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Abstract

Introduction: Studies about vitamin D [25(OH)D] stability in plasma are limited and preanalytical variables such as tube type may affect results. We 
aimed to evaluate effect of storage conditions, sample type and some preanalytical variables on vitamin D concentration.
Materials and methods: Blood samples from 15 healthy subjects were centrifuged at different temperatures and stored under different conditi-
ons. Serum and plasma 25(OH)D difference, effect of centrifugation temperature and common storage conditions were investigated.
Results: There was no difference between serum and plasma vitamin D concentration. Centrifugation temperature had no impact on vitamin D 
concentration. 25(OH)D is stable under common storage conditions: 4 hours at room temperature, 24 hours at 2-8 °C, 7 days at -20 °C, 3 months at 
-80 °C.
Conclusion: Vitamin D does not require any special storage conditions and refrigeration. Both serum and plasma can be used for measurement.
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Introduction

25-hydroxyvitamin D [25(OH)D] is the most impor-
tant vitamin D form in the circulation and the most 
reliable indicator of vitamin D storage (1). The half-
life of 25(OH)D is approximately 20 days and there-
fore it is considered as the parameter that best re-
flects the vitamin D condition (synthesis, uptake 
and consumption) in the organism. Vitamin D is 
found mostly as 25(OH)D3 in the blood, which is 
the main form of storage (2).

Older studies about long-term stability of vitamin 
D reported that samples stored at -20 °C showed 
10% decrease in vitamin D concentration after 3 
months (3,4). In addition, after evaluating short-
term vitamin D stability in serum and plasma sam-
ples, one older study reported absence of signifi-
cant change at 24 °C during 72 hours (5). However, 
these studies have some limitations such as small 
sample size and imprecision of the assay used. Sta-
bility studies conducted in the last decade evalu-

ated vitamin D metabolites only in serum in a lim-
ited number of samples (6-8). Multiple freeze thaw 
cycles and delayed centrifugation were reported 
not to affect vitamin D concentration (9), though 
measurement may be affected by some other pre-
analytical factors, like capillary sampling, pro-
longed direct sunlight exposure, and in some as-
says, the choice of collection tube (8,10,11).

Although vitamin D is considered as a relatively 
stable analyte, effect of preanalytical conditions 
and stability of vitamin D in serum and plasma 
needs to be identified clearly due to the limitations 
of previous studies. Also, as vitamin D is a test not 
determined in every laboratory and samples are 
very often shipped for analyte determination, it 
has been considered that optimization of storage 
and transfer conditions is necessary to minimize 
pre-analytical errors.
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Therefore, objectives of this study were: i) to inves-
tigate the difference between serum and plasma, 
as well as the effect of centrifugation procedures 
and the effect of standing conditions in normal 
routine run on the vitamin D concentration meas-
urement; ii) to evaluate the storage conditions for 
samples not to be run on the same day and to be 
shipped to an external laboratory.

Materials and methods

Subjects

The study was performed in Tepecik Training and 
Research Hospital Biochemistry Department, Izmir, 
Turkey, between February and May 2012. Fifteen 
voluntary laboratory employees aged 27-63 years 
were enrolled in the study. Subjects were healthy 
adults, with no known diagnosis of cancer, diabe-
tes mellitus, cardiovascular diseases and oste-

oporosis. Information about the study was provid-
ed for all participants. Participants have completed 
an informed consent form. The study was ap-
proved by the Tepecik Training and Research Hos-
pital Ethics Committee and complies with the ethi-
cal principles of the Declaration of Helsinki.

Methods

Sample collection was completed within two days. 
Each participant was present at laboratory in the 
morning of sampling day, after fasting for 8-12 
hours without taking any medicine. Each partici-
pant rested in a seated position prior sampling. 
Blood sampling was performed by one experi-
enced laboratory technician.

Venous blood was collected into two 8.5 mL se-
rum separator tubes (BD Vacutainer; Becton Dick-
inson, Meylan, France) with clot activator and three 
2 mL EDTA tubes (BD Vacutainer; Becton Dickin-

Figure 1. Flowchart of the study design.
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Table 1. Median and interquartile range values of hour 0, hour 4 (room temperature) and hour 24 (4 °C) results after centrifugation of 
plasma and serum samples at room temperature.

