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Abstract

Objectives: The results obtained for zinc levels by different
laboratory measurement procedures vary because zinc is
not yet a harmonized test. Firstly, we aimed to determine
reference intervals for serum zinc that had been measured
by two different kits on two different clinical chemistry an-
alyzers, employing various statistical methodologies, and
secondly to make a comparison between zinc deficiency
prevalences according to the determined reference intervals
and the manufacturer’s reference intervals.
Methods: The results of the serum zinc levels that were
measured by spectrophotometric method, using Improgen®

and Archem® zinc kits across a range of time intervals, were
obtained retrospectively. The indirect reference intervals
for zinc were determined using the Bhattacharya, RefineR
and ReflimRmethods for both assays. The prevalence of zinc
deficiency was evaluated according to the two different
kit manufacturers’ recommendations and our established
reference intervals.
Results: The reference intervals determined by all three
methods were found to be lower than those recommended
by the manufacturers with the exception of Archem® kit in
children. Although the determined reference intervals and
lower reference limits were different, the prevalence of
zinc deficiency has decreased substantially after the
implementation of established reference intervals for both
kits and has reached almost same level (20.0–4.6 % and
8.5–4.7 %).
Conclusions: The establishment of appropriate and accu-
rate zinc reference intervals is of paramount importance in
order to avoid the overdiagnosis of zinc deficiency, the

unnecessary laboratory testing and the administration of
supplements to individuals without underlying deficiencies.

Keywords: zinc; zinc deficiency; reference interval; refer-
ence limit; cut-off

Introduction

Zinc is an essential mineral that plays a role in many vital
functions. It is the most abundant trace element in the body
after iron, and is foundmainly in skeletal muscles and bones
[1]. Zinc plays a role in many parts of metabolic processes. It
is found in the structure of many enzymes and is necessary
for catalytic activity. It is involved in DNA synthesis and
repair, cell division and differentiation, cellular signalling,
wound healing, healthy growth and development, and the
immune system [2, 3].

Zinc deficiency remains a major public health problem
worldwide. Zinc status has been shown to be strongly asso-
ciated with the economic development of regions, with
prevalence exceeding 20 % in most low- and middle-income
countries [4]. Deficiency is also seen in developed regions
due to chronic disease, age and malabsorption syndromes
[4]. Zinc deficiency causes delayed sexual maturation,
impotence, hypogonadism, oligospermia, alopecia, dysgeu-
sia (impaired taste), immune dysfunction, night blindness,
impaired wound healing, and various skin lesions. Acro-
dermatitis enteropathica is an autosomal recessive disease
in which zinc absorption is impaired. It is characterized by
signs and symptoms of severe zinc deficiency including
diarrhea, dermatitis (especially perioral and perianal), alo-
pecia, poor growth, and poor immune function [5].

Zinc concentration can be measured using several
different analytical methodologies such as inductively
coupled plasma mass spectrometry (ICP-MS), spectropho-
tometry, flame atomic absorption spectrometry (AAS), optical
emission spectrophotometrywith inductively coupled plasma
(ICP-OES). The gold standardmethod is ICP-MS [6]. The results
obtained for zinc levels by different laboratory measurement
procedures vary. Zinc is not yet a harmonized test [7].

The International Federation of Clinical Chemistry
(IFCC) and the Clinical and Laboratory Standards Institute
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(CLSI) recommend that each laboratory establish its own
reference intervals [8, 9]. Indirect methods estimate refer-
ence intervals (RIs) by applying statistical algorithms and
data-mining techniques to large-scale patient datasets,
aiming to extract the distribution associated with non-
pathological cases [9]. Among these, Bhattacharya is a con-
ventional method that has been widely adopted [10].
Recently, two R-based methods, RefineR and ReflimR, have
been introduced to facilitate reference interval estimation
through automated workflows [11, 12]. Notably, the RefineR
algorithm employs an inverse modelling framework, dis-
tinguishing itself from the conventional forward modelling
strategies adopted by most indirect estimation methods [11].

The first objective of this study was to determine indi-
rect reference intervals for serum zinc, measured by two
different kits on two different clinical chemistry analyzers,
employing various statistical methodologies. Secondly, the
study sought to make a comparison between the reference
intervals that had been determined and those that had been
recommended by the manufacturers, with the prevalence of
zinc deficiency being a key consideration in this regard.

