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Abstract

Introduction: Many studies report vitamin D (25-OH-D) deficiency, although there is no consensus among scientific societies on cut-offs and refe-
rence intervals (RI). The aim of this study is to establish and compare RI for serum 25-OH-D by direct and indirect methods.
Materials and methods: Two studies were performed in Zaragoza (Spain). A retrospective study (N = 7222) between January 2017 and April 2019 
was used for RI calculation by indirect method and a prospective study (N = 312) with healthy volunteers recruited in August 2019 and February 
2020 for direct method. Seasonal differences were investigated. Measurements were performed on Cobas C8000 (Roche-Diagnostics, Basel, Switzer-
land) using electrochemiluminescence immunoassay technology.
Results: Reference intervals (2.5-97.5 percentile and corresponding 95% confidence intervals, CIs) were as follows: by indirect method 5.6 ng/mL 
(5.4 to 5.8) - 57.2 ng/mL (55.2 to 59.8), in winter 5.4 ng/mL (5.2 to 5.7) - 55.7 ng/mL (53.6 to 58.4), while in summer 5.9 ng/mL (5.4 to 6.2) - 59.9 ng/
mL (56.3 to 62.9). By direct method 9.0 ng/mL (5.7 to 9.5) - 41.4 ng/mL (37.6 to 48.0), in winter 7.4 ng/mL (3.9 to 8.6) - 34.6 ng/mL (30.6 to 51.5), 
while in summer 13.3 ng/mL (10.1 to 14.1) - 44.1 ng/mL (38.9 to 66.0). In both methods, RIs were higher in summer. A significant difference was ob-
served in 25-OH-D median values between the two methods (P < 0.001).
Conclusions: Reference interval calculation according to the studied area may be a useful tool to adapt the deficiency cut-offs for 25-OH-D. Our data 
support 25-OH-D values over 12.0 ng/mL for healthy population as sufficient, therefore current recommendations should be updated. In addition, 
differences in seasonality should be taken into account.
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Highlights 

•	 Addressing vitamin D deficiency, we established reference intervals using direct and indirect methods
•	 Winter reference intervals (5.4-55.7 ng/mL) contrasts with higher summer values (5.9-59.9 ng/mL), emphasizing the impact of seasons
•	 Differences between vitamin D reference intervals obtained by direct and indirect methods were detected
•	 The importance of regional factors is critical; notable distinctions in vitamin D values underscore the need for revised guidelines

Introduction

Vitamin D is a liposoluble hormone that plays di-
verse roles in several physiological processes. The 
vast majority of vitamin D that we use comes from 
the cutaneous transformation of 7-dehydrocholes-

terol into cholecalciferol by sunlight. In order to 
exert its metabolic actions, cholecalciferol requires 
two enzymatic hydroxylations. The first takes 
place in the liver, obtaining 25-hydroxyvitamin D 
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(25-OH-D: calcidiol) and the second in the kidney, 
obtaining the active vitamin D or 1,25-dihydroxy-
vitamin D (calcitriol). Serum 25-OH-D is the param-
eter which best reflects the vitamin D status. Fur-
thermore, some factors influence the vitamin D 
status. Cloud cover, time of day, altitude and air 
pollution can affect production and show regional 
variations in vitamin D status (1,2). Other physio-
logical factors such as gender, age or skin color 
may also affect the production of vitamin D (3). Fi-
nally, the absorption and bioavailability of vitamin 
D is affected by summer/winter variations, malab-
sorption conditions, medication, sun cream, smok-
ing and obesity (4,5). 

In the last few years, studies link the deficiency of 
vitamin D to different pathologies such as diabe-
tes, cancer, cardiovascular diseases or infertility (5). 
However, almost none of them has demonstrated 
the benefit of vitamin D supplementation (6,7). At 
the same time, several studies report high preva-
lence of vitamin D deficiency (8). Currently, there is 
no consensus among the scientific societies about 
reference intervals (RI) for vitamin D. On one hand, 
the Institute of Medicine (IOM) specifies that vita-
min D deficiency is present when serum concen-
trations of 25-OH-D are below 20 ng/mL (9). Nev-
ertheless, United States Endocrine Society and Ja-
pan Endocrine Society consider deficiency defined 
as 25-OH-D concentrations below 20 ng/mL, and 
vitamin D insufficiency as 25-OH-D of 21-29 ng/mL 
(10,11). On the other hand, Spanish Endocrine Soci-
ety suggests maintaining serum 25-OH-D concen-
trations between 30 and 50 ng/mL to achieve 
health benefits provided by vitamin D (12).

