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Abstract

Objectives

A multicenter study was organized to explore sources of variation (SVs) of reference values (RVs) for 24
major immunochemistry analytes and to determine reference intervals (RIs) for the Russian population.
Methods

According to IFCC Committee on Reference Intervals and Decision Limits (C-RIDL) protocol, 793 healthy
volunteers were recruited in St. Petersburg, Moscow, and Yekaterinburg. Serum samples were tested for
five tumor markers, 19 hormones and related tests by Beckman Coulter’s UniCel DxI 800
immunochemistry analyzer. SVs were explored using multiple regression analysis and ANOVA. Standard
deviation ratio (SDR) of 0.4 was used as primary guide for partitioning RIs by gender and age.

Results

SDR for between-city difference was <0.4 for all analytes. Secondary exclusion of individuals was done
under the following conditions: for female sex-hormones, those with contraceptives (8%); for CA19-9,
those supposed to have negative Lewis blood-group (10.5%); for insulin, those with BMI>28 kg/m?
(29.9%); for the thyroid panel, those with anti-thyroid antibodies (10.3% in males; 24.5% in females).
Gender-specific RIs were required for all analytes except CA19-9, CA15-3, thyroid-related tests,
parathyroid hormone, and insulin. Age-specific RIs were required for a-fetoprotein and all sex-hormones
except testosterone. RIs were generally derived by parametric method after Gaussian transformation using
modified Box-Cox formula. Exceptions were growth hormone, estradiol, and progesterone, for which

nonparametric method was required due to bimodal distribution and/or insufficient detection limit.

Conclusion
RIs for major hormones and tumor markers specific for the Russian population were derived based on the

up-to-date internationally harmonized protocol by careful consideration of analyte-specific SVs.
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Non-standard Abbreviations

2N-ANOVA: two-level-nested ANOVA

3N-ANOVA: three-level-nested ANOVA

AACE: American Association of Clinical

Endocrinologists

AFP: a-fetoprotein

AIT: autoimmune thyroiditis

BC: Beckman Coulter

BMI: body mass index

CA15-3: carbohydrate antigen 15-3

CA125: carbohydrate antigen 125

CA19-9: carbohydrate antigen 19-9

CDL: clinical decision limit

CEA: carcinoembryonic antigen

CI: confidence interval

CLSI: Clinical and Laboratory Standards
Institute

C-RIDL — Committee on Reference

Intervals and Decision Limits

CV: coefficient of variation

EAU: European Association of Urologists

E2: estradiol

EtOH: alcohol consumption

F: female

FSH: follicle-stimulating hormone

FT3: free triiodothyronine

FT4: free thyroxin

GH: growth hormone

OT: oral contraceptives

LH: luteinizing hormone

LL: lower limit

NP: non-parametric

M: male

Me: median

MP: menopause

MRA: multiple regression analysis

NACB: National Academy of Clinical
Biochemistry

P: parametric

PRL: prolactin

Prog: progesterone

PSA: prostate-specific antigen

PTH: intact parathyroid hormone

RI: reference interval

1,: standardized partial regression coefficient

Smk: smoking cigarettes

RV: reference values

SD: standard deviation

SDR: standard deviation ratio

SHBG: sex hormone globulin binding

SV: sources of variations

TBhCG: total beta human chorionic gonadotropin

Testo: testosterone

TgAb: anti-thyroglobulin antibody

TPOADb: anti-thyroperoxidase antibody

TSH: thyroid-stimulating hormone

TT3: total triiodothyronine

TT4: total thyroxin
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Introduction

Each clinical laboratory is expected to establish its own reference intervals (RIs) as recommended in
the IFCC/CLSI guideline (C28-A3) [1], but most laboratories in Russia use RIs provided by the reagent
manufacturers. They may not match to the Russian population due to a variety of population-specific

factors.

Therefore, we joined the global multicenter study on reference value (RVs) coordinated by the [FCC
Committee on Reference Intervals and Decision Limits (C-RIDL) in 2013. 793 healthy volunteers (371
men, 422 women) were recruited from three major cities: Sankt-Petersburg, Moscow, and Yekaterinburg
according to the C-RIDL protocol [2]. We reported the biological features of Russian RVs for 34
commonly tested chemistry analytes [3]. RIs of each analyte for Russians were determined by use of up-
to-date methods proposed by C-RIDL with careful considerations of sex, age, and BMI-related changes in
RVs of each analyte. The traceability of RIs were ensured by use of a value-assigned serum panel
measured in common. As a result, we revealed that the derived RIs for most chemistry analytes differed
greatly from those shown in the reagent inserts, which underlined the importance of determining country-

specific Rls for all the laboratory analytes.

Unlike reports on Rls for chemistry analytes, there are not many reports of well-designed studies
conducted for establishing RIs for immunoassay analytes. The only comprehensible report available is the
IFCC Asian study conducted in 2008~9 involving 3,500 healthy volunteers [4]. The study revealed clear
between-country differences for parathyroid hormone (PTH), adiponectin, folate, and vitamin B12
(VB12), but none for other analytes including most of commonly tested tumor markers and reproductive
hormones. Another one is a Saudi Arabia study, conducted as a part of IFCC global multicenter study,
where 826 apparently healthy individuals were recruited and RIs for 20 immunoassay analytes including
five tumor markers, 12 hormones and three vitamins were derived [5]. There are other RI studies,
targeting a smaller number of analytes, such as tumor markers [6,7] and thyroid hormones [8-9]. Besides,
no comprehensible analyses of biological sources of variations have been performed so far except for a
recent report from a Chinese group collaborating in the C-RIDL’ global study, which established Rls for
eight male sex hormone-related analytes and seven thyroid hormones and made comprehensible analyses

of their SVs [10,11].