Materials and methods

Data

The serumzinc results,whichweremeasuredby twodifferent
kits on different analyzers across a range of time intervals in
our laboratory, were obtained retrospectively via laboratory
information system. The first group of zinc levels consisted of
the results between the dates of 01/01/2022–01/01/2023, while
the second group of zinc levels consisted of the results
between the dates of 07/02/2024–07/07/2024. Results that were
rejected due to hemolysis and newborns (0–1 month) due to
limited numbers were excluded. In cases where there was
more than one zinc result, only the first result was included
and results after the first one were excluded. After the ex-
clusions, 42,969 results in the first group and 11,895 results in
the second group were evaluated. Ethical approval was ob-
tained from our hospital ethics committee (date:16/07/2024,
approval no:155).

Biochemical analysis

The first group of zinc levels measured spectrophotometri-
cally by a commercial kit (Improgen Diagnostics, Istanbul,
Turkey) on Roche Cobas c501 analyzer (Roche Diagnostics,
Tokyo, Japan) in our laboratory. The inter-assay and intra-
assay coefficients of variation of this method were 1.5% and

2.9 %, respectively. The second group of zinc levels were
measured spectrophotometrically by a commercial kit
(Archem Diagnostics, Istanbul, Turkey) on Beckman Coulter
AU480 analyzer (Beckman Coulter, CA, USA) in our labora-
tory. The inter-assay and intra-assay coefficients of variation
of this method were 1.6 % and 3.3 %, respectively.

Statistical analysis

All analyses were performed separately for the two groups
measured by different kits on different analyzers. Subse-
quently, the zinc reference intervals were determined by
employing the Bhattacharya, RefineR andReflimRmethods on
the entire dataset,without the exclusionof anyoutliers [10–12].

In accordance with the Bhattacharya method, all data
were divided into subgroups in a manner that ensured their
distributionwas uniformwithin a specified ‘h’ class interval.
The midpoint of each subgroup was then identified. The
natural logarithm (ln) of the frequency (n) of each subgroup
was taken. The delta (Δ) ln values were obtained by sub-
tracting the ln value of the subsequent subgroup from that of
each preceding subgroup. A scatter plot was constructed
displaying Δln values on the y-axis and midpoint of each
subgroup on the x-axis. The points in the obtained scatter
plot that demonstrated linearity were deemed to be health-
related data. The λ value, which represents the point of
intersection of x-axis of the linear line was calculated. With
the assistance of the λ value, the mean (μ) value of the
method was calculated using the formula μ=λ+h/2, and the
standard deviation value (σ) was calculated with the aid of
the equations σ2=h/slope – h2/12. The lower and upper limits
of the reference intervals determined by the Bhattacharya
method were calculated using the formula μ ± 2σ [10].

The RefineR and ReflimRmethods were applied through
the publicly available ReferenceRangeR tool (https://kc.uol.
de/referenceranger/) [13].

The necessity of partitioning the zinc reference interval
according to gender and manufacturer’s age groups
(1 month-17 years and ≥18 years) was tested with the Harris-
Boyd model [14]. The R value was calculated by employing
the ratio of the larger standard deviation value to the smaller
value in the subgroups (σ2/σ1). Since all of the R values were
less than 1.5, z values were calculated via Harris-Boyd
equation [14] and all of the calculated z values were lower
than the critical z value of 3, there was no need for parti-
tioning the zinc reference interval according to gender and
age. Moreover, the reference limits derived from gender-
and age-specific subgroups remained within the bounds of
permissible uncertainty, indicating no requirement for
stratification of the population data [15].

2 Vurgun and Aktas: Zinc reference intervals and the impact on zinc deficiency prevalence

https://kc.uol.de/referenceranger/
https://kc.uol.de/referenceranger/


The prevalence of zinc deficiency was evaluated ac-
cording to the two differentmanufacturers’ (Improgen® kit’s
reference intervals were 63–110, 70–114 and 72–127 μg/dL,
while Archem® kit’s reference intervals were 64–110, 70–114
and 73–127 μg/dL for children, adult females and adult
males, respectively) and our established reference intervals.
The chi-square test was used for these comparisons. All
statistical analyses were performed using Microsoft Excel
2016 (Microsoft Corporation, Redmond, WA, USA) and SPSS
17 (SPSS Inc., Chicago, Illinois, USA) and p<0.05 was consid-
ered statistically significant.

Results

The reference intervals recommended in the manufac-
turers’ kit inserts and the indirect reference intervals
determined by three different statistical methods in the
present study are presented in Table 1.

The reference intervals determined by all three methods
were found to be lower than those recommended by the
manufacturers with the exception of Archem® kit in children
(Table 1). Despite the similarity in the reference intervals
recommended by both kit manufacturers, the indirect refer-
ence intervals determined by all three statistical methods for
the Improgen® kit were observed to be lower than those for
the Archem® kit.

Linearity plots of the reference intervals obtained by the
Bhattacharya method for both kits are shown in Figure 1.

The distribution of zinc levels and the reference in-
tervals for both kits, as determined by the RefineR and
ReflimR methods, were illustrated in Figure 2.

