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Abstract

Background: Accurate pediatric reference intervals (RIs) 
for laboratory tests determined in a healthy pediatric 
population are essential for correct laboratory test inter-
pretation and clinical decision-making. In pediatrics, 
RIs require partitioning by age and/or sex; however, the 
need for partitioning based on ethnicity is unclear. Here, 
we assessed the influence of ethnicity on biomarker 
concentrations in the Canadian Laboratory Initiative on 
Pediatric Reference Intervals (CALIPER) cohort of healthy 
children and adolescents and compared the results with 
the National Health and Nutrition Examination Survey 
(NHANES).
Methods: A total of 52 biomarkers were measured in a 
multiethnic population of 846–1179 healthy children (aged 
5 to <19  years) upon informed consent. Biomarker con-
centrations were retrospectively compared between four 
major ethnic groups (i.e. Black, Caucasian, East Asian, 
and South Asian, determined by parental ethnicity). 
Retrospective results were verified prospectively using 
an additional 500  healthy pediatric samples with equal 
sample size across ethnicities. Ethnic-specific differences 

were assessed based on statistical significance and bio-
logical and analytical variations. Appropriate age-, sex-, 
and ethnic-specific RIs were calculated.
Results: Ethnic-specific differences were not observed 
for 34 biomarkers examined in the retrospective analy-
sis, while 18 demonstrated statistically significant ethnic 
differences. Among these, seven analytes demonstrated 
ethnic-specific differences in the prospective analysis: 
vitamin D, amylase, ferritin, follicle-stimulating hormone 
(FSH), immunoglobulin A (IgA), immunoglobulin G (IgG), 
and immunoglobulin M (IgM). Analysis of select NHANES 
data confirmed CALIPER findings.
Conclusions: This is the first comprehensive Canadian 
pediatric study examining ethnic-specific differences in 
common biomarkers. While the majority of biomarkers did 
not require ethnic partitioning, ethnic-specific RIs were 
established for seven biomarkers showing marked differ-
ences. Further studies in other populations are needed to 
confirm our findings.

Keywords: adolescents; CALIPER; children; ethnicity; 
pediatric; reference intervals.

Introduction
In clinical laboratory medicine, patient test results are 
often interpreted by comparison to reference intervals 
(RIs), which are usually defined as the central 95% of 
laboratory test results obtained from a healthy reference 
population. The Clinical and Laboratory Standards Insti-
tute (CLSI) has established guidelines on defining, estab-
lishing, and verifying RIs [1]. Establishing accurate RIs is 
challenging, as it requires recruitment of a large healthy 
reference population. As a result, adult and pediatric RIs 
appropriately partitioned for key covariates that introduce 
inter-individual variation in population biomarker con-
centrations are lacking. Traditionally, RIs are partitioned 
based on age, sex, and/or Tanner Stage, while other 
important covariates such as ethnicity have been seldom 
examined [2–5]. In fact, RIs have conventionally been 
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calculated based on samples obtained from one ethnic 
group, particularly Caucasians [2, 3].

Many studies have noted ethnic differences in the 
levels of routine chemistry, fertility, and endocrine 
markers in pediatric and/or adult populations [2]. In 
pediatrics, Caucasians and South Asians were reported to 
exhibit higher alanine aminotransferase (ALT) levels than 
East Asians [3], while in both pediatrics and adults, Asians 
have higher amylase levels than Caucasians [3, 6]. One of 
the most notable differences in fertility markers is seen 
for follicle-stimulating hormone (FSH) in adults, where 
Caucasians have lower levels than Asians [7, 8]. Ethnic dif-
ferences in thyroid hormones have also been observed in 
both pediatric and adult populations. Free thyroxine (FT4) 
levels are lower in Caucasian than in Asian children and 
adolescents [4] and higher in Caucasian adults compared 
to Black adults [9]. Conversely, pediatric total triiodothy-
ronine (TT3) levels were reported to be higher in Cau-
casians than in Asians [4]. Evidence on the influence of 
ethnicity on many other biomarkers remains conflicting, 
potentially due to differences in environmental factors, 
age and sex of study participants, as well as the statisti-
cal analysis [2]. Furthermore, few studies have analyzed 
biomarker levels in East and South Asian populations [2]. 
Thus, our understanding of the influence of ethnicity on 
biomarker levels remains limited.

Only a few studies have established ethnic-specific 
RIs, most of which are based on adults [2]. For example, 
Lim et  al. established adult ethnic-specific RIs for 
Asians, Blacks, Caucasians, and Hispanics living in the 
United States (US) using the National Health and Nutri-
tion Examination Survey (NHANES) database [10]. 
Additionally, Ichihara et  al. established adult ethnic-
specific RIs using data from East and South East Asian 
countries [11, 12]. Expectedly, the lack of ethnic-specific 
RIs in the literature has the potential to lead to the mis-
interpretation of laboratory test results and contribute to 
misdiagnosis and clinical error. Therefore, understanding 
the influence of ethnicity on healthy biomarker concen-
trations is essential to improve the accuracy of laboratory 
test result interpretation and clinical decision-making.

Patients’ ethnicity is currently not considered in clinical 
interpretation of laboratory results. A robust investigation 
of the influence of ethnicity on biomarker concentrations is 
therefore essential to identify biomarkers with significant 
ethnic differences. The current study examined differences 
in pediatric biomarker concentrations between four major 
Canadian ethnic groups (i.e. Black, Caucasian, East Asian, 
and South Asian), categorized based on the 2016 Cana-
dian census [13], and described in Supplementary Table 1. 
Ethnic-specific RIs were then calculated where necessary. 

This study utilized data from the Canadian Laboratory Ini-
tiative on Paediatric Reference Intervals (CALIPER) project, 
including those from published studies (retrospective) 
[3–5], as well as newly recruited participants from all four 
ethnic groups (prospective). NHANES data, containing US 
pediatric biomarker concentrations, were also analyzed 
to confirm results obtained using a Canadian population. 
This is the first extensive Canadian study that establishes 
ethnic differences and ethnic-specific RIs to improve the 
accuracy of laboratory test interpretation and clinical 
decision-making.

Materials and methods
Overview

This study was completed in three phases: (a) retrospective analysis 
of ethnic-specific differences using published CALIPER data, (b) pro-
spective analysis of ethnic-specific differences using 500 additional 
samples, and (c) establishment of ethnic-specific RIs.

