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Abstract

Background: Vitamin B12 deficiency is still an important
nutritional problem worldwide. There is no consensus on
the reference intervals (RIs) for vitamin B12. In order to
establish vitamin B12 RIs, we used the database obtained
from a primary healthcare organization and estimated
region-specific intervals.

Methods: Vitamin B12 results were collected from our lab-
oratory information system (LIS) between January 2014
and July 2014. We excluded the results of the individu-
als who had megaloblastic and microcytic anemia. After
outlier detection and exclusion, we estimated the RIs of
the “1-12, 13-18, 19-64 and 65+” age groups according to
the International Federation of Clinical Chemistry (IFCC)
method. Statistical differences were examined between
groups.

Results: The reference limits and 90% confidence intervals
(CIs) (n=14,748, 3790 male, age: 1-96; 10,958 female, age:
1-115) were estimated with 90% CIs as 106 (104-107)-393
(391-395) pmol/L. We also estimated the reference limits of
the “1-12, 13-18, 19-64 and 65 +” age groups to be 127-459,
108-398, 106384 and 104-426 pmol/L, respectively. There
was no difference between genders in all age groups.
Conclusions: Both the lower and upper limits of the esti-
mated RIs were found to be lower than the reference limits
recommended by the manufacturer. Our findings revealed
that the RIs of vitamin B12 should be given for the “1-12,
13-18, 19-64 and 65+” age groups separately. The big
data obtained from laboratories should be used for the
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determination of its population health status. As our pop-
ulation is composed of outpatients, the estimated vitamin
B12 RIs may establish the basic information for the exami-
nation of our population for vitamin B12 deficiency.
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Introduction

Laboratories are big data sources. Big data provide valu-
able information in terms of making a true diagnosis,
appropriate treatment and reliable monitoring of a patient.
It challenges the traditional approach to organizing and
interpreting data [1, 2]. Unreliable and incorrect refer-
ence intervals (RIs) cause misdiagnosis and unnecessary
treatments. Both upper and lower limits are important to
decide the treatment models and timing. Therefore, Rls
are of critical importance for the laboratory scientist [3].
Because estimating RIs is compulsory, laboratories mostly
use manufacturer suggestions. Nevertheless, the labo-
ratory specialist should evaluate patients’ results with
feedbacks from clinicians and estimate the local RIs at
intervals by using an indirect approach. The main limita-
tion of the indirect method is to include possible effects
of diseased subpopulations on the derived interval [4].
Vitamin B12 is a water-soluble vitamin, which plays an
important role in the functioning of the brain and nervous
system, and in the formation of red blood cells. Vitamin
B12is involved in the metabolism of every cell in the body.
It plays a role in the formation of DNA. It is needed not
only for the synthesis and regulation of fatty acids but also
for energy production [5]. The major causes of vitamin B12
deficiency are improper diet, malabsorption and alcohol-
ism, with megaloblastic anemia being one of the serious
results. Early diagnosis is essential as a deficiency of this
vitamin can lead to irreversible neurological damage [6].
It is known that laboratory medicine data influence 70%
of clinical decisions [3]. In this context, laboratory data
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can be used as an instrument for the determination of
health and/or the disease management status. The labo-
ratory data that is generated by the public health labora-
tories (PHLs) in Turkey can be considered as data centers
for the determination of the health status of the popula-
tion who live in provinces that the PHLs serve. Eighty-
one PHLs in 81 provinces in Turkey provide primary care
laboratory services. Our laboratory is located in the center
of the city whose population is 180,000 and serves 21
family health centers (FHCs) localized in different regions
of the city. The purpose of our study was to estimate the
RIs by using patients’ test results in order to provide the
vitamin B12 status of the population admitted to 21 FHCs
to primary care physicians working at these centers, and a
basis for further examination of our population.

Materials and methods

Study group

Vitamin B12 results were collected from the Usak PHL
information system between January 2014 and July 2014
in Usak city in the western part of Turkey. The specimens
collected from individuals admitted to the FHCs were ana-
lyzed in the PHL. We excluded patients with megaloblas-
tic and microcytic anemia, and only the first measurement
values of individuals who had repeated measurements
determined according to their identity numbers were
included. The Non-Interventional Medical Ethical Com-
mittee of Pamukkale University, Faculty of Medicine
approved the study protocol.