Using the lower reference limits estimated by RefineR
for both assay kits, the prevalence of zinc deficiency was
calculated (see Figure 3).

Following the implementation of defined reference in-
tervals for the Improgen® kit, the prevalence of zinc defi-
ciency exhibited a notable decline. In children, the percentage
decreased from 6.4 to 3.6 %, while in adult males, it decreased
from 19.9 to 3.3 %. Similarly, in adult females, the prevalence
dropped from 29.3 to 5.6 % (p<0.001 for all).

Following the implementation of defined reference in-
tervals for the Archem® kit, the prevalence of zinc deficiency
decreased from 8.5 to 3.1 % in adult males and from 11.8 to
6.1 % in adult females (p<0.001 for both). On the contrary,
in children, the percentage increased from 2.1 to 2.9 %
(p<0.001).

Discussion

The reference intervals determined for both kits were lower
than the reference intervals in the kit inserts with the
exception of the Archem® kit in children. This may be due
both to the fact that our method of zinc measurement was
different from the method used in the studies in which the
reference intervals were obtained in the kit inserts and that
these studies were conducted in a different population.
Furthermore, the reference intervals we determined for the
Improgen® kit were lower than the reference intervals of the
Archem® kit. While the reference intervals we determined
for the two kits were different, after the implementation of
defined reference intervals, the prevalence of zinc defi-
ciency was so close in all children and adults as expected in
the similar population.

The prevalence of inadequate zinc intake is estimated to
be 17 % of the global population, primarily due to limited
accessibility to animal-based foods in many populations and
the suboptimal status of plant foods as zinc sources, partic-
ularly in Sub-Saharan Africa and South Asia [16]. In a study
summarising the results of 19 national surveys from low-
and middle-income countries, in 13 of 19 surveys prevalence
of zinc deficiency were found >20 % in children and 13 of 14
surveys prevalence of zinc deficiency were found >20 % in
women [17]. Most of the surveys in the study used The In-
ternational Zinc Nutrition Consultative Group (IZiNCG) cut-
off values, but some countries such as Afghanistan,
Azerbaijan, Nigeria, Republic of Maldives, Sri Lanka and
China used lower cut-off values and thus found lower
prevalence of zinc deficiency in children [17]. Furthermore,
the type of specimens (plasma or serum) and measurement
methods (ICP-MS, AAS, ICP-OES) used to measure zinc in the

Table : Zinc reference intervals (µg/dL) recommended by manufacturers and determined in this study.

This study’s

Manufacturer’s Improgen® Archem®

Improgen® Archem® n=, RefineR ReflimR Bhattacharya n=, RefineR ReflimR Bhattacharya

Children (month –  years) – – , – – – , – – –

Adult (≥ years) female – – , ,
Adult (≥ years) male – – , ,
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surveys also varied [17]. This may have resulted in variation
in prevalences. In another study conducted in our country,
the prevalence of zinc deficiency in children aged 5–16 years
was found to be 27.8 %. In that study, zinc levels were
measured using the ICP-MS method and the IZiNCG cut-off
values were used to diagnose zinc deficiency [18]. In both
studies, the prevalence of zinc deficiency was higher than

the prevalence obtained using the recommended by manu-
facturers and determined reference intervals in our study.

IZiNCG and National Health and Nutrition Examination
Survey (NHANES) data suggested cut-offs for serum zinc
concentration were 65 μg/dL for <10 years age, 66 μg/dL for
≥10 years age non-pregnant females and 70 μg/dL for males
[19, 20]. These cut-off values are used inmany laboratories for

Figure 1: Linearity plots for the reference intervals obtained by the Bhattacharya method. (A) Improgen kit. (B) Archem kit.

Figure 2: Graphical outcomes of the RefineR and ReflimR methods applied to both kits. (A) RefineR for Improgen kit. (B) ReflimR for Improgen kit. (C)
RefineR for Archem kit. (D) ReflimR for Archem kit.
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the diagnosis of zinc deficiency. However, these values are
valid for the ICP-MSmethod,which is the gold standard in zinc
measurement. The methods employed in various zinc defi-
ciency prevalence studies were ICP-MS and AAS. These
methods have been shown to provide highly sensitive and
accurate measurements of zinc levels. However, it should be
noted that these methods are expensive, labour-intensive
and time-consuming. Consequently, spectrophotometric
methods appear to bemore cost-effective and time-efficient in
laboratories with a high volume of zinc tests.