Participant recruitment, sample acquisition, and sample 
analysis

This study was approved by the Research Ethics Board at the Hospi-
tal for Sick Children (Toronto, ON). Informed consent was obtained 
from all participants and/or families. In summary, blood was col-
lected from healthy community children and adolescents (aged 5 to 
<19 years) in serum separator tubes. Serum was separated, aliquoted 
within 4 h of phlebotomy, and frozen at −80 °C until analysis. Only 
samples from individuals belonging to one of the four major Cana-
dian ethnicities (i.e. Black, Caucasian, East Asian, and South Asian), 
with the same self-identified maternal and paternal ethnic back-
ground, were included. Exclusion criteria for all parts of the study 
included the presence of acute illness, history of chronic or meta-
bolic illness, pregnancy, and use of prescription medication within 
2 weeks of phlebotomy.

Retrospective analysis

Pediatric biomarker concentrations tested from 2009 to 2013  were 
selected from three published CALIPER studies [3–5]. Additional 
samples tested from 2012 to 2016 using biochemical assays were 
added to further increase the statistical power of the analysis.

Biomarker concentrations for 35 biochemical assays (i.e. serum 
chemistry, enzymes, lipids, and proteins) measured on the Abbott 
ARCHITECT c8000 analyzer for a total of 1179  subjects (46 Blacks, 
905 Caucasians, 103 East Asians, and 125 South Asians) from the 
study by Colantonio et  al. [3] were used. The following biochemi-
cal assays were examined: albumin (bromocresol purple method), 
alkaline phosphatase (ALP), ALT, amylase, apolipoprotein A1 (apo 
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A1), apolipoprotein B (apo B), antistreptolysin O (ASO), aspartate 
aminotransferase (AST), bilirubin (direct), bilirubin (total), com-
plement component 3 (C3), complement component 4 (C4), cal-
cium, cholinesterase, cholesterol (total), carbon dioxide, creatinine 
(enzymatic), high-sensitivity C-reactive protein (hsCRP), gamma-
glutamyltransferase (GGT), haptoglobin, immunoglobulin A (IgA), 
immunoglobulin G (IgG), immunoglobulin M (IgM), iron, lipase, 
magnesium, phosphorus, prealbumin, rheumatoid factor, total pro-
tein, transferrin, triglycerides (TG), high-density lipoprotein choles-
terol (HDL-C), urea, and uric acid.

Additionally, concentration data for 11 biochemical and endo-
crine markers from the study by Bailey et  al. [4], and six fertility 
markers from Konforte et  al. [5] for a total of 846 individuals (29 
Blacks, 612 Caucasians, 79 East Asians, and 126 South Asians) meas-
ured using Abbott Architect i2000 analyzer, were examined. The 17 
immunochemical assays examined include: α-fetoprotein (AFP), 
cobalamin, cortisol, estradiol, ferritin, folate, FSH, free triiodothyro-
nine (FT3), FT4, luteinizing hormone (LH), progesterone, prolactin, 
sex hormone-binding globulin (SHBG), thyroid-stimulating hormone 
(TSH), TT3, total thyroxine (TT4), and 25(OH) vitamin D.

Prospective analysis

Eighteen biomarkers, including ALT, amylase, direct bilirubin, C3, 
C4, cholesterol (total), hsCRP, IgA, IgG, IgM, iron, transferrin, TG, 
uric acid, ferritin, FSH, SHBG, and 25(OH) vitamin D, that demon-
strated significant ethnic differences in the retrospective analy-
sis were selected to be retested in the prospective analysis. Five 
hundred samples (125 from each of the four ethnicities), uniformly 
encompassing ages 5 to <19 years, were selected for the prospec-
tive analysis and tested in 2017 using the same Abbott assays. 
Although 97 of these samples were also used in the retrospective 
analysis, they were retested in the prospective study for analytical 
consistency.

NHANES data analysis

Where available, NHANES data were analyzed to confirm the 
results of prospective findings. NHANES pediatric demographics, 
health, and laboratory data were downloaded for 25(OH) vitamin 
D (5 to <19  years), ALT (12 to <19  years), iron (12 to <19  years), TG 
(12 to <19 years), and total cholesterol (12 to <19 years) gathered in 
2011–2016, as well as SHBG (13 to <19 years) gathered in 2013–2016 
(www.cdc.gov/nchs/nhanes). 25(OH) vitamin D, including D2 and D3, 
was measured using ultra high performance liquid chromatography-
tandem mass spectrometry. ALT, iron, total cholesterol, and TG were 
measured on Beckman UniCel® DxC800/660i Synchron. SHBG was 
tested on Roche/Hitachi cobas e411 analyzer. While 5- to <19-year-old 
data were available for vitamin D, data from <12 years were not avail-
able for ALT, iron, TG, and total cholesterol. Additionally, due to the 
large age-dependent changes in SHBG [5], and the large sample size 
of adolescents, only participants aged 13 to <19 years were included. 
Overall, only participants who were both interviewed and examined, 
as well as those belonging to one of the following four ethnic groups 
were included: Black (i.e. non-Hispanic Black), Caucasian (i.e. non-
Hispanic White), Asian (i.e. East, South, and South East Asian), and 
Hispanic (i.e. Mexican American and Other Hispanic). Following the 

application of inclusion and exclusion criteria, 2958 participants 
were selected to be analyzed.

Calculation of ethnic-specific reference intervals

Ethnic-specific RIs were established for the seven biomarkers show-
ing ethnic differences in both retrospective and prospective analysis: 
25(OH) vitamin D, amylase, ferritin, FSH, IgA, IgG, and IgM. To cal-
culate ethnic-specific RIs, results from 713 CALIPER samples were 
used, including data from the prospective analysis (n = 497), analysis 
of new CALIPER samples (n = 140), and retrospective data for ferritin 
and FSH (n = 76), due to the analytical similarity of these two assays 
over time.

Statistical procedures

Statistical procedures for the retrospective analysis, prospective 
analysis, and the calculation of RIs are included in detail in the 
Supplementary Methods. All statistical analyses were conducted on 
R software (R Version 3.5.1) and Excel (Microsoft).