In this second part of our RI study, we targeted 24 major immunoassay analytes. They include five
tumor markers, eight reproductive hormones and related tests, seven thyroid function tests, and four other
hormones. By use of the same statistical analyses, for the first part, we tried to establish the Rls specific to

the Russian population in careful consideration of SVs of each analyte.
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Materials and Methods

1) Source data and target analytes

The scheme used for recruitment, sampling, and measurements was described in the first part of our
report, which dealt with RIs and sources of variation of chemistry analytes [3]. In brief, 793 healthy
volunteers (371 men, 422 women) of 18—65 year olds were recruited from three regions: Sankt-Petersburg
(North-West region: N=523, 66%), Moscow (Central region: N=133, 16.8%) and Yekaterinburg (Ural
region: N=137, 17.2%). They were chosen according to inclusion and exclusion criteria stipulated in the
C-RIDL protocol, and blood samples were drawn at basal conditions [2]. Part 2 of the report deals with
RVs evaluated for a total of 24 analytes measured by immunoassays: carcinoembryonic antigen (CEA), a-
fetoprotein (AFP), CA19-9, CA125, CA15-3, insulin, cortisol, testosterone (Testo), sex hormone-binding
globulin (SHBQG), estradiol, progesterone (Prog), luteinizing hormone (LH), follicle stimulating hormone
(FSH), total beta human chorionic gonadotropin (TBhCG), prolactin (PRL), growth hormone (GH),
thyroid stimulating hormone (TSH), free thyroxine (FT4), free triiodothyronine (FT3), total thyroxine
(TT4), total tritodothyronine (TT3), anti-thyroid peroxidase antibody (TPOAD), anti-thyroglobulin
antibody (TgAb) and parathyroid hormone (PTH). All were measured by using the UniCel DxI 800
immunochemistry analyzer (Beckman Coulter Inc., USA) according to manufacturer’s assay instructions
and requirements. For TSH and TBhCG, after completion of the measurements, the new assays became

available, and thus they were tested again using serum aliquots kept stocked at -80°C.

2) Quality Control

Quality control was performed in two ways. One was through twice daily measurement of 2 or 3
levels of QC specimens obtained from Beckman Coulter Inc. and Bio-Rad Laboratories, Inc. The other
was through daily measurement of a mini panel composed of six sera from healthy volunteers (3 women
and 3 men) as described in the common protocol. Based on repeated mini panel measurements, between-
day coefficient of variation (CV) was calculated for each analyte. The CV of any analyte did not exceed
the allowable limit based on the criterion described in the protocol (i.e., %2 of CV; : within individual CV,
presented in the Westgard website). Additionally, as a part of the study aiming at worldwide comparison
of RVs, the panel of 40 sera for immunoassays provided by C-RIDL were measured in four batches over

a period of four days.

3) Statistical procedures
Data analyses and statistical methods used were those recommended in the C-RIDL protocol

[2,12,13]. Details are descried in Part 1 of our report [3].
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3-1) Analyses for biological sources of variations

The multiple regression analysis (MRA) was performed by setting RVs of each analyte as object
variable and following factors as explanatory variables: sex, age, body mass index (BMI), the levels (see
below) of cigarette smoking, alcohol consumption and regular physical exercise [14]. Standardized
partial regression coefficient (r,), which corresponds to the partial correlation coefficient. In reference to
the Cohen’s guide [15] of “effect size” for correlation coefficient (r): r=0.1 (small) and r=0.3 (medium),
as a middle point, |0.2| <r, was interpreted as a practically significant factor influencing the reference
values. The levels of smoking, alcohol consumption and physical exercises were classified into 3, 5 and 8
categories, respectively, using the following criteria: none, <20, > 20 cigarettes/day; none, <12.5, 12.5-25,

25-50, >50 g ethanol/day; none, 1-7 days/week.

3-2) Criteria for partitioning RVs

By use of 3-level nested ANOVA, between-sex, between-age, between-city, and between-individual
variations were computed each as standard deviation (SD): SDsex, SDage, SDcity, and SDbtw-indiv
(=SDg by common notation). Relative magnitude of each SD to the SDg was calculated as SD ratio
(SDR): SDRyy, SDR,, and SDR;,. After absence of between-city differences was confirmed by the
criterion described below, SDRage specific for each sex was calculated by one-way ANOVA. As an
additional analysis for analytes with obvious BMI-related changes, SDR for BMI (SDRbmi) was

computed for each sex by two-level nested ANOVA with age set as a covariate.

The need for partition of RVs was considered by setting SDR>0.4 as a primary guide [2]. However,
SDR may be too sensitive when the width of RI that constitutes the denominator of SDR is narrow.
Conversely, SDR may be insensitive when between-subgroup differences occur only at the periphery of
distribution (LL or UL) because SDR represents between-subgroup bias at the center of the distributions.
Therefore, we additionally considered actual difference (bias) at LL or UL as “bias ratio” (BR) using the

following formula illustrated for a case of gender difference:

|LL p— LLp| |UL y— ULg|
(ULyr — LLyr)/3.92 > BRUL " (ULyr — LLyr)/3.92

BR. =

where subscript M, F, and MF represent male, female, and male+female, respectively.

In accordance with the convention of allowable bias specification of a minimum level: 0.375 x SDg (=SDgy)
[16], we regard BRy;>0.375 as an auxiliary threshold for partitioning RVs when SDR does not match to

actual between-subgroup difference at ULs (or LLs).

In performing MRA and ANOVA, RVs of analytes that exhibited highly skewed distributions were

transformed logarithmically. The corresponding analytes were marked in Table 1. In that case, SDRs
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were computed by reverse transformation of each SD component that was calculated under the

transformed scale as described elsewhere [17].