Vitamin D Hour 0 Hour 4 Hour 24 (4 °C) P value

Plasma (nmol/L) 36.84
(32.19-54.66)

38.48
(29.92-55.01)

39.93
(31.64-48.39) 0.145

Serum (nmol/L) 41.18
(29.70-59.23)

43.00
(31.17-50.24)

37.44
(32.09-49.22) 0.516

Vitamin D Hour 0 Hour 24 (-20 °C) Day 7 (-20 °C) Month 3 (-80 °C) P value

Plasma (nmol/L) 40.18
(28.09-54.46)

40.38
(28.60-53.68)

44.02
(35.39-55.11)

39.61
(28.42-55.18) 0.610

Serum (nmol/L) 40.80
(29.87-59.40)

42.55
(33.07-58.98)

40.78
(34.36-53.48)

44.06
(34.24-51.29) 0.489

Table 2. Median and interquartile range values of hour 0, hour 24, day 7 and month 3 results of plasma and serum samples at low 
temperature conditions.

son, Meylan, France). Samples were divided into 
two sets: low temperature conditions and normal 
laboratory conditions (Figure 1). At low tempera-
ture conditions, EDTA samples were centrifuged in 
refrigerated centrifuge (2-8 °C) immediately after 
blood collection. Serum samples were placed at 2-8 
°C for 30 min to allow proper clot formation, and 
then centrifuged in refrigerated centrifuge. At nor-
mal laboratory conditions, all samples were centri-
fuged at room temperature: EDTA samples immedi-
ately and serum tubes after 30 minutes in upright 
position. All collection tubes were centrifuged at 
3000 x g for 10 minutes. Immediately after centrif-
ugation, both serum and EDTA samples of normal 
laboratory conditions were aliquoted into 3 vials. 
Time intervals and storage conditions for aliquots 
of normal laboratory conditions were as follows: 1) 
one vial for zero time measurement, 2) 4 hours at 
room temperature, and 3) 24 hours at 2-8 °C.

Both serum and EDTA samples of low temperature 
conditions were aliquoted into 4 vials. Time inter-
vals and storage temperatures for aliquots of low 
laboratory conditions were as follows: 1) one vial 
for zero time measurement, 2) 24 hours at -20 °C, 
3) days at -20 °C, and 4) 3 months at -80 °C.

25(OH)D concentration was measured on Cobas E 
411 immunoanalyzer (Roche Diagnostics, Mannhe-
im, Germany). Prior to determination of vitamin D 
concentration for each study period, device was 

calibrated with original calibrator and verified with 
internal quality control serum (Cobas PreciControl 
Varia). The within-run and within-laboratory coef-
ficients of variation were 5.1% and 8.5% at 37.5 
nmol/L, 3.1% and 5.2% at 70 nmol/L.

Statistical analysis

Data analysis was done using SPSS version 15 (SPSS 
Inc., Chicago, IL, USA). Normality of distribution 
was tested using the Kolmogorov-Smirnov test. As 
the data did not follow normal distribution (P = 
0.036 for plasma, P = 0.046 for serum), Wilcoxon 
signed rank test and Friedman repeated measures 
ANOVA were used for comparison of dependent 
samples. Results were presented as median and 
interquartile range. P values ≤ 0.05 were consid-
ered statistically significant. Explanatory variables 
included centrifugation method (two categories), 
collection tube (two categories), and storage time. 
In our study, all comparisons were made against 
zero measurements (plasma, serum, normal centri-
fuge, refrigerated centrifuge).

Results

Plasma and serum 25(OH)D concentrations for 
samples subjected to normal and low temperature 
at different time intervals are shown in table 1 and 
table 2. In normal temperature conditions, plasma 
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concentration of vitamin D did not differ from se-
rum concentration at zero time (P = 0.088). There 
was no statistically significant difference between 
zero time, storage for 4 hours at room temperature 
and 24 hours at 2-8 °C (Friedman-ANOVA, P = 0.145 
for plasma, P = 0.516 for serum).

In low temperature conditions, plasma concentra-
tions of vitamin D were not significantly different 
from serum vitamin D concentration at zero time 
(P = 0.061). There was no statistically significant dif-
ference in vitamin D concentration between zero 
time, storage for 24 hour at -20 °C, for 7 days at -20 
°C and for 3 months at -80 °C (Friedman-ANOVA, P 
= 0.610 for plasma, P = 0.489 for serum).

No significant difference was observed between 
normal centrifuge and refrigerated centrifuge for 
both plasma and serum samples at zero time (P = 
0.464 and 0.731, respectively).

Discussion

In this study, we have investigated common stor-
age conditions: 4 hours at room temperature, 24 
hours at 2-8 °C and -20 °C, 7 days at -20 °C and 3 
months at -80 °C. 25(OH)D concentration did not 
show significant differences during the investigat-
ed time and temperature intervals. We found vita-
min D to be a stable analyte consistent with other 
studies (5-7).