In summary, concentrations of biomarkers in the retrospec-
tive analysis (Supplementary Figure 1) were compared between 
ethnic groups, while adjusting for age, using analysis of covariance 
(ANCOVA). ANCOVA results were verified by analysis of variance 
(ANOVA). To assess potential clinical significance of the statistical 
findings, statistically significant ethnic differences for a given bio-
marker were compared to biomarker-specific reference change val-
ues (RCVs) previously determined by CALIPER or available in the 
literature [14–18]. RCV is a measure of biological (intra-individual) 
and analytical (assay imprecision) variations. Biomarkers showing 
statistically significant ethnic differences that were either greater 
than or marginally below RCVs were selected to be tested in the pro-
spective analysis. In the prospective analysis (Supplementary Figure 
2), values of biomarkers partitioned by age in previous CALIPER 
publications [3–5] were compared using ANCOVA with age adjust-
ment. Otherwise, ANOVA was performed. Biomarkers showing sta-
tistically significant ethnic differences exceeding respective RCVs in 
the prospective analysis were selected to establish ethnic-specific 
RIs. NHANES data were analyzed the same way as the prospective 
analysis, except for the use of Cook’s distance to remove outliers. 
After dividing the data into ethnic partitions, based on the results of 
the prospective analysis, age and sex partitions were tested using the 
Harris and Boyd method [3–5]. Following this, age-, sex-, and ethnic-
specific RIs were calculated using the nonparametric rank method 
(n ≥ 120) or Horn and Pesce robust method (40 ≤ n < 120) (Supplemen-
tary Figure 3).

Results

Retrospective analysis

Out of the 35 biochemical assays examined, 17 demon-
strated statistically significant differences in concentration 

www.cdc.gov/nchs/nhanes
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between at least two ethnicities (Supplementary Tables 2 
and 3): direct bilirubin, calcium, iron, magnesium, uric 
acid, ALT, amylase, total cholesterol, TG, albumin, C3, C4, 
hsCRP, IgA, IgG, IgM, and transferrin. Furthermore, eight 
out of 17 immunochemical assays showed statistically sig-
nificant differences between at least two ethnicities (Sup-
plementary Tables 2 and 3): 25(OH) vitamin D, ferritin, 
folate, FT3, FT4, FSH, progesterone, and SHBG. Among 
these biochemical and immunochemical assays, statisti-
cally significant differences observed for the following 
14 biomarkers exceeded their respective RCVs and were 
selected to be verified in the prospective analysis: 25(OH) 
vitamin D, amylase, C3, C4, hsCRP, ferritin, FSH, IgA, IgG, 
IgM, SHBG, total cholesterol, transferrin, and uric acid. 
Four additional biomarkers showed large statistically sig-
nificant differences, marginally below RCVs, between at 

least a pair of ethnicities, including: ALT, direct bilirubin, 
iron, and TG. These biomarkers were also verified in the 
prospective analysis.

Prospective analysis

To verify the retrospective analysis, a prospective study 
was conducted using samples from an equal number (i.e. 
125) of participants in each of the four ethnic groups. The 
G*Power software was used to calculate the statistical 
power of the analysis: medium effect size (i.e. 0.25), an α 
of 0.05, and a total sample size of 500 participants gener-
ated a statistical power (i.e. β) of 0.9988.

Of the 18 biomarkers examined, 14 demonstrated 
statistically significant differences between at least two 
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ethnicities. Concentrations of biomarkers showing sta-
tistically significant ethnic differences are shown in 
Figures  1–4 and Supplementary Figures 4–17. These dif-
ferences were observed in both males and females, unless 
specifically indicated: ALT, amylase, 25(OH) vitamin D, 
C3, C4, ferritin (males only), FSH (males only), IgA, IgG, 
IgM (separately in males and females), SHBG, transfer-
rin, TG, and uric acid. Seven of these biomarkers demon-
strated statistically significant ethnic differences greater 
than their respective RCVs (Figures 1–4, Table 1, and 
Supplementary Table 4), including: 25(OH) vitamin D, 
amylase, ferritin (males only), FSH (males only), IgA, IgG, 
and IgM (separately in males and females). These seven 
biomarkers were identified as showing clear ethnic-spe-
cific differences.

NHANES data analysis

NHANES data were used to verify the results of the pro-
spective analysis. The G*Power software was used to cal-
culate the statistical power of the analysis: medium effect 
size (i.e. 0.25), an α of 0.05, and a minimum sample size of 
872 participants (i.e. SHBG) generated a statistical power 
(i.e. β) of 1.0000.

Statistically significant ethnic differences were 
observed in the levels of ALT, iron, total cholesterol, TG, 
and SHBG, but none of these differences were greater 
than their respective RCVs. Vitamin D levels were higher 
in Caucasians than in Blacks, Asians, and Hispanics. 
These differences were statistically significant, exceeded 
the RCV, and were consistent with those observed in the 
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prospective study. Thus, NHANES data confirmed pro-
spective analysis results by showing clear ethnic-specific 
differences in the levels of 25(OH) vitamin D, but not ALT, 
iron, total cholesterol, and TG (Supplementary Table 5). 
NHANES biomarker concentrations showing statistically 
significant ethnic differences are shown in Supplemen-
tary Figures 18–35.

Calculation of ethnic-specific reference 
intervals

For the seven biochemical markers showing statistically 
significant differences exceeding RCV, data from the pro-
spective and retrospective analysis, as well as additional 

sample analyses, were used to calculate ethnic-specific 
RIs, further partitioned by age and sex (Table 2 and Sup-
plementary Table 6). Biomarker concentration data used 
to calculate ethnic-specific RIs are shown in Supplemen-
tary Figures 36–43.

Discussion
This is the first comprehensive study to assess the influ-
ence of ethnicity on biomarker concentrations in a cohort 
of multi-ethnic Canadian pediatric participants and 
establish ethnic-specific RIs. Population concentrations 
from the CALIPER cohort of healthy children and adoles-
cents were used to retrospectively analyze the influence of 

B

0

0.5

1

1.5

2

2.5

3

5 7 9 11 13 15 17 19

IgM (Males)
IgM (Males)

BK

CA

EA

SA

BK median

CA median

EA median

SA median

0

0.5

1

1.5

2

2.5

3

5 7 9 11 13 15 17 19

Age, years

Age, years

IgM (Females) IgM (Females)