3-3) Derivation of reference intervals

RIs were derived by both parametric and nonparametric methods. The former was performed after
normalizing data by use of the modified Box-Cox power transformation formula [18]. The validity of the
parametric method was confirmed by the linearly of cumulative distribution of RVs on probability paper
plot [13] and by the Kolmogorov-Smirnov test. If the transformation failed, the non-parametric method
was used. The 90% confidence interval (CI) of the lower limit (LL) and upper limit (UL) of RI was
calculated by the bootstrap method through random resampling of the same dataset 50 times.
Accordingly, the final LL and UL of RI both by parametric and nonparametric methods was chosen as the

average of iteratively derived LLs and ULs.

Results

1. Sources of variation of RVs

SVs of each analyte were evaluated by MRA and ANOVA as described in the part 1 of this report [3] and
respective results are listed in Table 1 and 2. In the following sections, the findings of 24 laboratory
parameters were divided into four groups according to their categories: tumor markers (AFP, CEA,
CA19-9, CA125, CA15-3), the reproductive panel (PRL, LH, FSH, TPhCG, estradiol, progesterone,
testosterone and SHBG), thyroid function tests (TSH, FT4, FT3, TT4, TT3, TPOAb and TgAb), and
miscellaneous ones (insulin, cortisol, GH and PTH). No apparent between-city differences (SDRcity)
were observed for any analyte with the highest SDR;, 0of 0.21 observed for TSH (data omitted).

Therefore, all the data from the three cities were merged in the subsequent analyses.

1-1. Tumor markers

Sex-related changes with SDRsex>0.4 were not observed in any tumor marker as shown in Table 2.
However, by close look at Suppl. Fig. 1 for sex- and age-related changes, RVs of CA125 in females are
appreciably higher than males until 50 years of age, but lower thereafter with SDRage of 0.35. This
unmatched age-related change between the two sexes led to spuriously low SDRsex of 0.25 for CA125.
While [BR| for between-sex difference is well above 0.375. Therefore, we chose to partition RVs by sex
for CA125.

Based on |r,[>0.2 considered as a practically significant level of association (Table 1), age-related

changes in RVs were observed for the following analytes with their r, shown in the parenthesis: in
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males, CA19-9 (0.35), and CA15-3 (0.20); in females, AFP (0.33), CA125 (-0.32), CEA (0.30) and CA15-3

(0.22) in the descending order of |r,|.

Table 1 Results of multiple regression analysis for sources of variations of RVs

log Male Female
scale| n R age BMI ExerLvl SmkLvl DrkLvl n R age BMI ExerLvl SmkLvl DrkLvl

AFP | O | 339] o026 0.18 0.06 -0.14 .0.05 0.07| 396] 0.38 33 0.06 0,07 0.02 20.02
CEA | O | 339] 035 0.19 0.13 0.09 27 0.02| 396 0.36 0.30 0.04 0.04 0.20 0.03
ca99 | O | 303 o03s]  Fdss -0.03 -0.05 20.02 -0.01| 350] 0.1 0.02 -0.01 0.05 -0.08 0.06
ca1s | O | 338 019 0.02 0.18 0.00 0.00 -0.02| 386 0.33 0.32 0.06 -0.03 0.12 0.01
cAa153 | O | 339 0.26 0.20 0.13 -0.05 -0.03 -0.06| 395 0.2 0.22 0.08 0.00 20,02 0.12
PRL | O | 338] 021 -0.09 0.07 -0.07 L0.12 -0.10] 365 0.50] | | -0.44 .0.05 -0.04 .0.15 0.13
tH | o 338 02 27 0.16 0.06 -0.04 0.05| 364] 0.6 0.56 -0.01 0.04 -0.02 0.01
FsH | O | 338) 04s] [ oke 0.04 .0.03 .0.03 -0.03 366 0.81 0.82 .0.03 0.01 0.02 0.00
TBHCG | O 334 0.67 0.62 0.09 0.07 0.05 L0.01
Estadiol | O | 338] o.11] | -0.04 0.03 -0.08 -0.09 0.00| 366] 0.62 -0.64 0.04 -0.01 -0.06 -0.02
Pog | O | 338 036 [§ -0.24 0.19 011 -0.06 -0.05| 366| 0.51 -0.46 20.09 0.06 0.05 0.00
Testo | O | 33| os4] [} 013 -0.48 0.06 0.07 -0.05| 369 0.49 [: -0.53 0.14 0.02 0.00 0.03
suBG | O | 292] 057  Fouz| W 045 0.11 0.19 -0.01

TsH | O | 305 o0.09 .0.03 -0.05 0.04 .0.03 0.01| 205 0.22 0.00 0.04 -0.01 -0.22 0.08
FT4 303 0.18 .0.08 -0.09 -0.02 .0.05 0.09] 292 o0.11 0.06 -0.07 -0.01 0.07 0.05
FT3 302 027 -0.21 0.18 -0.06 0.06 -0.06| 204 0.15 0.13 0.14 -0.04 -0.01 0.03
TT4 282| 0.15 0.06 0.08 -0.09 0.01 0.00| 282| 0.17 -0.05 0.18 0.04 -0.05 0.02
T3 281 023 L0.12 0.13 L0.11 0.06 -0.09] 281 0.1 021 | onn 0.06 20,02 20.10
TPOAb | O | 304 0.10 .0.03 0.06 0.06 -0.02 0.05| 203 0.12 .0.03 0.00 0.03 -0.08 -0.07
msulin | O | 338] 0.67 -0.15 0.66 -0.15 -0.10 -0.02| 395| 0.59 20,09 61 20,04 -0.05 20.08
Cortisol 339 0.26 L0.18 0.12 0.1 .0.08 0.04| 396] 0.26 004/ I -0 0.1 -0.09 -0.01
GH | O 339 038 31 -0.24 0.15 0.0 0.1 396] 0.36 0.12 -0.38 0.06 0.04 0.03
pri | O | 340 03] | o 0.20 .0.05 0.00 0.02| 396 0.38 0.17 0.24 0.02 -0.08 .0.08

This female dominant age-related change of AFP and CA125 was clearly seen in Fig 1 and Suppl.
Fig 1, respectively. However, the magnitude of age-related changes in terms of SDRage was all slightly

below 0.4 except that of AFP in females (0.49).