Analytical system

The measurements were performed following the manu-
facturer’s package inserts for Abbott reagents on an Archi-
tect i2000 sr analyzer (Abbott Diagnostics, Abbott Park,
IL, USA). Three levels of internal quality control (Techno-
path Multichem IA Plus, IL, USA) were conducted twice a
week with target values of 238, 336 and 448 pmol/L. For
a 6-month period, the intraassay and interassay coeffi-
cients of variability (CVs) were <6% with average biases of
5.88%, 3.86% and 1.1%, respectively.

We performed internal quality twice a week; only
on Mondays and Thursdays, we analyzed vitamin
B12 samples, but we accepted samples every day. After
centrifugation, we stored the samples at 20 °C until
analysis.
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We analyzed external quality samples using the
external quality assessment scheme (EQAS) Biorad once
a month. For vitamin B12, the 6-month EQAS CV results
were <5%.

The limit of blank (LoB), limit of detection (LoD) and
limit of quantitation (LoQ) were 92 pmol/L and LoB was
61 pmol/L, respectively. The expected RI by the manufac-
turer was 138—652 pmol/L.

Estimation of reference intervals and
statistics

The histograms of all subgroups were inspected visually.
Outliers were detected according to Tukey’s method [7].
The distribution of each age cohort was analyzed for nor-
mality using the Kolmogorov-Smirnov (K-S) test.

According to the findings from the K-S test, the RIs of
the groups were estimated by parametric or nonparamet-
ric methods according to the IFCC recommendations [8].

Partitioning was assessed according to the subgroup
distributions. The decisions for separate Rls for the sub-
groups were made according the Lahti method for the
Gaussian distribution or the nonparametric method
(Kruskal-Wallis) for non-Gaussian distributions [9]. We
also estimated the RIs of the whole group by using the
Bhattacharya and Hoffman methods for approaching our
data with different statistical methods [4].

The analysis of data was performed using SPSS Statis-
tical Packages (version 21.0 for Windows, IBM Corporation
1989, 2012, Armonk, NY, USA).

Results

The mean, standard deviation (SD) and minimum-maxi-
mum values before and after outlier exclusion are shown
in Table 1.

The distribution was found to be nonparametric
according to K-analysis (p=0.0001). The subgroups were
also found to be nonparametric with the p-values for
the subgroups starting from the 1-12 age group to 13-18,
19-64 and 65 +. There was no difference between genders
in all age groups according to Kruskal-Wallis (p=0.659).
The differences between the “1-12 and 19-64”, “13-18 and
65+” and “1-12 and 13-18” age groups were found to be
significant (p=0.0001 for all subgroups) according to the
three estimation methods. The RlIs of these age groups
were estimated by the nonparametric, Bhattacharya and
Hoffman methods as shown in Table 2. We could not find
any significant difference between the RIs of the “13-18
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Table 1: Laboratory data before (n=15,455) and after (n=14,748) outlier exclusion.

Before outlier exclusion

After outlier exclusion

Mean SD Min-Max Mean SD Min-Max
Hemoglobin, g/dL 13.3 1.69 4.5-21.3 13.3 1.69 4.5-21.3
Hematocrit, % 39.1 4.52 17.6-60.5 39.1 4.52 17.6-60.5
McQy, fL 83.4 6.86 51-118 83.4 6.83 53-118
MCH, pg 28.3 2.83 14.8-49.4 28.3 2.82 14.8-49.4
MCHC, g/dL 33.8 1.36 23-53 33.9 1.36 23-53
Red blood cell, M/uL 4.7 0.49 2.24-7.26 4.7 0.49 2.24-7.26
RDW-SD, fL 19.0 11.1 11.1-62.8 19 11.1 11.1-62.8
Vitamin B12, pmol/L 259 195 93-4221 223 81.7 93-474

MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; RDW, red cell

distribution width; SD, standard deviation.

Table 2: Serum vitamin B12, in the age groups and in the entire sample.

