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ORIGINAL ARTICLE

Biological variation of holotranscobalamin and cobalamin in healthy individuals

Mette Brokner, Helle Borgstrøm Hager and Morten Lindberg

Central Laboratory, Vestfold Hospital Trust, Tønsberg, Norway

ABSTRACT
Data on biological variation for cobalamin and holotranscobalamin (holoTC) are limited. The aim of
this study was to determine within-subject (CVI) and between-subject (CVG) biological variations for
these analytes in a healthy population. We collected blood samples from 15 healthy volunteers (12
women and three men, 22–66 years) on the same weekday for 10 consecutive weeks. Serum samples
were stored at –80 �C until analysis in duplicate in a single analytical run. The CVI and CVG were esti-
mated by nested ANOVA. The CVI (95% CI) for cobalamin and holoTC was 6.7% (5.7–7.7) and 13.0%
(11.5–15.0), respectively. The corresponding CVG was 24.1% (16.4–36.0) and 24.6% (16.3–37.7). The ana-
lytical variation (CVA) (95% CI) was 3.5% (3.2–4.0) for cobalamin and 2.4% (2.1–2.6) for holoTC. The
index of individuality (II) was low (<0.6) for both cobalamin and holoTC and the reference change
value (RCV) was 20.1% for cobalamin and 36.6% for holoTC. Our study describes the components of
biological variation of cobalamin and holoTC in a healthy population, contributing to a better clinical
interpretation of these biomarkers.

Abbreviations: HC: haptocorrin; TC: transcobalamin; CVI: within-subject biological variation; CVG:
between-subject biological variation; RCV: reference change value; BVWG: Biological Variation Working
Group; EFLM: European Federation of Clinical Chemistry and Laboratory Medicine; CVA: analytical vari-
ation; II: index of individuality; IH: index of heterogeneity
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Introduction

Estimates of biological variation, within-subject biological
variation (CVI) and between-subject biological variation
(CVG), are of high importance in the laboratory and in
the clinical interpretation of test results. This includes set-
ting analytical quality goals, assessing the utility of popu-
lation based reference values by the derivation of the
index of individuality (II) and evaluating statistically
important changes in serial results using the reference
change value (RCV). Furthermore, data on biological vari-
ation are used in calculating the number of specimens
required to estimate the homeostatic set point of an indi-
vidual (n) [1].

Data on biological variation for cobalamin and holo-
transcobalamin (holoTC) vary greatly in study design and
presentation of results [2–7]. Biological variation studies
should follow the standard approach for the biological
variation data production by Fraser and Harris [1],
recently updated by Braga and Panteghini [8]. The publi-
cations of data should adhere to the checklist made by
the Biological Variation Working Group (BVWG) [9]
established by the European Federation of Clinical
Chemistry and Laboratory Medicine (EFLM). The object-
ive of this study was to determine CVI and CVG for
cobalamin and holoTC in a group of healthy subjects
according to these guidelines.

Materials and methods

Subjects and specimens

Based on power calculations published by Roraas et al. [10],
we recruited 18 apparently healthy volunteers from the staff
of our department. The study was not designed to include
subgroup analysis. All included volunteers were Caucasians
and used no medication that could affect the analytes of
interest, e.g. vitamin supplements or oral contraceptives.
Study participants were not pregnant or breastfeeding.
Persons with possible vitamin B12-deficiency (elevated meth-
ylmalonic acid or homocysteine), anaemia (low haemoglo-
bin) or kidney failure (elevated creatinine), measured in an
initial sample, were excluded from further participation.
Two persons were excluded because of slightly elevated
homocysteine or methylmalonic acid and one person was
excluded during the study-period because of intercurrent
febrile illness. Non-fasting blood samples were collected on
the same weekday between 8 and 11 am for 10 consecutive
weeks from September 2015 to May 2016. To minimize pre-
analytical variation, approximately 80% of the blood collec-
tions were performed by the same laboratory technician.
Serum was collected in Vacuette serum gel tubes from
Greiner Bio-One, separated by centrifugation within two
hours and immediately stored at –20 �C. Within two days,
serum was moved to a –80 �C freezer where it was stored
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until analysis in May 2016. The specimens were thawed
together and analysed in duplicate in a single run. Internal
quality control was analysed before and after the analytical
run. In total, 15 persons completed the period of blood sam-
pling (12 women and three men, 22–66 years). The study
was approved by Regional Committee for Medical Research
Ethics and each participant gave written informed consent.