As a SV other than sex and age, smoking habit-related changes in RVs was noted by MRA in CEA
as shown in Fig 2. Another important factor as a SV was the Lewis blood group-related change in CA19-
9. Although we have not confirmed it by actual analysis of the blood type, Supp. Fig 1 clearly showed a
distinct cluster of data points below the detection limit of 0.8 KIU/L. Assuming them as representing
Lewis negative individuals in Russia, its prevalence among healthy individuals are 10.5% (36/341) in
males and 11.3% (45/396) in females. With these observations, we derived Rls for CEA after excluding
individuals with smoking habits, and for CA19-9 after excluding individuals with values below the

detection limit.
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Table 2 List of SDRs representing between-subgroup variations by sex, age, and BMI

Analyte | SDRsex |SDRage M| SDRage F | SDRgyi M| SDRgy; F
AFP 0.00 0.29 0.49
CEA 0.23 0.19 0.36
Tumor
markers | CA19-9 0.19 0.36 0.08
CAI25 0.25 0.20 0.36
CAIl5-3 0.18 021 0.29
PRL 0.23 0.16 0.57
LH 1.40 0.39 0.88
FSH 1.21 0.52 2.10
reproduc. TBhCG 115
horomones | gy, djol 0.16 0.07 0.98
Prog 0.28 0.43 0.63
Testo 5.28 0.18 0.47 0.65 0.00
SHBG 0.54 0.35
TSH 0.00 0.17 0.00
FT4 0.07 0.10 0.00
Thyroid FT3 0.45 0.16 0.00
function tests | 174 0.14 0.00 0.00
TT3 0.03 0.00 0.16
TPOAb 0.00 0.00 0.08
Insulin 0.06 0.00 0.16 0.91 0.82
Other Cortisol 0.22 0.28 0.19
horomones | Gy 1.27 023 0.14 0.08 0.31
PTH 0.00 0.36 0.33

Fig. 1: Sex and age-related changes in RVs of 11 representative analytes

RVs of 11 representative analytes are shown subgrouped by sex and age (<30, 30-39, 40-49, 50< years).
The box in each scattergram represents central 50% range and the vertical bar in the middle represents
median RVs. On top of each panel, the magnitudes of between-sex and between-age variations are shown
as SDRsex and SDRage derived separately for males (M) and females (F). No secondary exclusion was
performed in plotting data. For GH, testosterone, and SHBG (marked by *), values of individuals with
BMI> 28 kg/m? was excluded to avoid confounding of BMI on age-related changes.

Fig. 2: Association of BMI or smoking habit with RVs of selected analytes

RVs of 4 analytes found associated with BMI by multiple regression analysis are shown subgrouped by
sex and BMI (<20, 20~24, 24~28, 28~32, <32 kg/m?). In addition, RVs of CEA was partitioned by sex
and the status of smoking habit. The box in each scattergram represents central 50% range and the vertical
bar in the middle represents a median point. The magnitude of between-subgroup variation is shown on
top of each panel as SDR due to BMI (SDRgyy) or as SDR due to smoking habit (SDRsmk), computed
separately for males (M) and females (F).
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1-2. Reproductive panel

From Fig. 1 and Suppl. Fig. 1 as well as from Table 1 and 2, prominent sex and age-related
changes were observed in all eight analytes in the reproductive panel. RVs of estradiol and progesterone
in females showed an abrupt reduction at around 50 years of age (a peak time of menopause) with r, of
—0.64 and —0.46 and SDRage of 0.98 and 0.63, respectively. It is notable that postmenopausal values are
well below those of males. In contrast, RVs of estradiol in males stay unchanged by age, while RVs of
progesterone in males decrease slightly with age (SDRage 0.43). For testosterone, between-sex difference
is very prominent with female testosterone levels approximately 1/10™ of those of males. Interestingly,
age-related reduction of testosterone is more prominent in females. It was shown that testosterone RVs in
males were affected by BMI, but not by age (r,: —0.48 and —0.13, respectively). On the contrary, RVs in
females were affected by age, but not by BMI (r,: —0.53 and 0.14, respectively). It was confirmed by a
change of SDR after exclusion of patients with BMI>28, SDRage was 0.47 in females and 0.18 in males
(Fig. 1, Suppl. Fig. 1).

In females, LH, FSH, and TBhCG showed an abrupt surge after menopause with SDRage of 0.88,
2.10, and 1.15, and with 1, 0of 0.56, 0.82, and 0.62, respectively. On the other hand, in males, the age-
related elevation of LH and FSH are slight and gradual with SDRage of 0.39 and 0.52, respectively. For
PRL, the reduction by age is shown only in females with SDRage of 0.57.

From these observations and using a criterion of SDRage>0.40, in females, partition of RVs by the
status of menopause as self-reported in the questionnaire was essential for PRL, LH, FSH, TBhCG,
estradiol, progesterone, and testosterone. For the age-related changes of FSH and progesterone in males,
as a boundary value for partition, we chose 45 years of age, as roughly representing a mid-point of

changes in RVs with age.