BK

CA

EA

SA

BK median

CA median

EA median

SA median

A

DC

**

*

**

***

***

Se
ru

m
 le

ve
ls

, g
/L

0

0.5

1

1.5

2

2.5

3

Se
ru

m
 le

ve
ls

, g
/L

0

0.5

1

1.5

2

2.5

3

Se
ru

m
 le

ve
ls

, g
/L

Se
ru

m
 le

ve
ls

, g
/L

Legend:
: p-value <0.05
: p-value <0.01
: p-value <0.001

*
**
***

x: 1.18–
x: 1.17–
x: 1.43–
x: 1.25–

Legend:
: p-value <0.05
: p-value <0.01
: p-value <0.001

*
**
***

x: 0.86–
x: 0.87–
x: 1.19–
x: 0.95–

Black Caucasian East
Asian

South
Asian

Black Caucasian East
Asian

South
Asian

Figure 3: Scatterplots and boxplots of female and male IgM concentrations partitioned by ethnicity.
Scatterplots and boxplots compare IgM male (A–B) and female (C–D) concentrations between participants of different ethnicities in the 
prospective analysis. Mean values (unadjusted for age) are shown in the top left corner of boxplots. p-Values shown in boxplots were 
calculated without adjusting for age, as age difference is not indicated by a previous CALIPER reference interval study [3]. Statistically 
significant ethnic differences were found to exceed RCVs (see Table 1). IgM, immunoglobulin M. Note: outliers are not shown in scatterplots 
and boxplots. Values are in SI units.



Tahmasebi et al.: Influence of ethnicity on biochemical markers of health and disease      611

ethnicity on pediatric biomarker concentrations between 
four major Canadian ethnic groups (i.e. Caucasian, East 
Asian, South Asian, and Black). Among the 52  markers 
analyzed, the majority (i.e. 34) showed no statistically 
significant differences between children of different eth-
nicities. Those with clear ethnic-specific differences were 
verified by a prospective analysis, which identified seven 
biomarkers (i.e. 25(OH) vitamin D, amylase, ferritin, FSH, 
IgA, IgG, and IgM) with large ethnic differences that were 
both statistically significant and exceeded correspond-
ing RCVs. US pediatric data (i.e. NHANES) were used to 
confirm the findings in the Canadian pediatric population 
for six of the original 52 studied biomarkers. Thus, while 
preliminary findings suggest high concordance between 
cohorts, no strong conclusions can be made regarding the 

application of CALIPER data to the US population for all 52 
biomarkers. Age-, sex-, and ethnic-specific RIs were calcu-
lated for the seven biomarkers. Unlike many studies in the 
literature that use solely statistical methods to establish 
ethnic differences, the current study uses statistical, ana-
lytical, and biological criteria to identify such differences.

Both CALIPER and NHANES data show that 25(OH) 
vitamin D levels are higher in Caucasians than in Asians 
and Blacks. Similarly, other pediatric and adult studies 
have reported higher 25(OH) vitamin D levels in Cauca-
sians compared to Blacks [2] and South Asians [19]. Such 
ethnic differences may be explained by diet, sun expo-
sure, and skin pigmentation [2]. Despite lower 25(OH) 
vitamin D levels in Blacks, compensatory physiological 
mechanisms may be present to prevent bone loss. These 
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612      Tahmasebi et al.: Influence of ethnicity on biochemical markers of health and disease

Ta
bl

e 
1:

 B
io

m
ar

ke
r c

on
ce

nt
ra

tio
ns

 in
 S

I u
ni

ts
 a

nd
 e

th
ni

c c
om

pa
ris

on
 o

f b
io

m
ar

ke
rs

 te
st

ed
 in

 th
e 

pr
os

pe
ct

iv
e 

an
al

ys
is

.

Bi
oc

he
m

ic
al

 
m

ar
ke

r, 
un

its
   

Se
x

   
Bl

ac
k

   
Ca

uc
as

ia
n

   
Ea

st
 A

si
an

   
So

ut
h 

As
ia

n
   

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 
et

hn
ic

 
di

ffe
re

nc
es

  
(%

 d
iff

er
en

ce
)

   
RC

Vs
   

RC
V 

re
fe

re
nc

e
n

 
M

ea
n 

± 
SD

 A
ge

-a
dj

us
te

d 
m

ea
n

n
 

M
ea

n 
± 

SD
 A

ge
-a

dj
us

te
d 

m
ea

n
n

 
M

ea
n 

± 
SD

 A
ge

-a
dj

us
te

d 
m

ea
n

n
 

M
ea

n 
± 

SD
 A

ge
-a

dj
us

te
d 

m
ea

n

25
(O

H)
 vi

ta
m

in
 

D,
 n

m
ol

/L
 

M
 +

 F
 

12
5

 
43

.5
0 

± 
16

.7
4

 4
4.

70
 

12
0

 
70

.5
5 

± 
18

.0
8

 6
9.

50
 

12
3

 
51

.5
6 

± 
15

.0
4

 5
2.

65
 

12
3

 
43

.4
4 

± 
16

.5
9

 4
2.

15
 

BK
 <

 C
A 

(4
3.

43
)

EA
 <

 C
A 

(2
7.

59
)

SA
 <

 C
A 

(4
8.

99
)

SA
 <

 EA
 (2

2.
15

)

 
18

.0
%

 
[1

5]

AL
T,

 U
/L

 
M

 
54

 
17

.2
6 

± 
8.

35
 1

5.
72

 
61

 
17

.4
3 

± 
5.

96
 1

6.
59

 
56

 
15

.6
3 

± 
7.

13
 1

4.
43

 
61

 
17

.2
4 

± 
6.

22
 1

6.
29

 
NS

 
47

.4
%

 
[1

6]
 

F
 

71
 

11
.7

3 
± 

5.
31

 1
0.

97
 

63
 

16
.0

5 
± 

6.
41

 1
5.

09
 

65
 

12
.2

4 
± 

4.
90

 1
1.

54
 

62
 

15
.3

0 
± 

7.
96

 1
3.

91
 

BK
 <

 C
A 

(3
1.

62
)

EA
 <

 C
A 

(2
6.

66
)

BK
 <

 S
A 

(2
3.

63
)

Am
yl

as
e,

 U
/L

 
M

 +
 F

 
12

3
 

79
.2

6 
± 

24
.0

3
 N

/A
 

12
5

 
58

.2
2 

± 
18

.2
8

 N
/A

 
12

4
 

70
.1

9 
± 

22
.8

1
 N

/A
 

12
3

 
71

.4
1 

± 
22

.1
8

 N
/A

 
CA

 <
 B

K 
(3

0.
61

)
CA

 <
 EA

 (1
8.

64
)

CA
 <

 S
A 

(2
0.

35
)

 
16

.7
%

 
[1

6]

C3
, g

/L
 

M
 +

 F
 

12
5

 
1.

21
 ±

 0
.1

9
 N

/A
 

12
3

 
1.

