresting to note that the proportion of subjects with signif-
icantly increased PTH (over 100 pg/mL) is rather stable
across the year suggesting that these values are more prob-
able due to an underlying renal disease, not stated in the
diagnosis by the treating physician, and not to the normal
seasonal variation of 25(OH)D.

In the secondary analysis on subjects with simultaneous
measurement of PTH and 25(OH)D, the inflection points on
sinusoidal curve of serum PTH followed the 25(OH)D nadir/
peak after 28 days, in good agreement with other studies
which calculated a time lag of 2 to 4 weeks [8, 9, 11, 26].
Also, in our previous study on vitamin D seasonal variation in
Romania including a much larger sample of subjects, the
25(0OH)D serum levels had their nadir/peak about 2-3 weeks
before the peak/nadir of PTH in the current study [3]. The
reasons for this delay are not fully understood by; it might
be related to vitamin D storage and release from the adipose
tissue [27] and the mechanism of action at the cellular level
[28].

Our study also confirmed the inverse 25(OH)D-PTH rela-
tion found in other studies [5, 7, 8, 10, 13], including
Romanian subjects [6]. The piecewise regression found a
breakpoint of 12.82 ng/mL below which the level of the slope
for PTH increased from 0.31 to 2.35 suggesting this as an
intervention threshold. This is consistent with studies on other
populations confirming the lack of influence of genetic back-
ground on the dependency of PTH or other bone markers on
vitamin D status [5, 8]. We were not able to find a threshold
level of serum 25(OH)D at which serum PTH plateaus.

@ Springer
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Fig. 2 a Correlation (solid line) 200 -

between serum 25(OH)D and
PTH. Horizontal dashed line
represents the upper normal limit
for serum PTH. Vertical dashed
line represents the breakpoint
(25(0OH)D = 12.82 ng/mL). The
horizontal box-plot represents the
distribution of serum 25(OH)D in
the 2800 subjects. b Box-plots of
serum PTH for every 5 ng/mL
interval of serum 25(OH)D
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The biggest limitation of our study is that the included
subjects are not a sample of the general population of
Romania. Also, as our endocrinology center is located in
the southern part of Romania, it receives patients mainly
from this part of the country. The place of birth of our
subjects confirms this predominance. Another limitation
is the retrospective nature of our study. However, this
allowed us to enroll an adequate number of subjects.
Also, the intake of vitamin D and calcium (dietary or med-
ication) was not available for any subject. This bias was
minimized two ways: (1) by selecting only the first value
(in case of serial measurements) as subjects with high
PTH/low 25(OH)D levels is expected to receive vitamin
D supplementation in the future and (2) by excluding

@ Springer
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subjects with a diagnosis of osteopenia or osteoporosis as
they are expected to receive vitamin D and calcium sup-
plementation and antiosteoporotic drugs who may directly
or indirectly modify PTH serum levels. According to a
2018 survey of the National Institute of Public Health
[29] on a representative Romanian sample, the mean daily
calcium intake was 734 mg for men and 709 mg for wom-
en. We could not collect data on body mass index, medi-
cation or alcohol use, smoking status, place of living, and
biochemistry (serum creatinine or creatinine clearance, se-
rum calcium, etc.). However, the large number of clinically
based subjects, with uniform test methods, provides impor-
tant insights and can overcome the absence of the
abovementioned parameters.
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Fig. 3 Serum PTH levels by 120 1 .
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The main advantage of our study is the very large number
of subjects which is of utmost importance when minimal var-
iations (less than 10% of the upper limit of normal in the case
of PTH) are expected across the year. Also, the large number
of subjects allowed subgroup analysis (by season, age, sex, or
25(OH)D serum levels). As the general results could be repli-
cated in all subgroup analyses, this confirmed that seasonality
was not fortuitous.

Taken together, our results showed that the PTH seasonal
variation in Romania is mild (6.8% of the upper limit of nor-
mal) and probably of no clinical importance. Moreover, it is
unlikely that this variation can impact the clinical interpreta-
tion of PTH measurements. We also showed that PTH serum
levels over 100 pg/mL are very probably the expression of an
underlying disease and not the result of seasonal variation or
vitamin D deficiency.

We have to notice that the seasonal nadir of serum
25(0OH)D, whether from this or previous studies in Romania
[3, 4], is higher than the 12.82 ng/mL breakpoint below which
the PTH has a much steeper increase. Also, the normal sea-
sonal vitamin D variation does not translate in PTH serum
levels above the upper limit of the normal. These suggest that
whole population supplementation with vitamin D (by medi-
cation or by food fortification) is not recommended for our
country. Instead, vitamin D supplementation should be recom-
mended in at-risk groups (e.g., over 65 years of age) or on a
case-by-case scenario.

In conclusion, our data show a mild seasonal variation of
serum PTH in Romania, at an inverse sinusoidal pattern than
serum 25(OH)D. Data from serum 25(OH)D seasonal varia-
tion and PTH-25(OH)D relation suggest that in Romania,
vitamin D supplementation is warranted only in at-risk
groups.

Serum 25(OH)D (ng/mL)
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