Regarding BMI-related changes of the reproductive panel, in addition to testosterone, SHBG of
males showed high association with r, (SDRgy;) of —0.45 (0.35) (Table 1 and 2). The trend is clearly

shown in Fig 2. For the two analytes, we examined the effect of excluding individuals with BMI>28 on

their RIs (see below).

1-3. Thyroid function tests

In the analyses of thyroid function tests, we first identified cases with subclinical autoimmune
thyroiditis (AIT) by use of the criteria of TgAb>4 KIU/L or TPOAb>9 KIU/L, which are provided in the
kit inserts. Prior to deriving Rls, we found the cutoff values were appropriate as a proximal point of
tailing values in the distributions in Suppl. Fig 1 (in the last two panels). The prevalence of individuals

exceeding either of the cutoff values was 10.3% (36/350) in males and 24.5% (100/408) in females. The
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comparison of five thyroid function test results between individuals with and without the autoantibodies
are shown in Fig 3. It is apparent that only RVs of TSH differed between the two groups with SDR of
0.58 (male) and 0.48 (female) for the status of AIT. With the results, in the subsequent analyses including
derivation of Rls for all the thyroid function tests, we excluded individuals judged as AIT as well as those

under thyroxine replacement therapy.

Fig. 3: Influence of autoimmune thyroiditis on thyroid function tests

A presumptive diagnosis of autoimmune thyroiditis (AIT) was made by the criterion of either
TPOADB>9 or TgAb>4 KIU/L. Thyroid function test results were compared between individuals
with and without AIT. The difference of two-group centers was expressed as SDR for the status of
AIT (SDRyrr), computed separately for males (M) and females (F).

By MRA, age-related reduction in RVs were observed for FT3 (r,=—0.21 in males), and TT3 (-0.21
in females). While, SDRage was only 0.16 for both tests. Therefore, we chose not to partition RVs by age
for any of the thyroid function tests. In fact, Suppl. Fig 1 showed that age-related changes in RVs of FT3

and TT3 were not conspicuous.

As for sex-related change, it was observed only in FT3 with SDR, of 0.45 (values higher in males)
(Table 2).

1-4. Miscellaneous hormones

MRA revealed a conspicuous BMI-related increase of insulin and moderate decrease of GH with r,
of 0.66 and —0.24, respectively, in males, and 0.61 and —0.38 in females. These trends are clearly seen in
Fig. 2., but in terms of SDRgy;, only that of insulin showed high values of 0.91 (males) and 0.82
(females) in Table 2. Therefore, we examined the effect of excluding individuals with high BMI as

described below in deriving RIs for insulin and GH.

For age-related changes, RVs for GH and PTH in males showed an increase with age (r, for age:
0.31 and 0.24, respectively) as shown in Table 1. However, in terms of SDRage, that of GH is well below
0.4, apparently indicating age-related increase of GH is counter-balanced by BMI-related reduction of GH

(i.e., BMI increases with age).

2. Derivation of RlIs
According to the scheme for partition or secondary exclusion of RVs described above in details, RIs
for all the 24 parameters were derived and summarized in Table 3. The first column stands for distinction

between parametric (P) method and nonparametric (NP) method for RI derivation, the fourth column for

11


https://doi.org/10.1101/2020.05.26.116269
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.26.116269; this version posted May 26, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Table 3 List of RIs adopted for all analytes with or without partition by sex and age