Analytical methods

Cobalamin and holoTC were measured by a two-step
immunoassay on Architect PLUS i4000SR (Abbott
Diagnostics, Abbott Park, IL), using calibrators and reagents
from Abbott according to manufacturer's instructions.

Statistical analysis

Statistical analysis of the data followed the guidelines pub-
lished by Fraser and Harris [1], recently updated by Braga
and Panteghini [8]. First, Cochran’s test was performed to
identify outliers among observations and within-subject var-
iances. Reed’s criterion was used to identify outliers among
mean values of subjects. Subsequently, a Shapiro–Wilk nor-
mality test was performed on the set of results from each
participant and on the mean concentration of all subjects.
The analytical variation (CVA), CVI and CVG were calcu-
lated from replicate analyses by nested ANOVA. Based on
formulae from Fraser [11], we calculated II, RCV and n
within ±15%. To study the heterogeneity of variation, the
index of heterogeneity (IH) was calculated. Under the
hypothesis of no heterogeneity of true within-subject varian-
ces, the SD of the difference between IH and its expected
value of unity is 1/(2k)1/2 where k is the number of speci-
mens collected per subject. A significant heterogeneity is
present if the ratio differs from unity by at least twice this
SD [1]. In our study, with 10 data for each subject, an IH
<0.447 indicates that the within-subject data are homoge-
neous. Finally, optimal, desirable and minimum analytical
goals for imprecision, bias and total error for cobalamin and

holoTC determination were obtained from biological vari-
ability components according to Fraser et al. [12]. Statistical
analyses were conducted in R [13] with package lme4 [14]
which also provides confidence intervals for the estimated
variance components.

Results

Fifteen persons completed the 10 weeks of sample collection.
One sampling was missed due to an oversight and a total of
149 specimens were collected. After duplicate measurements,
298 results were available for analysis. Outlier detection was
performed for each analyte separately as described in the
materials and methods. Consequently, two subjects were
excluded from the cobalamin data (subjects 11 and 15) and
three subjects were excluded from the holoTC data (subjects
8, 10 and 15). This resulted in data from 13 subjects vali-
dated for further analysis of cobalamin and data from 12
subjects validated for further analysis of holoTC. The
Shapiro–Wilk test accepted the hypothesis of normality in
all but one subject from each dataset. Normality was further
confirmed when the Shapiro–Wilk test was applied on mean
concentration values of all subjects. Hence, the parametric
statistical model for estimation of variance components was
appropriate. Figure 1 shows the individual mean and abso-
lute range of values for cobalamin and holoTC in all sub-
jects studied. Table 1 gives the estimated average analytical
and biological variations for all subjects after removal of
outliers. II, RCV and n are also reported. The calculated IHs
(0.16 for cobalamin and 0.28 for holoTC) fulfilled
the homogeneity condition and the observed within subject
variances are valid foundations for calculating RCVs.

Figure 1. Mean values and absolute range of cobalamin and holoTC in study participants. Local reference ranges are shaded. Subjects 11 and 15 (cobalamin) and
8, 10 and 15 (holoTC) were identified as outliers and not included in the estimation of biological variation.

Table 1. Estimated variance components and indices derived from data on
biological variation of cobalamin and holoTC.

Analyte CVA, % CVI, % CVG, % II RCV, % na

Cobalamin 3.5 (3.2–4.0) 6.7 (5.7–7.7) 24.1 (16.4–36.0) 0.10 20.1 1
HoloTC 2.4 (2.1–2.6) 13.0 (11.5–15.0) 24.6 (16.3–37.7) 0.29 36.6 3
an, number of blood specimens that should be collected to estimate the
homeostatic set point of an individual within ±15%.

2 M. BROKNER ET AL.



Finally, quality specifications derived from the biological
variation observed in the present study are given in Table 2.