19
 ±

 0
.1

8
 N

/A
 

12
4

 
1.

10
 ±

 0
.1

9
 N

/A
 

12
3

 
1.

25
 ±

 0
.1

9
 N

/A
 

EA
 <

 B
K 

(9
.5

2)
EA

 <
 C

A 
(7

.8
6)

EA
 <

 S
A 

(1
2.

77
)

 
15

.2
%

 
[1

6]

C4
, g

/L
 

M
 +

 F
 

12
4

 
0.

24
 ±

 0
.0

6
 N

/A
 

12
4

 
0.

21
 ±

 0
.0

6
 N

/A
 

12
1

 
0.

21
 ±

 0
.0

6
 N

/A
 

12
3

 
0.

25
 ±

 0
.0

7
 N

/A
 

CA
 <

 B
K 

(1
3.

33
)

EA
 <

 B
K 

(1
3.

33
)

CA
 <

 S
A 

(1
7.

39
)

EA
 <

 S
A 

(1
7.

39
)

 
18

.0
%

 
[1

6]

Di
re

ct
 

bi
lir

ub
in

, 
μm

ol
/L

 
M

 
52

 
4.

69
 ±

 2
.4

9
 4

.0
2

 
58

 
4.

40
 ±

 2
.2

2
 4

.0
8

 
58

 
4.

44
 ±

 2
.0

0
 3

.9
9

 
58

 
4.

23
 ±

 2
.2

1
 3

.9
1

 
NS

 
N/

A
 

N/
A

 
F

 
70

 
3.

68
 ±

 1
.3

6
 3

.4
0

 
63

 
4.

27
 ±

 2
.3

0
 3

.9
3

 
66

 
3.

98
 ±

 1
.4

0
 3

.6
6

 
61

 
3.

87
 ±

 1
.8

8
 3

.6
4

 
NS

Fe
rr

iti
n,

 
pm

ol
/L

 
M

 
54

 1
02

.8
5 

± 
61

.8
0

 8
6.

45
 

62
 

97
.3

7 
± 

55
.8

2
 8

5.
89

 
57

 1
62

.8
4 

± 
82

.2
0

 1
42

.3
9

 
61

 
94

.8
8 

± 
57

.9
1

 8
2.

08
 

SA
 <

 EA
 (5

3.
74

)
CA

 <
 EA

 (4
9.

50
)

BK
 <

 EA
 (4

8.
89

)

 
46

.2
%

 
[1

7]

 
F

 
71

 
80

.9
2 

± 
62

.4
2

 6
3.

14
 

63
 

79
.2

0 
± 

37
.0

3
 7

2.
43

 
66

 
98

.2
4 

± 
59

.0
8

 8
1.

44
 

62
 

80
.3

1 
± 

61
.7

5
 6

5.
58

 
NS

FS
H,

 IU
/L

 
M

 
54

 
2.

25
 ±

 1
.4

9
 1

.6
0

 
62

 
1.

96
 ±

 1
.5

9
 1

.4
6

 
58

 
2.

80
 ±

 1
.5

1
 2

.1
9

 
61

 
2.

16
 ±

 1
.8

1
 1

.6
3

 
CA

 <
 EA

 (4
0.

00
)

 
27

.0
%

 
[1

7]
 

F
 

69
 

3.
71

 ±
 1

.9
8

 2
.7

7
 

61
 

3.
01

 ±
 2

.1
6

 2
.3

5
 

66
 

3.
49

 ±
 1

.7
1

 2
.6

9
 

61
 

3.
59

 ±
 2

.0
7

 3
.1

8
 

NS
hs

-C
RP

, m
g/

L
 

M
 +

 F
 

12
4

 
0.

82
 ±

 1
.4

1
 0

.2
9

 
12

2
 

0.
86

 ±
 1

.5
7

 0
.3

1
 

12
4

 
0.

72
 ±

 1
.3

1
 0

.2
3

 
12

3
 

0.
83

 ±
 1

.3
5

 0
.2

9
 

NS
 

N/
A

 
N/

A
Ig

A,
 g

/L
 

M
 +

 F
 

12
2

 
1.

56
 ±

 0
.5

6
 1

.5
2

 
12

2
 

1.
46

 ±
 0

.5
2

 1
.5

0
 

12
4

 
1.

84
 ±

 0
.6

5
 1

.7
9

 
12

3
 

1.
75

 ±
 0

.6
4

 1
.7

9
 

BK
 <

 EA
 (1

6.
31

)
CA

 <
 EA

 (1
7.

63
)

BK
 <

 S
A 

(1
6.

31
)

CA
 <

 S
A 

(1
7.

63
)

 
12

.9
%

 
[1

6]

Ig
G,

 g
/L

 
M

 +
 F

 
12

3
 

12
.7

8 
± 

2.
43

 1
2.

67
 

12
3

 
10

.4
7 

± 
2.

03
 1

0.
57

 
12

3
 

11
.8

7 
± 

2.
39

 1
1.

75
 

12
2

 
11

.4
7 

± 
2.

11
 1

1.
60

 
CA

 <
 S

A 
(9

.2
9)

CA
 <

 EA
 (1

0.
57

)
CA

 <
 B

K 
(1

8.
07

)
SA

 <
 B

K 
(8

.8
2)

 
7.

8%
 

[1
6]



Tahmasebi et al.: Influence of ethnicity on biochemical markers of health and disease      613

Bi
oc

he
m

ic
al

 
m

ar
ke

r, 
un

its
   

Se
x

   
Bl

ac
k

   
Ca

uc
as

ia
n

   
Ea

st
 A

si
an

   
So

ut
h 

As
ia

n
   

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

 
et

hn
ic

 
di

ffe
re

nc
es

  
(%

 d
iff

er
en

ce
)

   
RC

Vs
   

RC
V 

re
fe

re
nc

e
n

 
M

ea
n 

± 
SD

 A
ge

-a
dj

us
te

d 
m

ea
n

n
 

M
ea

n 
± 

SD
 A

ge
-a

dj
us

te
d 

m
ea

n
n

 
M

ea
n 

± 
SD

 A
ge

-a
dj

us
te

d 
m

ea
n

n
 

M
ea

n 
± 

SD
 A

ge
-a

dj
us

te
d 

m
ea

n

Ig
M

, g
/L

 
M

 
53

 
0.

86
 ±

 0
.3

2
 N

/A
 

62
 

0.
87

 ±
 0

.2
9

 N
/A

 
57

 
1.