Partitiong/exclusion 90%CI of LL Reference interval 90%CI of UL
Method | Test Item Unit Sex Age Exclusion n LL-L | LL-H LL Me UL UL-L | UL-H
P M+F <45 420 0.97 1.11 1.0 2.4 7.0 5.79 8.15
AFP ng/L
P M+F 245 307 1.24 1.66 1.5 33 8.7 7.58 9.78
P M All Smoker 238 0.42 0.55 0.48 1.44 3.84 3.36 4.31
P CEA ng/L F <45 Smoker 180 0.27 0.40 0.33 0.95 3.32 2.77 3.86
P F 245 Smoker 151 0.43 0.52 0.47 1.35 5.19 4.02 6.35
P CA19-9 KIU/L | M+F All Extreme low 639 2.0 2.6 23 5.7 293 24.9 33.7
P M All 340 3.6 43 3.9 10.0 27.5 24.4 30.6
CA125 KIU/L
P F All 392 43 5.5 4.9 12.4 38.7 33.0 44.4
P CA15-3 KIU/L | M+F All 728 3.5 4.2 3.8 10.9 21.3 19.9 22.6
P Insulin mlU/L | M+F All BMI>28 503 1.7 22 2.0 4.4 10.5 9.6 11.4
P Cortisol nmol/L | M+F All 736 151 173 162 337 606 588 624
NP M All 341 0.01 0.01 0.01 0.04 2.99 1.47 4.51
GH pg/L
NP F All 396 0.03 0.05 0.04 0.81 7.90 6.82 8.97
P M All 340 32 3.8 3.5 7.5 16.3 14.9 17.7
P PRL ng/L F PreMP | OC, TBhCG 22.9 | 242 3.7 4.9 43 10.8 30.0 24.6 353
P F PostMP 118 2.7 3.5 3.1 6.5 16.1 13.7 18.4
P M All 336 1.16 1.63 1.39 3.17 8.12 7.201  9.029
P LH IU/L F PreMP | OC, TBhCG >2.9 | 241 1.65 2.39 2.02 6.70 42.5 34.6 50.4
P F PostMP 117 4.2 12.6 8.4 28.4 61.1 51.7 70.6
P M <45 203 1.12 1.44 1.28 3.52 9.5 8.2 10.8
P M 245 136 2.10 2.77 2.43 5.20 20.2 14.9 25.4
FSH UL
P F PreMP | OC, TBhCG >2.9 | 237 1.60 2.83 2.22 6.13 27.3 8.9 45.7
P F PostMP 118 12 30 21 73 138 125 150
P F PreMP oC 222 0.07 0.16 0.11 0.54 1.84 1.49 2.20
TBhCG UL
P F PostMP 109 0.56 1.23 0.90 3.04 8.20 7.07 9.33
P M All 339 2 12 7 72 175 162 188
P Estradiol pmol/L F PreMP | OC, TBhCG >2.9 | 245 5 30 17 310 1519 1314 1725
NP F PostMP 118 4.0 4.0 4.0 29 466 210 1224
P M <45 204 0.34 0.54 0.44 2.09 5.28 4.73 5.83
P M 245 135 0.25 0.53 0.39 1.46 4.10 3.21 4.98
Progesterone | nmol/L
NP F PreMP | OC, TBhCG >2.9 | 245 0.13 0.55| 0.34 3.67 54.88 47 62
P F PostMP 116 0.00 0.20| 0.10 0.84 3.36 2.25 4.48
P M All 338 6.5 7.2 6.9 12.3 225 21.4 23.7
P Testosterone | nmol/L F <45 oC 200 0.34 0.58 0.46 1.56 2.96 2.70 3.22
P F 245 OoC 171 0.10 0.29 0.19 1.03 2.17 1.98 2.36
P SHBG nmol/L M All 293 10 13 11 31 74 66 82
P PTH pgL | MHF | All 732 18 20 19 39 74 69 78
P TSH mUL | M+F All AIT 599 0.6 0.7 0.6 1.6 3.8 3.5 4.0
P FT4 pmol/L | M+F All AIT 598 8.1 8.7 8.4 11.1 14.2 14.0 14.5
P M All AIT 220 4.21 4.50 4.35 5.25 6.15 6.00 6.30
FT3 pmol/L
P F All AIT 211 4.04 4.23 4.14 4.88 6.09 5.92 6.27
P TT4 nmol/L | M+F All AIT 567 64 69| 67 93 127 124 131
P TT3 nmol/L | M+F All AIT 561 1.2 13| 13 1.6 2.1 2.0 2.1
AIT = TPOAb>9 or ThgAb>4 KIU/L PreMP = premenopausal PostMP = postmenopausal
Extr low = extremely low OC=oral contraceptives RIs for TBhCG and TSH were derived for new assay reagents.
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The accuracy of Gaussian transformation by use of the modified Box-Cox formula is shown in
Suppl. Fig. 2. In the comparison between P and NP methods, 90% CI of RI limits were almost invariably
narrower and upper limits tended to be higher as was described clearly in the part one of this report (the
data omitted with similar tendencies). Exception for this general rule were encountered in deriving Rls for
five analytes: GH, progesterone of premenopausal females, estradiol of postmenopausal females. Their
RVs failed to attain Gaussian distribution even after power transformation with presence of bimodal
peaks (progesterone, and estradiol) or many values below the detection limits (10% of males for GH).
Therefore, NP method was used for derivation of their RIs. For GH, testosterone and SHBG with BMI-
related changes, the effect of excluding individuals with BMI>28 was found effective in lowering UL of

insulin, but not for the other three.

As described in the Methods, after the completion of data analysis for this study, new assay methods
for TSH and TBhCG became available. Therefore, we re-measured a majority of serum aliquots from the
volunteers stored at —80°C using the new assays after confirming the stability of the analytes. Method
comparison between the old and new reagents was performed using the major-axis linear regression after
logarithmic and square-root transformation for TSH and TBhCG, respectively. The results are as shown in
Suppl. Fig. 3. Accordingly, the final RIs for TSH and HBhCG listed in Table 3, 4 and Suppl Table 1 were

recalibrated to the values of the new reagents by use of the linear equations.

Discussion

In part two of this report on the Russian RI study, we applied a variety of special techniques
required for proper derivation of Rls for a heterogeneous group of immunochemistry tests, consisting of
tumor markers, reproductive hormones, thyroid function tests, and miscellaneous hormones. The most
important consideration was to properly handle abnormal results attributable to various latent conditions
of common occurrence, specific to each analyte. Another important consideration was to carefully explore

sex and age-related variations of their RVs to judge the need for partitioning Rls.

1) Considerations for abnormal results among the healthy volunteers
We encountered several situations which required special procedures to deal with high prevalence of

abnormal results among apparently healthy individuals.

Regarding the influence of nutritional status, RVs of insulin (both sexes), testosterone (male), SHBG
(male), and GH (female) were associated with BMI in that order of strength (Fig 2), as have been reported
in [19], [20-22] and [23], respectively. But only for insulin, we found that restricting individuals with
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BMI>28 kg/m? was effective in reducing the influence of overnutrition. The UL of the RI for insulin
(10.5 mIU/L) became significantly lower than that of the manufacturer (23 mIU/L). It is still lower than
that of the IFCC Asian study (11.8 mIU/L) [4], in which the same immunochemistry analyzer UniCel DxI
800 (Beckman Coulter Inc.) was employed and individuals with BMI>28 were also excluded.

The effect of cigarette smoking on RVs is well known for CEA [24]. We confirmed the
phenomenon as shown in Fig 2. The frequency of individuals with smoking habits was 30% (103/341) in
males and 16% (64/396) in females. Therefore, in derivation of the RI for CEA, we excluded the

individuals with smoking habit.

Influences of oral contraceptives (OC) on reproductive hormones were all negligible for the
derivation of the RIs with the proportion of premenopausal women on OC at 8% (24/274). However,

conforming to the study protocol, we adopted the Rls derived after excluding individuals under OC.