In studies conducted in European countries such as
Denmark, Norway, Germany, Italy and Northern Ireland;
reference intervals for adults were determined as 53.6–102.6,
71.3–108.5, 68.0–149.1, 59.7–102.8 and 63.7–100.4 μg/dL,
respectively [21–25]. In the studies from Italy and Northern
Ireland, the 5th and 95th percentiles were accepted as refer-
ence limits [24, 25]. Among these studies, the reference in-
tervals were calculated by indirect method only in Northern
Ireland and by directmethod in the others. Themeasurement
methods employed for the determination of zinc levels were
flame AAS and ICP-OES [21–25]. These studies reported
reference intervals for adults without gender stratification.
With the sole exception of Norway, their lower limits lay
below the IZiNCG cut-offs. In Germany, however, the lower
limit of 68 μg/dL exceeded the limit value for women, but
remained below the value for men. It should be noted that
even in studies where a similar method of measurement was
used for zinc, different reference intervals were found.

The recently updated study of the NHANES data has
established the zinc reference intervals as 62.1–104.6, 62.1–107.9
and62.1–117.7 μg/dL for children, female andmale, respectively
[26]. These updated lower reference limits exhibited a high
degree of similarity with those determined by the RefineR and
ReflimRmethods in our study for the Improgen® kit. In a study
conducted in Türkiye using spectrophotometric method,

serum Zn reference intervals were found as 66.4–104.7 in non-
pregnant women, 65.6–111.5 in men and 69.2–101.1 μg/dL in
pregnant women [27]. In that study, reference intervals were
calculated by direct method and children under 18 years of age
were not included in the study. In contrast to the previous
study, the lower reference limits reported by Demirel et al. [27]
were more comparable to those determined in our study for
the Archem® kit using the RefineR and ReflimR methods.
Collectively, these findings underscore the necessity of estab-
lishing reference intervals that are specific to both the
analytical method and the population.

Although numerous statistical methods exist for calcu-
lating indirect reference intervals, our study employed only
three methods. Among these, the reference intervals esti-
mated using the Bhattacharya method were slightly lower
than those obtained via the RefineR and ReflimRmethods.We
consider that these discrepancies may be attributed to dif-
ferences variations in sample size, data distribution, and
preprocessing techniques such as data cleaning. Therefore,
we underscore the necessity for updated standardized
guidelines to provide clear recommendations on the appro-
priate selection of methods based on varying data charac-
teristics when determining indirect reference intervals.

Before clinical laboratories use the recommended refer-
ence intervals by manufacturers or guidelines, transference
and local validations should be done for the validity of
reference intervals. Even if reference intervals are obtained
by transference, it is important to observe that they are suit-
able for the population and, if not, population-based reference
intervals should be established by the laboratory. The refer-
ence intervals obtained by transference from different
methods may be incompatible with the population due to the
fact that bias was not determined bymethod comparison [28].

To emphasise this point, in our study we found
that even the reference intervals for zinc measured

Figure 3: Prevalence of zinc deficiency according to reference intervals from two manufacturers and study-specific RefineR methods. (A) Improgen kit.
(B) Archem kit.
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spectrophotometrically in a similar population differed. The
reference intervals we determined for the Improgen® kit
were lower than the reference intervals of the Archem® kit
in all three methods. The overall prevalence of zinc defi-
ciency in the similar population in different time periods
was found to be 20.0 %with the Improgen® kit and 8.5 %with
the Archem® kit according to the manufacturers’ reference
intervals. Although the determined reference intervals and
lower reference limits were different, the prevalence of zinc
deficiency has decreased substantially after the imple-
mentation of defined reference intervals for both kits and
has reached almost the same level (20.0–4.6 % and
8.5–4.7 %). Analytical bias may explain the lower reference
intervals for the Improgen® kit compared to the Archem®kit.

Zinc deficiency is rare in healthy individuals who do not
have malabsorption problems and are not on a restricted di-
etary programme, and routine use of zinc supplements is not
recommended in these individuals [29]. Furthermore, low
levels of zinc in the blood do not necessarily indicate a general
deficiency. Instead, they may be a reflection of the body’s
natural response to inflammation. Subsequent to the cessation
of inflammation, blood zinc levels may return to normal [30].

The study’s notable strength lies in its meticulous deter-
mination and comparison of various reference intervals for
zinc levels measured spectrophotometrically with two
different kits. Furthermore, the investigation extended to the
impact of different reference intervals on the prevalence of
zinc deficiency in a similar population. Conversely, the main
limitation of this study was the inability to differentiate be-
tweenpregnant andnon-pregnantwomen, due to the fact that
zinc levels decrease during pregnancy.

The establishment of appropriate and accurate zinc
reference intervals is of paramount importance in order to
avoid the overdiagnosis of zinc deficiency, the unnecessary
laboratory testing and the administration of supplements to
individuals without underlying deficiencies. Thus, unnec-
essary healthcare costs can be prevented.
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