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Abstract

Introduction: Human immunodeficiency virus (HIV)-infected patients treated with antiretroviral
therapy (ART) are at high risk for vitamin D insufficiency, which is essentially caused by interference
of medication with vitamin D metabolism. Under these conditions, the preservation of natural seasonal
variability in vitamin D concentrations is not self-evident. Yet, for proper screening and interpretation
of laboratory findings, knowledge about seasonality is essential. Aim of the study was to describe sea-
sonal behavior in ART-treated HIV-infected patients in Central Europe.

Material and methods: It was a retrospective single-center study. Patients’ medical records were screened
for serum vitamin D levels, p-crosslaps, and surrogate values of bone turnover.

Results: A total of 1011 datasets (625 patients) were evaluated. Overall, the median vitamin D level
was 19.6 pg/l. In 207 (16.4%) datasets, patients were receiving oral cholecalciferol supplementation.
Seasonal changes in serum vitamin D levels were reflected by minimum levels (median 13.5 pg/l) in
March and maximum levels (median 23.7 pg/l) in July (p < 0.001). In contrast, serum calcium levels
were lowest in September and October (2.23 mmol/l) and highest in May (2.32 mmol/l).

Conclusions: Significant variation in seasonal serum vitamin D levels was found in an unselected
population of HIV-infected patients. This finding is in line with results from HIV-negative popu-
lations. Accordingly, the time point of vitamin D testing might be crucial for appropriate diagno-
sis of hypovitaminosis. We recommend vitamin D testing between December and May to provide
the highest sensitivity. As serum calcium levels did not demonstrate the same pattern, the meaning
of this finding is unclear and warrants further investigation.
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of 25-OH-cholecalciferol (vitamin D) insufficiency than
matched HIV-negative controls [2]. But it also implies an
interesting detail: more than HIV infection itself, the effect
of antiretroviral therapy (ART) on vitamin D metabolism

Introduction

The Endocrine Society (ES) guidelines on vitamin D
are probably the most cited and respected recommenda-
tions on this topic [1]. Interesting for human immunode-

ficiency virus (HIV) caretakers is that they accommodate
the fact of HIV-infected patients having a higher prevalence
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is a risk factor for vitamin D deficiency and insufficiency.
Therefore, only HIV-infected patients on ART are consid-
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Table 1. Demographic characteristics of patients without cholecalciferol supplementation. Data are shown as absolute (%)

or median (95% Cl)

All Non-African population African population

Factor p
N (%) n (%) n (%)

Male sex 448 81.3 422 86.3 26 419
Age 47.0 48.0 38.5
Patients 551 489 62
Datasets 804 714 920
Datasets per patient 1.5 1.5 1.5
Serum vitamin D, mean levels [ug/l] 17.4 (16.5-18.4) 18.6 (17.5-19.4) 11.0 (9.4-11.8) < 0.001
B-crosslaps, mean levels [ng/ml] 0.33 (0.31-0.34) 0.33 (0.32-0.35) 0.30 (0.27-0.35) 0.132
if/r;;“[sl/ﬁ“”e phosphatase, mean 83.0 (81.0-85.0) 83.0 (81.0-85.0) 84.5 (77.0-89.0) 0.800
Serum calcium, mean levels [mmol/l] 2.27 (2.27-2.28) 2.28 (2.27-2.29) 2.26 (2.23-2.28) 0.100
Serum phosphate, mean levels [mg/dl] 3.1 (3.1-3.2) 3.1 (3.0-3.1) 3.4 (3.3-3.5) < 0.001
Serum creatinine, mean levels [mg/dl] 1.00 (0.90-1.10) 1.00 (0.90-1.10) 0.90 (0.80-1.00) < 0.001

ered at particular risk and screening is recommended for
this subset of HIV-infected patients [1].