For CA19-9, we observed a cluster of extremely low values among the RVs (Suppl Fig 1). They
obviously represent individuals with Lewis-antigen negative phenotype, who do not express the CA19-9
antigen. According to the literature, at least 5—10% of the population do not secrete a detectable level of
CA19-9 antigen and about 10% in the white population [25]. The prevalence in our cohort was 10.5%
(36/341) in males and 11.3% (45/396) in females.

For thyroid function tests, it is essential to exclude individuals with latent autoimmune thyroiditis.
The prevalence of AIT by the criteria of TPOAb>9 IU/L or TgAb>4 IU/L shown in the kit insert was
10.3% (35/340) in males and 24.5% (96/392) in females among our volunteers (Fig 3). The prevalence
seems somewhat higher compared with those reported by other investigators [26]. The effect of excluding
individuals with AIT by the criteria was prominent for TSH, but not for FT4, FT3, TT4, and TT3 (Fig 3).
The results apparently implied that negative feedback mechanism of pituitary thyroid axis works well to

keep thyroxine and triiodothyronine level at normal level by increased secretion of TSH.

2) Partition of RVs by age and sex

Another important step prior to the calculation of the RIs was to judge the need for partitioning RVs
according to age and sex. Although we adopted SDR>0.4 as its primary guide, we found it necessary to
refer to BR and to visually inspect actual differences. Partition by sex was obviously required in every
respect for all the reproductive hormones, and for GH and FT3. As for CA125, the higher values in
females at reproductive ages are well known [6]. However, the SDRsex was 0.25, but the finding was
apparently confounded by age-related reduction in CA125 in females (Supp Fig 1). Therefore, we had
planned to partition RVs by sex and then by age for females. However, actual bias at LLs and ULs (BR .
and BRy, ) after partition at age 45 in female was less than 0.375, and thus, the RIs for CA125 was just set
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for each sex. Among the thyroid function tests, only FT3 showed a relatively high SDR,, of 0.45 with

lower values in females. It was consistent with the finding reported in the Asian study [4].

Among tumor markers, age-related increases in RVs (SDRage>0.4) was observed in both sexes for
AFP, in males for CA19-9, and in females for CEA and CA15-3, while age-related reduction was
observed for CA125 in females (Supp Fig 1). These findings were consistent with previous reports [6]
and are important in clinical interpretation of their values. Therefore, we partitioned the RVs at age 45 for
AFP and CEA (female). However, for CA125, as described above, and for CA19-9 and CA15-3, the
actual differences at LL or UL (BR and BRyy) after the partition were small, and thus, we did not adopt

age-specific RIs for them.

Among the reproductive hormones, as well known, marked menopause-related increases were
observed for LH, FSH, and TPhCG in females. The increase in LH and FSH was also observed in males,
but less prominent and more gradual in the pattern. The UL of TBhCG for the postmenopausal women
(8.2 IU/L) was comparable to those, provided by manufacturer (10.4 IU/L). The age-related changes in
RIs are not considered for use in the assessment of malignant conditions, although there are reports that
demonstrated clinical utility of hCG in risk assessment of trophoblastic diseases, germ cell tumors, etc.
[27]. At the same time, several publications demonstrated increased hCG level in elderly women, which is
possibly explained by production of hCG by pituitary [28]. With this background, the newly derived UL
for TBhCG is important to reduce false-positive judgment of postmenopausal women in the assessment of

malignant conditions, like choriocarcinoma.

In contrast to those glycoprotein hormones, prominent age-related decrease in RVs (SDRage) was
observed in females for estradiol (0.98), progesterone (0.63), testosterone (0.47), prolactin (0.57), and in
males for FSH (0.52) and progesterone (0.43). A weaker decrease in males was observed for LH (0.39),
testosterone (0.18) and prolactin (0.16), and none for estradiol. The reports on age-related changes in
testosterone in men are mixed: either decrease [29] or unchanged after 40 yo [30]. In our case, no
partition by age was done for males because the difference was slight. The final RI for males of all ages
was close to that provided by the manufacturer for middle-age group (6.87—23.56 nmol/L for 31—44 years
of age).

In males, we observed prominent negative correlation of SHBG with BMI (r, =—0.45) and
prominent positive correlation with age (r, = 0.42). A similar trend was observed for SDRgy; (0.35) and
SDRage (0.54). However, because BMI increases with age, the associations of BMI and age with SHBG
counter-balanced with each other. Therefore, the finale RI for SHBG was not partitioned by age with lack

15


https://doi.org/10.1101/2020.05.26.116269
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.26.116269; this version posted May 26, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

of notable between-age subgroup differences. RIs for SHBG partitioned at 45 years of age differed from

those provided by the manufacturer without partition by age (Table 4, Parts 1 and 2).

Table 4: Comparison of RIs with other studies and manufacturer (Part 1)