19
 ±

 0
.4

3
 N

/A
 

61
 

0.
95

 ±
 0

.4
1

 N
/A

 
BK

 <
 EA

 (3
2.

20
)

CA
 <

 EA
 (3

1.
07

)
SA

 <
 EA

 (2
2.

43
)

 
12

.3
%

 
[1

6]

 
F

 
70

 
1.

18
 ±

 0
.4

3
 N

/A
 

63
 

1.
17

 ±
 0

.3
6

 N
/A

 
64

 
1.

43
 ±

 0
.4

8
 N

/A
 

62
 

1.
25

 ±
 0

.4
1

 N
/A

 
BK

 <
 EA

 (1
9.

16
)

CA
 <

 EA
 (2

0.
00

)
Iro

n,
 μ

m
ol

/L
 

M
 

54
 

15
.5

6 
± 

4.
28

 1
4.

80
 

62
 

16
.5

4 
± 

5.
51

 1
5.

74
 

57
 

17
.7

1 
± 

6.
37

 1
6.

44
 

61
 

15
.6

4 
± 

6.
19

 1
4.

61
 

NS
 

N/
A

 
N/

A
 

F
 

71
 

14
.4

6 
± 

4.
82

 1
3.

48
 

63
 

16
.5

0 
± 

5.
42

 1
5.

76
 

66
 

15
.9

5 
± 

5.
57

 1
4.

69
 

62
 

14
.0

9 
± 

4.
86

 1
3.

28
 

NS
SH

BG
, n

m
ol

/L
 

M
 

54
 

51
.0

3 
± 

28
.9

7
 4

7.
84

 
60

 
68

.1
6 

± 
43

.1
9

 5
2.

61
 

58
 

50
.2

7 
± 

34
.8

3
 4

2.
68

 
61

 
58

.7
0 

± 
38

.0
3

 4
4.

34
 

NS
 

37
.5

%
 

[1
7]

 
F

 
70

 
64

.6
4 

± 
30

.9
7

 6
0.

39
 

61
 

81
.3

6 
± 

41
.3

0
 6

6.
09

 
65

 
51

.4
4 

± 
24

.0
3

 4
8.

90
 

62
 

60
.7

9 
± 

37
.6

6
 4

6.
50

 
SA

 <
 B

K 
(2

5.
99

)
SA

 <
 C

A 
(3

4.
80

)
EA

 <
 C

A 
(2

9.
90

)
To

ta
l 

ch
ol

es
te

ro
l, 

m
m

ol
/L

 
M

 +
 F

 
12

5
 

4.
06

 ±
 0

.7
5

 N
/A

 
12

5
 

4.
11

 ±
 0

.6
4

 N
/A

 
12

2
 

4.
08

 ±
 0

.6
2

 N
/A

 
12

2
 

4.
12

 ±
 0

.7
1

 N
/A

 
NS

 
7.

9%
 

[1
6]

Tr
an

sf
er

rin
, 

g/
L

 
M

 +
 F

 
12

5
 

2.
76

 ±
 0

.3
4

 N
/A

 
12

5
 

2.
78

 ±
 0

.2
7

 N
/A

 
12

3
 

2.
70

 ±
 0

.3
2

 N
/A

 
12

3
 

2.
93

 ±
 0

.2
9

 N
/A

 
BK

 <
 S

A 
(5

.9
8)

CA
 <

 S
A 

(5
.2

5)
EA

 <
 S

A 
(8

.1
7)

 
9.

8%
 

[1
6]

Tr
ig

ly
ce

rid
es

, 
m

m
ol

/L
 

M
 +

 F
 

12
4

 
0.

89
 ±

 0
.4

5
 N

/A
 

12
2

 
1.

05
 ±

 0
.5

7
 N

/A
 

12
3

 
1.

23
 ±

 0
.6

7
 N

/A
 

12
3

 
1.

24
 ±

 0
.6

7
 N

/A
 

BK
 <

 EA
 (3

2.
08

)
BK

 <
 S

A 
(3

2.
86

)
CA

 <
 S

A 
(1

6.
59

)

 
74

.9
%

 
[1

6]

Ur
ic

 a
ci

d,
 

μm
ol

/L
 

M
 

54
 2

87
.5

0 
± 

67
.5

2
 2

73
.0

6
 

61
 2

84
.9

0 
± 

69
.8

1
 2

82
.2

2
 

57
 3

12
.4

6 
± 

71
.0

2
 2

99
.6

3
 

60
 2

88
.4

3 
± 

89
.4

8
 2

81
.8

9
 

NS
 

19
.2

%
 

[1
6]

 
F

 
71

 2
28

.6
4 

± 
50

.5
7

 2
19

.1
8

 
61

 2
53

.8
4 

± 
53

.2
9

 2
52

.0
6

 
66

 2
70

.1
7 

± 
55

.7
0

 2
58

.3
9

 
62

 2
46

.6
4 

± 
52

.1
7

 2
46

.6
4

 
BK

 <
 C

A 
(1

3.
95

)
BK

 <
 EA

 (1
6.

42
)

BK
 <

 S
A 

(1
1.

79
)

AL
T,

 a
la

ni
ne

 a
m

in
ot

ra
ns

fe
ra

se
; C

3,
 co

m
pl

em
en

t C
3;

 C
4,

 co
m

pl
em

en
t C

4;
 B

K,
 B

la
ck

; C
A,

 C
au

ca
si

an
; E

A,
 E

as
t A

si
an

; F
, f

em
al

e;
 FS

H,
 fo

lli
cl

e-
st

im
ul

at
in

g 
ho

rm
on

e;
 h

s-
CR

P,
 h

ig
h-

se
ns

iti
vi

ty
 

C-
re

ac
tiv

e 
pr

ot
ei

n;
 Ig

A,
 im

m
un

og
lo

bu
lin

 A
; I

gG
, i

m
m

un
og

lo
bu

lin
 G

; I
gM

, i
m

m
un

og
lo

bu
lin

 M
; M

, m
al

e;
 M

 +
 F,

 co
m

bi
ne

d 
m

al
e 

an
d 

fe
m

al
e 

va
lu

es
; N

/A
, n

ot
 a

pp
lic

ab
le

; N
S,

 n
ot

 s
ig

ni
fic

an
t; 

RC
V,

 
re

fe
re

nc
e 

ch
an

ge
 va

lu
e;

 S
A,

 S
ou

th
 A

si
an

; S
D,

 s
ta

nd
ar

d 
de

vi
at

io
n;