In a general population, daily sunlight exposure influ-
ences vitamin D serum concentrations, leading to strong
seasonal intra- and inter-individual variability [3, 4]. It is not
self-evident, though, that these results can be transferred to
HIV-infected subjects: for patients on anticonvulsant drugs
(which are considered to interfere similarly to ART [1]) and
patients with hyperparathyroidism (which was found to oc-
cur secondary to ART with tenofovir disoproxil fumarate
[5, 6]) a loss of seasonality has been described [7, 8]. Al-
though a seasonal difference has been hinted at in some small
or highly selective HIV-infected populations [9-12], detailed
information is sparse. Yet, knowledge about seasonality is es-
sential for interpretation of laboratory results of vitamin D
concentrations.

In the current observational study, we aimed to inves-
tigate changes in serum vitamin D levels and the course
of markers of bone turnover throughout the year in HIV-
infected patients in a large central European cohort.

Material and methods

All data were collected from medical records of HIV
patients from a single HIV specialized outpatient center in
Munich, Germany, between October 2014 and February 2016.
Demographic data, including date of birth, sex, and ethnicity
(African or non-African), cholecalciferol supplement status
at the time of serum vitamin D measurement, co-medication,
and laboratory parameters (vitamin D, p-crosslaps, alkaline
phosphatase [AP], serum creatinine, serum calcium, and se-
rum phosphate) were collected. Only patients with values for
both vitamin D and B-crosslaps were considered for analysis.
Vitamin D insufficiency (< 30 pg/l) and deficiency (< 20 pg/l)
were defined as per the Endocrine Society [1].

Unless otherwise declared, data are reported as medians
with the corresponding 95% confidence intervals (CI). Sta-
tistical analysis was performed using STATA SE 13.1 soft-
ware (Stata, Texas, USA). Comparison for differences in two
distinct groups was performed using the Mann-Whitney
test. Comparison for differences in more than two groups
was performed using the Kruskal-Wallis test. P < 0.05 was
considered statistically significant.

Results

A total of 1011 datasets from 623 patients were includ-
ed, of which 505 (81.1%) were men. Mean age was 47 years
(range: 24-85), and 67 patients (10.8%) were of African eth-
nicity. Median serum vitamin D level was 19.6 ug/1 (95% CI:
18.8-20.6). In 216 (21.4%) datasets, vitamin D levels were
>30 pg/l; in 281 datasets (27.8%), levels were 20.0-29.9 pg/l; in
191 (18.9%) datasets, levels were < 10 ug/l; and in 11 datasets
(1.9%), levels were < 4 pg/l. In 207 datasets (20.5%), patients
were receiving cholecalciferol supplementation (Table 1).

To avoid bias by race, only non-African subjects of the en-
tire study population were considered for detailed analy-
sis of seasonal alterations in vitamin D levels and markers
of bone turnover, as statistically significant differences were
found between the ethnicity groups (Table 1).

Non-African subpopulation without
cholecalciferol supplementation

This analyzed subset consisted of 714 datasets from 489
patients. In 598 datasets (83.8%) and 435 patients (89.0%),
serum vitamin D levels < 30 ug/l were detected, consistent
with vitamin D insufficiency. In 398 datasets (55.7%) and
311 patients (63.6%), vitamin D levels < 20 pg/l were found,
consistent with vitamin D deficiency.
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Median vitamin D level in this group was 18.6 g/l
Vitamin D levels showed clear seasonal variation (p < 0.001),
with the lowest median level occurring in March (12.1 pg/l),
while the highest median level occurred in September
(24.4 pg/l) (Figure 1). Median vitamin D levels differed from
the lowest vitamin D levels in March (13.8 ug/l) as follows:
January A + 5.5 pg/l (p = 0.001), February A + 3.0 pg/l
(p =0.163), April A + 2.6 pg/l (p = 0.158), May A + 5.4 pg/l
(p = 0.136), June A + 9.5 pg/l (p < 0.001), July A + 9.7 ug/l
(p < 0.001), August A + 9.3 pg/l (p < 0.001), September
A +12.3 pg/l (p < 0.001), October A + 7.0 pg/l (p < 0.001),
November A + 4.2 ug/l (p = 0.025), and December A + 3.0 pg/1
(p =0.207).