The International Federation of Clinical Chemistry 
and Laboratory Medicine (IFCC) and the Clinical & 
Laboratory Standard Institute (CLSI) recommend 
that each clinical laboratory should determine 
their own RI in cases when RI is not well-estab-
lished (13,14). Sometimes, adoption of RIs offered 
by the diagnostic manufacturer or by external 
sources could be preferred. Nonetheless, this prac-
tice might lead to errors and interpretation prob-
lems obtained in the results, especially in analytes 
as vitamin D, which, as mentioned above, varies 
cyclically over the year (1,2,15). Direct method is 
considered as the reference method to obtain RI, 

but it can be hard to organize, time-consuming 
and expensive. It is necessary to recruit a large 
number of well-defined healthy individuals and to 
implement sample collection, handling and analy-
sis schemes (16,17). Currently, due to the large vol-
ume of routine laboratory data available in the 
laboratory information system (LIS), indirect meth-
ods for RI are becoming more common. These 
methods are practical and cost-effective, moreo-
ver, the sample size of the database is usually ade-
quate after excluding non-compliant samples. 
However, statistical tools are needed to resolve se-
lection distributions (17,18).

Accordingly, the present study aims to establish 
and compare the RI in serum blood for vitamin D 
by direct and indirect methods in our assistance 
area in Zaragoza (Spain).

Materials and methods

Subjects

The study consisted of establishing 25-OH-D RI us-
ing two methodologies: direct and indirect meth-
ods. Reference intervals were obtained with the 
overall data and split by seasonality, according to 
the months in which the samples were taken. The 
indirect method patients were distributed in “win-
ter” from November to April and in “summer” from 
May to October. The direct method patients were 
already explicitly recruited in February for the 
“winter” group and August for “summer”.

On one hand, indirect RI methods were obtained 
from a retrospective study between January 2017 
and April 2019 of 25-OH-D requested at the Hospi-
tal Clínico Universitario Lozano Blesa (Zaragoza, 
Spain). Patients with one-off request of 25-OH-D, 
older than 18 years old and with normal concentra-
tions of parathormone (PTH), calcium and phos-
phorous were included in the study. Values of 25-
OH-D outside the measurement range of the meth-
od (3-100 ng/mL) and requests from oncology, 
nephrology, rheumatology and surgery services 
were excluded. On the other hand, we conducted a 
prospective study with volunteers from the Blood 
and Tissue Bank of Aragón to determine RI using di-
rect methods. Values of 25-OH-D oscillate accord-
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ing to sun exposure therefore samples were collect-
ed in periods of highest and lowest sun exposure, 
August 2019 and February 2020, respectively (19). 
Only volunteers 18-75 years old, with serum PTH, 
calcium and phosphorus values within the refer-
ence intervals were included in the study. Volun-
teers taking medication that could interfere with vi-
tamin D metabolism were excluded. Through a 
questionnaire, we ensured that selected volunteers 
did not exhibit any major illnesses such as diabetes, 
hypertension or chronic disease, nor any other con-
ditions related to osteocalcic metabolism.

The study was approved by the Research Ethics 
Committee of the Community of Aragón (C.I. 
PI19/346) and all patients provided written in-
formed consent.

Methods

All blood samples were collected using tubes 
Vacumed with clot activator and separation gel (FL 
Medical, Torreglia, Italy). Samples were centrifuged 
at 3500xg for 10 minutes. For indirect method 
study, all analysis were performed immediately af-
ter centrifugation. For direct method study, sam-
ples were aliquoted and frozen at - 80 °C until 
analysis. The samples were carefully thawed and 
mixed prior to analysis.

Electrochemiluminescence assays were used for 
25-OH-D and PTH measurement, whereas calcium 
and phosphorous were determined by spectro-
photometry assays. All analysis were performed 
by a Cobas C8000 analyzer (Roche Diagnostics, Ba-
sel, Switzerland) using their specific reagents. All 
the method calibrations and quality control as-
sessments were carried out and were within limits 
throughout all study duration. A comparison of 
the Elecsys Total Vitamin D III assay was performed 
using the Center of Disease Control and Preven-
tion (CDC) verification samples with the concen-
trations assigned by the CDC Vitamin D Reference 
Laboratory by isotope dilution liquid chromatog-
raphy-tandem mass spectrometry (ID-LC-MS/MS).