 S
HB

G,
 s

ex
 h

or
m

on
e-

bi
nd

in
g 

gl
ob

ul
in

. M
ea

n 
an

d 
SD

 w
er

e 
ca

lc
ul

at
ed

 w
ith

ou
t a

dj
us

tin
g 

fo
r a

ge
 fo

r a
ll 

bi
om

ar
ke

rs
. S

ta
tis

tic
al

 
te

st
s 

w
er

e 
co

nd
uc

te
d 

an
d 

ag
e-

ad
ju

st
ed

 m
ea

ns
 w

er
e 

ca
lc

ul
at

ed
 if

 th
e 

bi
om

ar
ke

r d
em

on
st

ra
te

d 
ag

e 
di

ffe
re

nc
es

 in
 p

re
vi

ou
s 

CA
LI

PE
R 

st
ud

ie
s 

[3
–5

]. 
St

at
is

tic
al

ly
 s

ig
ni

fic
an

t d
iff

er
en

ce
s 

re
fe

r t
o 

AN
CO

VA
 o

r A
NO

VA
 p

-v
al

ue
s <

 0
.0

5.
 Th

er
e 

w
as

 n
o 

si
gn

ifi
ca

nt
 in

te
ra

ct
io

n 
be

tw
ee

n 
th

e 
co

va
ria

te
 (i

.e
. a

ge
) a

nd
 fa

ct
or

s 
(i.

e.
 s

ex
 a

nd
 e

th
ni

ci
ty

) f
or

 a
ny

 o
f t

he
 b

io
m

ar
ke

rs
; t

hu
s,

 m
ul

tip
le

 re
gr

es
si

on
 

w
as

 n
ev

er
 p

er
fo

rm
ed

 (s
ee

 S
up

pl
em

en
ta

ry
 Fi

gu
re

 2
). 

Va
lu

es
 a

re
 re

po
rte

d 
in

 co
nv

en
tio

na
l u

ni
ts

 in
 S

up
pl

em
en

ta
ry

 Ta
bl

e 
4.

Ta
bl

e 
1 

(c
on

tin
ue

d)



614      Tahmasebi et al.: Influence of ethnicity on biochemical markers of health and disease

include higher skeletal resistance to PTH and lower renal 
calcium excretion, explaining their higher bone quality 
and lower bone fracture rate compared to Caucasians [2]. 
Additionally, genetic differences in vitamin D-binding 
protein (e.g. rs7041 gene) between Caucasians and Blacks 

have been found to influence its avidity for 25(OH) vitamin 
D and, despite lower total 25(OH) vitamin D levels, result 
in higher bioavailability in Blacks [20].

With the exception of 13- to <19-year upper limit, East 
Asian males exhibited higher FSH levels compared to 

Table 2: Ethnic-specific reference intervals in SI units for the four major Canadian ethnic groups partitioned further by age and sex.

Biomarker name   Ethnic partition   Age/sex 
partition

  Lower 
limit

  Upper 
limit

  Number of 
samples

  Lower limit 90% 
confidence interval

  Upper limit 90% 
confidence interval

25(OH) vitamin 
D, nmol/L

  CA   5 to <19 MF   40   127   139  35–44   106–138
  EA   5 to <9 MFa   40   97   30  N/A   N/A

  9 to <15 MF   27   84   82  22–31   80–89
  15 to <19 MF   25   71   52  22–28   66–76

  BK + SA   5 to <9 MF   30   86   50  26–34   81–93
  9 to <14 M   23   80   38  N/A   N/A
  9 to <14 F   14   74   44  10–18   67–81
  14 to <19 MF   13   67   125  12–19   62–78

Amylase, U/L   BK   5 to <19 MF   39   135   122  33–45   120–144
  EA + SA   40   126   246  37–41   120–147
  CA   5 to <19 M   33   96   59  28–37   90–103

  5 to <19 F   27   82   61  22–31   76–87
Ferritin, pmol/L   EA   5 to <14 M   34   275   73  28–42   246–304

  14 to <16 M   86   415   39  N/A   N/A
  16 to <19 M   54   451   47  36–75   404–504

  CA + SA + BK   5 to <16 M   24   193   172  21–33   154–201
  16 to <19 M   27   299   57  19–38   268–336

FSH, IU/L   EA   5 to <10 M   0.4   3.2   29  N/A   N/A
  10 to <13 M   0.8   5.3   32  N/A   N/A
  13 to <19 M   1.3   5.7   68  1.1–1.6   5.3–6.2

  CA + SA + BK   5 to <10 M   0.1   1.7   60  0.1–0.1   1.4–2.0
  10 to <13 M   0.3   4.3   51  0.2–0.5   3.7–5.0
  13 to <19 M   1.1   6.2   120  1.0–1.1   5.2–6.6

IgA, g/L   EA + SA   5 to <14 MF   0.8   2.7   127  0.7–1.0   2.5–3.0
  14 to <19 MF   0.9   3.6   118  0.8–1.0   3.4–3.8

  BK + CA   5 to <14 MF   0.6   2.2   123  0.4–0.7   2.0–2.3
  14 to <19 MF   0.8   3.2   121  0.7–1.0   2.8–3.9

IgG, g/L   BK   5 to <19 MF   9.3   18.7   142  8.8–9.8   16.9–20.0
  EA + SA   5 to <12 MF   6.9   14.9   92  6.5–7.4   14.3–15.5

  12 to <19 MF   8.7   17.3   153  8.3–9.2   16.2–19.1
  CA   5 to <10 MF   7.3   11.2   42  6.9–7.6   10.7–11.6

  10 to <19 MF   7.3   14.6   85  6.9–7.7   14.0–15.3
IgM, g/L   EA   5 to <19 Mb   0.5   2.0   56  0.4–0.6   1.8–2.2

  BK + CA + SA   0.4   1.8   175  0.4–0.5   1.7–1.9
  EA  

5 to <19 Fc

  0.7   2.8   66  0.6–0.8   2.5–3.0
  SA   0.6   2.2   62  0.6–0.7   2.0–2.4
  CA + BK   0.5   2.2   133  0.4–0.6   1.8–2.5