A polynomial trend line for the course of monthly mean
vitamin D values on a population base throughout the year
resulted in a sinusoidal line, with a maximum vitamin D
level of 23.8 ug/l and a minimum of 13.1 ug/l, therefore
oscillating with an amplitude (¢) of 5.35 ug/l on a base-
line (b) of 18.5 pg/l with a period of about 10 months.
The course of the median values could therefore be ap-
proximated by a modified sinus function, with ‘m’ being
the month of testing (January = 1 to October = 10, Novem-
ber = 1, December = 2):

y(m) =b + ¢ x (-sin (2 x 1)/10 x (m - 1))

Median calcium level was 2.28 mmol/l (2.27-2.29).
There was a significant change in calcium levels throughout
the months, with the lowest levels occurring in September
and October (2.23 mmol/l) and the highest levels occurring
in May (2.32 mmol/l) (p < 0.001). There was no significant
seasonal variation of B-crosslaps (p = 0.333), AP (p = 0.059),
or phosphate (p = 0.063).

Discussion

While there is a consensus on screening HIV-infected
patients for vitamin D deficiency [1], details about the in-
fluence of ART on seasonality of vitamin D concentrations
have not been reported so far. Yet, this knowledge is es-
sential for proper interpretation of the results while several
considerations give rise to doubt about the transferability
of data from general populations.

The present study demonstrates significant seasonal
changes in vitamin D levels in a large population of HIV-
infected, mainly Caucasian patients from Central Europe
treated with a wide variety of antiretroviral drugs. The chang-
es seemed to be well approximated by a modified sinusoidal
curve. Since this function also reflects the time of exposure to
sunlight and intensity, the term ¢ (5.35 in our study) might
be a function of individual factors. However, as vitamin D
levels vary with latitude in Caucasians [13], ¢ may also be
a function of latitude (Munich, Germany: 48.14’). The differ-
ence between the lowest and highest median vitamin D lev-
els was as high as 12.3 ug/l - an enormous magnitude given
a continuous threshold of only 30 ug/l.
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Figure 1. Monthly changes of serum vitamin D levels. Month-
ly distribution of serum vitamin D levels showing seasonal
changes in non-African patients not taking cholecalciferol
(p < 0.001). The dotted line shows a polynomial trend line

Time of testing is not explicitly stated in most relevant
guidelines and recommendations, implying that every pa-
tient with concentrations below the threshold at any time
will be considered insufficient or deficient. In other words,
a subject’s lowest vitamin D level will classify the subject’s
vitamin D status. To provide high sensitivity for screening
for vitamin D insufficiency in a high-risk population we
should therefore try to screen during the time of the low-
est expected vitamin D levels. The lowest concentrations
of vitamin D levels in our study population were found in
March. However, with the exception of January, vitamin D
levels from December to May did not differ significantly
from those in March. We hypothesize that the unexpected
high vitamin D levels in January were caused by inclusion
of data from January 2016, which had a preceding mild and
sunny winter season, compared to prior years (about 307
hours of sunlight from October to December 2015 com-
pared to about 180 hours of sunlight during the same time
in 2014) [14, 15].

Based on the present findings, screening with the high-
est sensitivity for vitamin D insufficiency in non-African
HIV-infected patients in Central Europe would be between
December and May.

Interestingly, of all other analyzed parameters, only cal-
cium showed seasonal variation. This raises the question
whether seasonal changes in vitamin D levels are of any
importance concerning bone health, particularly the de-
velopment of osteoporosis.

A possible limitation of our study is a potential selected
population bias, which would suggest that the values ob-
tained throughout the year are independent samples. How-
ever, since all samples were obtained from routine analysis
based on an alphabetic system, the chance of selection bias
was minimized; accordingly, inter-individual changes may
be representative of individual changes.
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Conclusions

In conclusion, we demonstrated significant month-to-
month changes in serum vitamin D levels in HIV-infected
patients. As vitamin D supplementation and accurate test-
ing of vitamin D levels may help to prevent bone disease in
HIV-infected patients, we recommend testing between De-
cember and May, when the lowest serum vitamin D levels
are expected, providing the highest sensitivity to vitamin D
insufficiency and deficiency. Of markers of bone turnover,
only serum calcium levels showed seasonal variation. This
raises questions regarding whether seasonal serum vitamin
D variability is related to bone health in HIV-infected pa-
tients.
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