Age, years Gender Reference interval vitamin B12, pmol/L
Nonparametric Bhattacharya Hoffman

Lower (90% ClI)/upper (90% ClI) —2SD (90% Cl)/ +2SD (90% CI) —2SD (90% CI)/ +2SD (90% CI)

Number of patients Number of patients Number of patients

1-12 F&M 127 (114-140)/459 (446-473) 124 (113-135)/406 (396-417) 130 (117-141)/438 (425-451)
345 349 336

13-18 F&M 108 (100-117)/398 (395-406) 127 (121-133)/338 (332-344) 108 (101-116)/359 (351-367)
599 583 571

19-64 F&M 106 (104-107)/384 (383-386) 123(122-125)/392 (390-394) 106 (104-107)/355 (353-357)
11,427 11,270 10,737

65+ F&M 104 (99-109)/426 (424-431) 92 (88-96)/363 (359-367) 104 (99-109)/372 (104-372)
2123 2055 2003

All 106 (104-107)/393 (391-395) 109 (108-111)/376 (374-377) 111 (110-113)/391 (389-393)
14,478 14,290 13,211

Cl, confidence interval; F, female; M, male; SD, standard deviation.

and 19-64”, “13-18 and 65+” and “19-64 and 65+” groups
with p-values of 0.069, 0.509 and 1.000, respectively.

The reference limits and 90% confidence intervals
(CIs) (n=14,748, 3790 male, age: 1-96; 10,958 female, age:
1-115) were estimated to be 106 (104-107)-393 (391-395)
pmol/L.

The graphical representation of the vitamin B12
test results of all individuals after the outlier exclusion
are shown in Figure 1. The percentages of the vitamin
B12-deficient population according to the manufacturer’s
cutoff level were determined to be 7.97%, 21.7%, 23.2%,
24.6% and 23.2 for the 1-12, 13-18, 19-64, 65+ age groups,
and the whole group, respectively.

Discussion

As a PHL, we decided to determine the Rls of vitamin B12 by
the indirect method from the large amount of test results.

The indirect method for the estimation of RIs is suggested
especially if a large amount of test results can be obtained
[10]. In this context, we decided to estimate the indirect RIs.
We were using the Rls suggested by the manufacturer as
138-652 pmol/L. After data collection from the laboratory
information system (LIS), at first we stratified the data into
the age and gender groups. We had 14,748 results for the
estimation of vitamin B12 Rls after exclusion of the results
according to our exclusion criteria. We had enough data,
and the age groups were divided as 1-12, 13-18, 19-64 and
65+ years. There were no differences between genders in
all age groups. On the contrary, Akin [11], Papandreou [12],
Wahlin [13], Demirin [14] and their colleagues reported
vitamin RIs with age groups and genders in their RI studies.
There was an article published without discrimination of
age and gender in Turkey [15]. Ozarda, Bakan and Tanyalgin
reported vitamin B12 RIs with two genders but without age
discrimination similar to our study [16-18]. We have sum-
marized the vitamin B12 RI studies in Table 3.
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Figure 1: Graphical representation of vitamin B12 test results of all age groups.

At first, we also divided the reference individu-
als into age and gender groups [19]. The distributions
of the group and the subgroups were found to be non-
Gaussian; therefore, we evaluated the differences of the
subgroup RIs (9). We examined the groups’ lower limits
according to the manufacturer’s lower limit and found
the smallest difference was in the “1-12” age group.
Considering the supplementation of vitamin B12 in this
group, we estimated the RIs of the “1-12” and “13 +” age
groups separately.

Although the reference limits for vitamin B12 are
generally presented without partitioning age, our find-
ings show that it can provide more valuable information
for decision-making if the RIs are given separately for
the “1-12, 13-18, 19-64 and 65+” age groups. We could
not find any statistically significant difference between
the genders. We estimated the vitamin B12 RIs of our
population by using two new approaches, Bhattacharya
and Hoffman, and revealed the same intervals as in the
indirect approach, which can be seen in Table 2. These
methods had similar results with the indirect approach.