Statistical analysis

Outliers were identified and eliminated using 
Reed’s criteria (Reed-Dixon method). Normality of 

each parameter was tested by using the Kolmogo-
rov-Smirnov test. Normally distributed data are 
presented as mean and standard deviation, where-
as skewed distributed data as median and inter-
quartile range. 

Reference intervals were assessed by using statisti-
cal procedures recommended by CLSI and IFCC in 
CLSI/IFCC C28-A3 (13). Reference interval was cal-
culated using non-parametric methods, based on 
the calculation of the 2.5th percentile (p2.5) and 
97.5th percentile (p97.5) and their 95% confidence 
intervals (CI). All statistical analysis were performed 
using SPSS statistics v22.0 (IBM, Armonk, USA) and 
Jamovi v2.0 (The jamovi project (2023). jamovi 
(Version 2.3) (Computer Software)). Differences be-
tween parameters with normal distribution were 
tested using the Student t test, while for skewed 
distributions the Mann-Whitney U test was used. P 
values < 0.05 were considered statistically signifi-
cant.

Results

Indirect method

A total of 84,146 patient requests for 25-OH-D 
were extracted from the LIS. After applying the ac-
ceptance criteria, 7222 were included and distrib-
uted over the course of the months (Figure 1). 
There were 5248 (73%) female and 1974 (27%) 
male patients, median age 58 (range 18-99) years. 
Data distribution was skewed for 25-OH-D results 
(P < 0.001) and no outliers were detected. 

The estimated indirect RI for 25-OH-D was 5.6 ng/
mL (95% CI: 5.4 to 5.8) - 57.2 ng/mL (95% CI: 55.2 to 
59.8) with a median of 18.5 ng/mL (IQR: 15.5) (Ta-
ble 1). There was no significant difference in medi-
an 25-OH-D values according to sex (male: 17.6 ng/
mL (IQR: 34.7), female: 18.9 ng/mL (IQR: 15.5), P = 
0.27). 

The 7222 patients were distributed in “winter” (N = 
4148) and “summer” (N = 3074). Thus, in winter, RI 
was estimated at 5.4 ng/mL (95% CI: 5.2 to 5.7) - 
55.7 ng/mL (95% CI: 53.6 to 58.4) with a median of 
16.5 ng/mL (IQR: 9.8-24.7). In summer, RI ranged 
from 5.9 ng/mL (95% CI: 5.4 to 6.2) - 59.9 ng/mL 
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Indirect method Direct method

N Median (IQR) 2.5 P (CI) 97.5 P (CI) N Median (IQR) 2.5 P (CI) 97.5 P (CI)

25-OH-D, ng/mL 7222 18.5
(11.3-26.8)

5.6
(5.4 to 5.8)

57.2
(55.2 to 59.8) 312 21.3

(16.3-27.9)
9.0

(5.7 to 9.5)
41.4

(37.6 to 48.0)

25-OH-D, ng/mL 
(winter) 4148 16.5

(9.8-24.7)
5.4

(5.2 to 5.7)
55.7

(53.6 to 58.4) 131 17.0
(13.1-23.3)

7.4
(3.9 to 8.6)

34.6
(30.6 to 51.5)

25-OH-D, ng/mL
(summer) 3074 21.1 

(14.3-28.9)
5.9

(5.4 to 6.2)
59.9

(56.3 to 62.9) 181 24.4
(19.4-30.6)

13.3
(10.1 to 14.1)

44.1
(38.9 to 66.0)

Measurements were performed on Cobas-C8000 (Roche-Diagnostics, Basel, Switzerland) using electrochemiluminescence 
immunoassay technology. 25-OH-D - 25-hydroxyvitamin D. IQR – interquartile range. 2.5 P – 2.5th percentile. 97.5 P – 97.5th 
percentile. CI – confidence intervals.

Figure 1. Selection process for calculation of RI by indirect (A) and direct (B) methods, including acceptance and rejection criteria. 
PTH - parathormone.

Table 1. Study’s reference interval of 25-hydroxyvitamin D defined as percentiles by direct and indirect method

(95% CI: 56.3 to 62.9) with a median of 21.1 ng/mL 
(IQR: 14.3-28.9) (Table 1). There were 25-OH-D val-
ues significantly higher in summer than in winter 
(P < 0.001) (Figure 2).

Direct method

A total of 350 volunteers were recruited and, after 
criteria selection, 312 volunteers were definitively 
included. There were 121 (39%) female and 191 
(61%) male volunteers, median age 49 (range 18-

73) years. Data distribution was skewed for 25-OH-
D results (P < 0.001) and no outliers were detected. 