This was the first study evaluating the effect of 
centrifugation temperature on vitamin D concen-

tration. No differences were observed between re-
frigerated centrifuge (2-8 °C) and centrifuge at 
room temperature. Centrifugation delays were in-
vestigated by another study and no significant dif-
ferences were reported up to 96 hour after blood 
collection (10). It seems that vitamin D requires no 
special attention in terms of centrifugation.

Current study investigated both serum and plasma 
samples and the results showed that sample type 
did not affect stability. Both serum and plasma can 
be used for storage. The difference in 25(OH)D 
concentrations according to tube type in some as-
says was reported by another study for heparinized 
plasma (10).

The main limitation of this study is the storage 
conditions investigated. Storage conditions are 
short time intervals but our objective was to ex-
amine possible conditions that could be encoun-
tered commonly.

In conclusion our data confirmed that vitamin D is 
stable under common storage conditions. There is 
no significant difference between serum and plas-
ma vitamin D and centrifugation temperature has 
no effect on vitamin D concentration.

Acknowledgement

The authors are thankful to Roche Diagnostics for 
providing reagents for this study.

Potential conflict of interest

This study was sponsored by Roche Diagnostics 
Turkey A.S.

References
  1.	 Davenport ML, Uckun A, Calikoglu AS. Pediatrician pa-

tterns of prescribing vitamin supplementation for infants: 
Do they contribute to rickets? Pediatrics 2004;113:179-80. 
http://dx.doi.org/10.1542/peds.113.1.179.

  2.	 Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D 
concentrations, and safety. Am J Clin Nutr 1999;69:842-56.

  3.	 Norris RLG, Thomas MJ, Craswell PW. Assessment of a two-
step high-performance liquid chromatographic assay 
using dual-wavelength ultraviolet monitoring for 25-hy-
droxyergocalciferol and 25-hydroxycholecalciferol in hu-
man serum or plasma. J Chromatogr 1986;381:53-61.

  4.	 Ocke MC, Schrijver J, Obermann-de Boer GL, Bloemberg BP, 
Haenen GR, Kromhout D. Stability of blood (pro)vitamins 
during four years of storage at -20 degrees C: consequences 
for epidemiologic research. J Clin Epidemiol 1995;48:1077-
85. http://dx.doi.org/10.1016/0895-4356(94)00232-F.

  5.	 Lissner D, Mason RS, Posen S. Stability of vitamin D me-
tabolites in human blood serum and plasma. Clin Chem 
1981;27:773-4.

  6.	 Wielders JP, Wijnberg FA. Preanalytical stability of 25(OH)-
Vitamin D3 in human blood or serum at room tempera-
ture: Solid as a rock. Clin Chem 2009;55:1584-95. http://
dx.doi.org/10.1373/clinchem.2008.117366.



http://dx.doi.org/10.11613/BM.2013.039	 Biochemia Medica 2013;23(3):321–5 

		  325

Colak A. et al.	 Preanalytical stability of vitamin D

  7.	 Lewis JG, Elder PA. Serum 25-OH vitamin D2 and D3 
are stable under exaggerated conditions. Clin Chem 
2008;54:1931-2. http://dx.doi.org/10.1373/clinchem.2008. 
111526.

  8.	 El-Khoury JM, Wang S. Stability of 1,25-dihydroxyvitamin 
D(2) and 1,25-dihydroxyvitamin D(3) in human serum. 
Clin Biochem 2012;45:707-8. http://dx.doi.org/10.1016/j.
clinbiochem.2012.03.016,

  9.	 Antoniucci DM, Black DM, Sellmeyer DE. Serum 25-hy-
droxyvitamin D is unaffected by multiple freeze-thaw cyc-
les. Clin Chem 2005;51:258-61. http://dx.doi.org/10.1373/
clinchem.2004.041954.

10.	 Yu CL, Falk RT, Kimlin MG, Rajaraman P, Sigurdson AJ, Horst 
RL, et al. The impact of delayed blood centrifuging, choice 
of collection tube, and type of assay on 25-hydroxyvitamin 
D concentrations. Cancer Causes Control 2010;21:643-8. 
http://dx.doi.org/10.1007/s10552-009-9485-x.

11.	 Dayre McNally J, Matheson LA, Sankaran K, Rosenberg AM. 
Capillary blood sampling as an alternative to venipunctu-
re in the assessment of serum 25 hydroxyvitamin D levels. 
J Steroid Biochem Mol Biol 2008;112:164-8. http://dx.doi.
org/10.1016/j.jsbmb.2008.08.006.