To calculate ethnic-specific RIs, reference value data were gathered from the prospective analysis, analysis of new CALIPER samples, as 
well as the retrospective analysis for ferritin and FSH, due to the analytical similarity of these two assays over time. The “ + ” sign indicates 
ethnicities being combined together within a single ethnic partition due to the similarity of their values. BK, Black; CA, Caucasian; EA, East 
Asian; F, female partition; FSH, follicle-stimulating hormone; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; M, 
male partition; MF, combined male and female partition (i.e. no sex difference), and SA, South Asian. For partitions with sample sizes <40, 
minimum and maximum values were selected for lower and upper limits, respectively, and confidence intervals were not calculated. Values 
are reported in conventional units in Supplementary Table 6. aSex difference was indicated, but sex-specific reference interval was not 
calculated due to insufficient sample size. bAge difference was found between East Asian values below and above the age of 13 years, but 
age partitioning was not possible due to insufficient sample size. cAge difference was found between South Asian values below and above 
the age of 11 years, but age partitioning was not possible due to insufficient sample size.
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males of other ethnicities in our study. Similarly, Wang 
et al. reported higher adult FSH levels in Asian men com-
pared to Caucasian men [7]. This difference may result 
from slight ethnic variation in the hypothalamic-pitui-
tary-gonadal axis. Lower East Asian testicular volume 
(i.e. lower number of Sertoli cells) results in reduced 
inhibin levels compared to Caucasians [7, 8]. As inhibin 
suppresses FSH synthesis in the anterior pituitary [21], 
reduced levels may explain higher FSH levels in East 
Asians compared to other ethnicities, highlighting the 
importance of ethnic-specific FSH RIs. Furthermore, com-
pared to our findings, other studies reported higher FSH 
reference limits in East Asians. Ichihara et  al. reported 
adult East Asian and South East Asian FSH RI as 2–14 IU/L 
[12]. Yu et al. calculated FSH RIs as 1.4–8.9 IU/L and 1.3–
9.1 IU/L using parametric and nonparametric methods, 
respectively, for Chinese adult men [22]. Interestingly, Yu 
et al. also reported increasing FSH reference limits with 
age in adults. In addition to potential analytical and envi-
ronmental differences, age-dependent increases in FSH 
levels may explain the higher FSH reference limits in the 
two adult studies compared to those established in the 
current pediatric study.

Previous pediatric and adult studies reported similar 
ethnic differences for amylase (i.e. lower in Caucasians and 
higher in Blacks than in Asians) [3, 6], ferritin (i.e. higher 
in East Asians than in Caucasians and South Asians) [4, 
23, 24], and IgG (i.e. lower in Caucasians than in Asians 
and Blacks) [3, 25]. Conversely, inconsistent findings have 
been reported for some biomarkers, including IgA and 
IgM, particularly between Blacks and Caucasians [26, 27, 
25]. Additional studies are needed to confirm the ethnic 
differences observed in the current study, and identify the 
underlying genetic and/or environmental factors respon-
sible for these differences.

Our findings highlight the need for careful exami-
nation of the influence of ethnicity on pediatric RIs for 
various disease biomarkers to identify those of clinical 
relevance. If ethnic differences are not considered during 
clinical evaluation of laboratory results, this could result 
in patient error. For instance, a pediatric East Asian male 
who presents with a ferritin level within the Caucasian 
RI, but below the lower reference limit of the East Asian 
RI, might have his iron deficiency status go unnoticed for 
years if outdated RIs (i.e. generally calculated based on 
Caucasians) are used. Alternatively, if his ferritin level is 
above the Caucasian upper reference limit, but within the 
East Asian RI, the outdated RI might incorrectly suggest 
hemochromatosis. This may result in unnecessary treat-
ments, psychological distress, and financial costs. Thus, 
the clinical implementation of ethnic differences and 

ethnic-specific RIs could contribute to physical, psycho-
logical, and social benefits to patients and their families.

Data presented in the CALIPER cohort indicate 
that the majority of routine biomarkers (i.e. 45 out of 52 
[86.5%]) are not strongly influenced by ethnicity to the 
extent that could alter clinical decision-making. While 
these data consisted of the four major ethnic groups in 
Canada, these groups also represent the largest ethnic 
populations around the world. Thus, we postulate that 
due to the lack of ethnic differences among these diverse 
ethnic groups, ethnicity may not be a major covariate for 
the majority of biomarkers. Although there are difficul-
ties in the adoption of multi-covariate RIs for all tests in 
the laboratory information system, our finding that only a 
minority of biomarkers require ethnic-specific RIs would 
allow for a relatively easier implementation of ethnic-
specific RIs. Furthermore, knowledge of the biomarkers 
that do not show ethnic differences would result in a more 
efficient clinical assessment of laboratory results, as clini-
cians do not need to consider ethnicity as a factor.

Regardless of the strengths of the current study, there 
are also certain limitations. Firstly, due to the lack of RCVs 
established for some Abbott assays (e.g. FSH), RCVs estab-
lished on other analytical platforms (e.g. Siemens Dimen-
sion Vista) were used. Due to the limited sample size, 
results were neither assessed nor adjusted for various 
environmental factors (e.g. seasonal differences in 25(OH) 
vitamin D levels). Furthermore, CALIPER does not collect 
information on socioeconomic factors, which have been 
reported to contribute to observed ethnic differences in 
some biomarkers. For example, eosinophil counts have 
been reported to be higher in Blacks relative to Caucasians; 
however, these ethnic-specific differences were not deter-
mined in Blacks and Caucasians living in the same area 
[2]. The inclusion of socioeconomic and regional factors 
in study analysis has the potential to distinguish socioeco-
nomic and/or environmental from genetic causes of ethnic 
differences and provide further insight into whether these 
differences are solely due to ethnicity. Lastly, although 
RCVs were used to assess the clinical relevance of ethnic 
differences, this is only one approach to check clinical 
applicability. Further large-scale multi-center longitudi-
nal outcome studies are required. Such studies can verify 
the clinical applicability of our findings and determine 
the underlying physiological reasons behind the observed 
ethnic differences. Ideally, each country or region should 
determine population concentrations and assess poten-
tial ethnic differences within their own populations.

In summary, seven biomarkers showed substantial 
ethnic differences in the current study, requiring ethnic 
stratification for their RIs. The majority of assays examined 
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in our CALIPER cohort did not show appreciable differ-
ences between the four major ethnic groups examined. 
These findings will allow for a more accurate and efficient 
laboratory test interpretation and clinical decision-mak-
ing, thus contributing to the advancement of the quality 
of pediatric patient care. Further studies are needed to 
substantiate these findings in larger cohorts, and in other 
ethnic populations, including those of mixed ethnicities.
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