Reference interval was estimated at 9.0 ng/mL 
(95% CI: 5.7 to 9.5) - 41.4 ng/mL (95% CI: 37.6 to 
48.0) with a median of 21.3 ng/mL (IQR: 16.3-27.9) 
(Table 1). There was no significant difference in 
median 25-OH-D values according to sex (male: 
20.3 ng/mL (IQR: 13.0), female: 23.3 ng/mL (IQR: 
14.6), P = 0.34).

131 volunteers
(Aug 19)

181 volunteers
(Feb 20)

150 volunteers
(Aug 19)

200 volunteers
(Feb 20)

7222 patients

312 volunteers

84,146 requests
(Jan 17-Apr 19)

350 volunteers
(Jan 17-Apr 19)

One-off request
Oncology, nephrology, rheumatology, surgery

Vitamin D-related medication

>18 years
PTH, calcium and phosphorous in normal

range
Vitamin D: 3-100 ng/mL

18-75 years
PTH, calcium and phosphorous in normal

range

A

B
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Figure 3. Distribution of vitamin D concentrations by month 
(direct method; N = 312). The boxes represent the interquartile 
range, the middle horizontal line the median. 25-OH-D - 25-hy-
droxyvitamin D.

Figure 2. Distribution of vitamin D concentrations by month (indirect method; N = 7222). The boxes represent the interquartile 
range, the middle horizontal line the median. 25-OH-D - 25-hydroxyvitamin D.

Volunteers were splitted in “winter” (N = 131) and 
“summer” groups (N = 181). Winter RI values were 
7.4 ng/mL (95% CI: 3.9 to 8.6) - 34.6 ng/mL (95% CI: 
30.6 to 51.5) with a median of 17.0 ng/mL (IQR: 13.1-
23.3). Summer RI values were 13.3 ng/mL (95% CI: 
10.1 to 14.1) - 44.1 ng/mL (95% CI: 38.9 to 66.0) with 
a median of 24.4 ng/mL (IQR: 19.4-30.6) (Table 1). 
There was significant difference between the 
groups (P < 0.05) (Figure 3).

Comparison between direct and indirect 
reference intervals  

A comparison has been made between the above 
results for both methods, overall and by seasonali-
ty. A significant difference was observed in 25-OH-
D median values between the methods (indirect 
method: 18.5 ng/mL (IQR: 11.3-26.8), direct meth-
od: 21.4 ng/mL (IQR: 16.3-27.9); P < 0.001). Focus on 
the seasonality, summer season data showed a 
significant difference in the median (indirect 
method: 21.1 ng/mL (IQR: 14.3-28.9), direct meth-
od: 24.4 ng/mL (IQR: 19.4-30.6); P < 0.001). Never-
theless, there was no significant difference in win-
ter season (indirect method: 16.5 ng/mL, direct 
method: 17.0 ng/mL; P = 0.26). 

Discussion  

Our study is the first that establishes RIs by indi-
rect and direct methods for serum 25-OH-D by 
electrochemiluminescent immunoassay (ECLIA). It 
shows RI broader by indirect methods than direct 
methods (5.6-57.2 ng/mL and 9.0-41.4 ng/mL, re-
spectively). This could be explained by the fact 
that in the direct method we have recruited pa-
tients in two specific months, whereas in the indi-
rect method patients were recruited during a long 
continuous period. In addition, patients with pos-
sible pathologies or situations which could fluctu-
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ate 25-(OH)-D concentrations have been included 
in the indirect method calculation. These variables 
have been controlled in the direct method; conse-
quently, the use by the clinical laboratory special-
ists of these methods for RI calculations are more 
suitable. However, RIs and medians for the two 
methods are similar, hence they are consistent to 
define 25-OH-D lower RI of our population as in-
sufficient according to most clinical guidelines, 
which consider a cut-off point of 20 ng/mL (9-12).

In addition, as vitamin D is directly dependent on 
UVB radiation and varies seasonally, we checked 
whether there were significant differences be-
tween winter and summer RIs (20). We found that 
25-OH-D medians are significantly higher in sum-
mer than winter, by direct and indirect methods. 
These results agree with the literature and may be 
due to the differences in exposure to solar radia-
tion (21). In summer, we find the highest atmos-
pheric UV penetration, maximizing the 25-OH-D 
skin production (22). However, practically no skin 
vitamin D is produced during some winter months 
due to the low UV penetration, shortening of day 
length and the greater confinement of people due 
the bad weather (19,22). This variation is clearly 
represented in our results (Figure 2 and 3). It has 
been shown that vitamin D supplementation can 
increase 25-OH-D concentrations, but does not 
completely compensate for seasonal variability 
(23). This seasonal variation must be taken into ac-
count to avoid outcomes in the diagnosis of vita-
min D deficiency, since values at the limit in sum-
mer may be deficient in winter (20). Moreover, 
there is a direct relationship between the highest 
blood concentrations of 25-OH-D and living near 
the equator (24). In Spain, the latitude is close to 
41°, thus 25-OH-D concentrations may vary due to 
the difference in UV penetration with respect to 
other locations. The above facts reflect the impor-
tance of knowing the origin of the data for RIs cal-
culations.