There is no accepted cut-off to define vitamin B12 defi-
ciency. The suggestion of the World Health Organization
(WHO) for vitamin B12 deficiency is 150 pmol/L.

As a PHL, we provide service to family physicians
working at primary healthcare services. Their patients
are outpatients, and most of the patients for whom their
vitamin B12 is ordered have normal complete blood
counts (14,748 from 15,455 patients, Table 1). It can be
thought that they are screening for vitamin B12 defi-
ciency of individuals admitted to the health centers even
if screening average-risk adults for vitamin B12 defi-
ciency is not recommended [20]. However, our findings
from our study revealed that the population living in and
around Usak has low vitamin B12 levels with respect to
the manufacturer’s lower reference limits and the sug-
gested cut-offs for vitamin B12 deficiency. Therefore, the
vitamin B12 measurements are appropriate for this geo-
graphical area. We could say vitamin B12 deficiency was
present (<106 pmol/L) in the 65+ age group according to
the three estimation methods. As a member of healthcare
providers, it is our responsibility to provide information
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Table 3: Vitamin B12 Rl studies in our country.
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Reference; city, n(all; M, F) Age, year Vitamin B12, pmol/L M, F (90% ClI)
country
Assay method
[13]; izmir, western 279; 124,155 18-40 74-5172(74-77, 461-613)
part of Turkey 75-492% (74-89, 451-591)
RIA
[11]; Bursa, western 327; 143,184 18-40 158-11392(142-204,1015-1534)
part of Turkey 235-1473%(136-261, 1390-1641)
ECLIA
[10]; izmir, western 274; 141,133 20-50 142-9532(129-156, 856-1144)
part of Turkey ECLIA
[12]; Erzurum, 402; 202,200 18-65 70-368%(59-79, 321-388
eastern part of 71-3952(56-90, 372-413)
Turkey ECLIA
[2]; Konya, central 2368;512, 1856 1-70 75-518°
part of Turkey ECLIA
[17]; Diizce, 1251; 490, 761 18-79 117-374(115-119, 327-412)
northern part of 117-415(116-118, 387-447)
Turkey ECLIA

ECLIA, electrochemiluminescence immunoassay; F, female; M, male; RIA, radio immunoassay. 2Parametric method; Pnonparametric method.

on the health status of our population according to the
laboratory test results by the indirect reference estima-
tion method. It is recommended that the initial labora-
tory assessment of a patient with suspected vitamin B12
deficiency should include a complete blood count and
a serum vitamin B12 level [21]. This recommendation
is suitable for primary healthcare services in Turkey.
However, we suggest that these vitamin B12-deficient
individuals should be tested for methyl malonic acid,
homocysteine and folic acid [22]. The main challenge
for our study was the distance from our laboratory to the
FHCs varied from 2 km to 60 km. The PHL is localized
in the center of the city of Usak that has a population
of 180,000 in the western part of Anatolia. There are 21
FHCs in different regions of the Usak province. The tests
are ordered by family physicians, and the specimens are
collected by nurses working at the FHCs. All specimens
are transported to the PHL 9 times a day under strictly
controlled conditions for preanalytical variations. Our
findings show that the measurement results of analytes
such as vitamin B12 whose blood levels mostly depend
on the nutritional status of the individuals should be
considered as a national health subject.

Conclusions

The indirect method is a valuable tool for the estimation
and verification of RIs in every clinical laboratory that has
a high test capacity. The public healthcare centers have

opportunity with their high number of outpatients. The
main challenge is that the laboratories have to be famil-
iar with the relevant statistical calculations and big data
analysis.

The estimation of the indirect RIs may also provide
the status of the population with respect to the analyte.
Our results show that the vitamin B12 status of our popu-
lation needs to be examined by policy makers. The other
contribution of such studies is that laboratories can be
used as data centers of healthcare institutions.

Policy makers should have a policy to evaluate the
laboratory test results in view of the total national health
status. Every medical laboratory can add value to health-
care services through studies such as this. In addition
to these, laboratories as health data repository centers
can provide invaluable and meaningful information for
the healthcare policy if the data management system is
designed properly and human resources with data mining
skills are available.
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