Discussion

In the present study on healthy individuals, the main object-
ive was to estimate variance components of biological vari-
ation according to updated guidelines. During 10 weeks,
CVI was 7% for cobalamin and 13% for holoTC. The corre-
sponding CVG was 24% and 25%, respectively. There are
some reports in the literature on similar data. Nexo et al. [2]
found a CVI of 9% for cobalamin and 16% for holoTC in
adult patients undergoing coronary angiography. The vari-
ation was calculated from results obtained on days 0, 3, 14,
28 and 84 for 43 patients not receiving B12. McCaddon et al.
[3] examined the CVI and CVG of holoTC in 12 healthy eld-
erly (mean age 82.5 years, range 65–99 years). Ten samples
were collected at 14-day intervals over a 5-month period.
They found a CVI of 16% and a CVG of 35%. Bor et al. [4]
report an estimated CVI of 6% for cobalamin and 11% for
holoTC in 31 healthy individuals. However, this was based
on measurements in only two samples obtained on two con-
secutive days. McArthur et al. [5] examined the biological
variation of cobalamin in fasting samples from 22 healthy
active young (18–35 years) women taking no medications
other than oral contraception pill. Blood samples were col-
lected at four weekly intervals during 12 weeks. They found
a CVI of 16.1% and a CVG of 62.2%. Midttun et al. [6]
reported within-person reproducibility of biomarkers in
samples collected at two time points 1–2 years apart from
40 postmenopausal women and in samples collected at
four visits over 3.5 years from 551 patients with stable
angina pectoris. They found a CVI of 11.6% and a CVG of
30.2% for cobalamin in postmenopausal women, while the
corresponding numbers in cardiovascular patients were
19.9% and 36.7%. Finally, Ric�os Desirable biological vari-
ation database specifications [15] report a CVI of 15% and
a CVG of 69% for cobalamin. This is based on McKinley
et al. [7] who examined seasonal variation in 22 healthy
individuals over 1 year in four samples collected at three
months intervals. Ric�os database includes no data for
holoTC. In summary, previous published reports tend to
show somewhat higher values than our findings suggests.
However, the published reports vary greatly in study design
and presentation of results. This is a characteristic they
share with much of the literature on biological variation
[16]. Especially, when estimation of biological variation is
not the primary objective of the study, the protocol will be
suboptimal in this regard. In addition, much of the data
are published before the most recent guidelines and check-
lists were available.

For both cobalamin and holoTC, we found a low II of
0.10 and 0.29, respectively. Hence, both cobalamin and
HoloTC show a high degree of individuality. The range of
values from an individual therefore only spans a small part
of the reference intervals and limits the use of the popula-
tion based reference intervals for test interpretation [1]. In
this situation, comparison with previous values by means of
the RCV is preferable. RCV is defined as the critical differ-
ence (p< .05) that must be exceeded between two serial
results from an individual before a significant change has
occurred [1]. To calculate RCV, we used the CVA deter-
mined from the duplicate measurements performed. The
RCVs of our data were 20.1% for cobalamin and 36.6% for
holoTC. The higher CVI observed for holoTC contributes to
a higher RCV and a larger n (Table 1) compared to cobala-
min. As RCV is dependent of CVA, laboratories should use
their own experienced precision data for the calculation of
RCV.

The strengths of the present study are the strictly adher-
ence to updated guidelines and the use of a homogenous
group of healthy individuals. Furthermore, the use of non-
fasting blood samples is relevant for the majority of samples
collected in both hospital and general practice settings. The
small number of men is a limitation of the study.
Publications distinguishing gender in the calculations of bio-
logical variation for holoTC and cobalamin are sparse.
McCaddon et al. [3] found a comparable CVI for fasting
elderly men and women and a higher CVG among the men
for holoTC. Based on our data, we cannot exclude differen-
ces in biological variation between subgroups of holoTC and
cobalamin. Further studies are needed to answer this ques-
tion. In addition, the present study is limited to 10 weeks
duration and therefore does not necessarily reflect long-term
biological variation. Finally, both cobalamin and holoTC are
complex molecules without univocal definitions and refer-
ence measurement systems. This should be considered when
evaluating results from different analytical methods.

In conclusion, we have estimated components of bio-
logical variation of cobalamin and holoTC in a healthy
population after a strictly designed study protocol. Both bio-
markers show a high degree of individuality, favouring the
use of RCV above reference intervals. The present data will
contribute to the clinical interpretation of results and be of
value when establishing analytical quality specifications in
the laboratory.
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Table 2. Quality specifications for cobalamin and holoTC derived from biological variation according to Fraser et al. [12].

Cobalamin HoloTC

Quality level Imprecision, % Bias, % TE, %a Imprecision, % Bias, % TE, %a

Optimal �1.7 �±3.1 �±5.9 �3.3 �±3.5 �±9.0
Desirable �3.4 �±6.3 �±11.9 �6.5 �±7.0 �±17.7
Minimal �5.0 �±9.4 �±17.7 �9.8 �±10.4 �±26.6
aTE: total error ¼1.65� imprecisionþ BIAS.
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