Vitamin D has become an ordinary measurement 
to investigate several pathologies in the last years. 
This fact has meant an increase in number of se-
rum 25-OH-D measurements in clinical laborato-
ries and an overdiagnosis for hypovitamin D in ap-
parently healthy population. In addition, it can be 

confusing data and information overload for ex-
tra-skeletal diseases (25). Up to now, cut-off con-
centrations of 25-OH-D have been published by 
scientific societies (21,26,27). It should be noted 
that cut-off values are not obtained according to 
the evidence-based principle and most societies 
follow a single point of origin when defining rec-
ommended vitamin D concentrations, resulting in 
a high number of vitamin D-deficient individuals 
(5).

Some studies in Europe have determined RIs by di-
rect methods (11.4-54.4 mg/dL) and by indirect 
methods (4.8-63.6 mg/dL) (26). Other non-Europe-
an studies, such as Miyamoto et al., concluded by 
direct method that RI for 25-OH-D in healthy indi-
viduals was between 6-29 ng/mL (21). These re-
ports show RIs calculated by liquid chromatogra-
phy-tandem mass spectrometry (LC-MS/MS) in-
stead of ECLIA, which could explain the differenc-
es with our RIs. Nonetheless, they are congruent 
with our results as they calculated a lower RI of less 
than 20 ng/mL, which relies under our sufficiency 
limit.

Several studies have investigated vitamin D defi-
ciency worldwide (8,27). All agree on the existence 
of vitamin D hypovitaminosis, even considering it 
a pandemic. Nevertheless, others authors suggest 
that high prevalence of vitamin D deficiency in 
healthy populations is artificially created by an un-
justifiably high cut-off values of serum 25-OH-D 
(27-29). In this regard, as already recommended by 
some literature, the current cut-off point on defi-
ciency or insufficiency of serum 25-OH-D concen-
trations should be updated to 12.0 ng/mL (27,28). 
This change would be in accordance with our data, 
which, although still lower, show a trend closer to 
this new cut-off point. If this cut-off point were up-
dated, cases of vitamin D insufficiency would de-
crease and probably no longer consider as a pan-
demic. Supporting our point people with dark skin 
have 30-40% lower serum vitamin D concentra-
tions than Caucasians, but have equal or higher 
bone mineral density and lower risk of fractures 
(26). Other authors go further and state that, due 
to its wide variability, it is inappropriate to use a 
fixed RI for 25-OH-D in serum. They propose an 
equation that includes UVB, ethnicity, body mass 
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index, age, sex, and vitamin D supplementation 
dose (20). It remains to be seen whether this idea 
will prevail.

Several limitations of this study should be noted. 
Firstly, absence of disease or vitamin D therapy is 
not guaranteed in the subject population using in-
direct methods. However, we tried to solve these 
facts by using specific inclusion criteria (calcium, 
phosphorus and normal parathormone concentra-
tions or requests for selected services). Secondly, 
by direct methods we investigated only two spe-
cific months. Theoretically, these months repre-
sent the extremes in terms of vitamin D values (19). 
Nevertheless, the variations produced in the inter-
mediate months were not been taken into ac-
count. It would be interesting to examine these 
variations in a complete annual study. Thirdly, oth-
er facts such as nutritional status, dietary reference 
intake or ethnic were not considered. Finally, the 
reference method for the measurement of 25-OH-
D is liquid chromatography-mass spectrometry 
(LC-MS) and we performed it by ECLIA (5,30). Vita-
min D External Quality Assessment Scheme 
(DEQAS) review shows that, except for LC-MS, the 
bias for the majority of the currently used instru-
mentation is still high (20).

In conclusion, this study provides evidence about 
references intervals for serum 25-OH-D by direct 

and indirect methodologies. According to our 
data, the current guidelines are too strict and the 
12.0 ng/mL cut-off point should be considered to 
avoid a non-real pandemic.
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