Russian study Asian study Chineese studies IFU Beckman Coulter Access reagents
Analytes | Unit | Age | M+F M | F M-+F M F |m+| ™ F | M+F M F
Al 1.1-65 | 1268 | 1.0-6.4 0-9.0
AFP pgl | <45 | 1.0-7.0
245 | 1.5-8.7
All 0.48—3.84 04—4.1 | 04—44 | 0434 0-3.0
CEA pgll | <4s 0.33-3.32
>45 0.47-5.19
CA19-9 | IUmL| Al [23-293 0.8-30.0| 0.8—24.5 | 0.9-333 0-35
CA125 | KIUL| Al 3.9-27.5 | 4.9-38.7 32-162 |42—424 0-35
cAa15—3 [k | an [38-213 40-192| 4.0-18.8 [ 3.9-19.3 0-23.5
Insulin | mUL | Al [2.0-105 1.8—11.8( 2.1-13.5 | 1.9-10.8 1.9-23
Cortisol | nmolL | All | 162-606 51-197 | 41-190 185—624
GH pgl | Al 0.01-2.99 0.04-7.9 0.003—0.97 0.01-3.61
Al 3.5-163 40-29 | 40-21 | 5-33.0 [4.15-21.2] 2.64—13.1 Al
PRL pgL | PreMp 43-30.0 <50 | 334-267
PostPM 3.1-16.1 >50 | 2.74—19.6
All | 14-8.1 [ 170 [ 1=710 [ 1610 ] 1.24-8.62 All
follioular | 2.12—10.9
LH UL median | 19.2—103
PreMP 2.0-42.5 lutheal | 1.20—12.89
PostPM 8.4-61.1 PostMP | 10.9—58.6
<45 13-9.5 2-140 | 2-173 19-16.3 1.27-19.26 All
>45 2.4-202 follioular | 3.85—8.78
FSH UL median | 4.54-22.5
PreMP 22-273 lutheal | 1.79—5.12
PostPM 21-138 PostMP | 16.7—113
All Al | <0,5-2,90
TBhCG | TUL | Premp 0.10—1.8
PostPM 0.9-82
Al | 68-175 66—140 | 50—840 47-195 <73.4—172 All
follicular | 991—448
Estradiol | pmolL lutheal | 180—1068
PreMP 17—1519 median | 348.7—1590
PostPM 4.0-466 PostMP | <73.42—146
<45 04—53 0.37—4.48 0.1—66.5 0.4-6.5 All
Progesterone | mmollL >45 0.4—4.1 follioular |  0.98—4.8
PreMP 03-55 lutheal | 16.4—59
PostPM 0.1-3.4 PostMP | <0.25—2.48
All | 69-225 10.1-28.4[ 0.9-3.5 7.2-243 6.07—27.1* All | <0347-2.6
8.98—283 | 18-30
Testo | nmollL =23 0.5-3.0 6.8723.6 | 31-44
245 02-22 52-237 | 4566
All 11.3—74.1 | 11.5-66.3 133-89.5 | 20—50
SHBG | nmolL| <45 20—46 | 182135
245 47-91 | 16.8—125

PreMP = premenopausal

PostMP = postmenopausal
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Table 4: Comparison of RIs with other studies and manufacturer (Part 2)

Analytes TSH FT4 FT3 TT4 TT3 PTH
Unit mU/L pmol/L pmol/L nmol/L nmol/L ng/lL
Age Al All Al Al Al Al
M+F | 0.64-38 | 8.4—142 67—127 | 13—2.1 [19.1-73.6
R:::;;“ M 4.4—6.2
F 4.1-6.1
M+F | 04-40 | 92-146 | 3.86—5.5 21-92
Asianstudy [ M 04-38 | 9.4-149 | 4.05-59 21-89
F 04-39 | 9.1-142 | 3.8-531 21-97
M+F [0.71-4.87] 11.45-193 | 4.01—6.6 | 77-144 | 1.07—2.0
C:‘til'l‘;ie:; M | 071-45 | 11.7-196 |417-678] 78-146 | 1.1-2.1
F | 07853 | 11.3-187 | 3.80-62| 76—141 [ 1.05-1.9
M+F | 04-3.7
Italy M 7.7-13.7
F 6.8-12
M+F | 0.4-3.6
France M 9.3-15.1
F 8.6-14.7
M+F | 03-3.1
Germany M 7.9-13.5
F 73-12.9
IFU* M+F [ <0.34—5.6]7.86—14.41| 3.8—6.0 |78.38—157.4] 1.34—2.73| 12—88

IFU*=instruction for use of Beckman Coulter Access reagents

Among the thyroid function tests, an age-related decrease was noted slightly in RVs of FT3 in males
(r,=—0.21). The similar male predominant finding has been reported [4]. The age-related decrease is
regarded as a physiological adaptation to different metabolic needs in the elderly with reduction in
anabolic processes and oxygen consumption [31]. However, in terms of SDRage, the values are well
below 0.4 in both sexes, however, BRy; or BRy, after partition by age were less prominent. Therefore, no

partition by age was performed for FT3.

There are multiple reports on age-related increase in serum TSH level, while we didn’t observe
appreciable change in TSH with age (SDRage = 0.17 for males, SDR age = 0.00 for females). To interpret
this discrepancy, note that the NHANES III study [32] showed a progressive elevation of TSH occurs
after 40 y.o., but after exclusion of individuals with autoantibodies as we did, the age-related increase is
only apparent after 60 y.o. Therefore, a narrower age range of our study may account for possible failure

of detecting such an increase in elderly individuals.

3) Distinction between RIs and CDLs
It is important to compare our ULs of RIs for tumor markers with cutoff values which are shown in

reagent instruction provided by the manufacturer. For CA15-3 and CA19-9, our ULs are lower than
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commonly used cutoff values: 21.3 vs. 23.5KIU/1, and 29.3 vs. 35 KIU/I, respectively. The value between
the ULs and cutoff values may be regarded as a gray zone for early detection of adenocarcinoma,

although an increased false-positive rate is a problem in prioritizing the ULs.

In contrast, the UL of CA125 for females (38.7 KIU/L) was a higher than commonly used cutoff of
35 KIU/L [33]. This difference may be attributable to a high prevalence of endometriosis and other
inflammatory gynecological diseases of non-cancerous etiology in Russia. In fact, the incidence of
endometriosis increased by 72.9% from 1999 to 2011 [34] after widespread use of CA125 testing.
However, it was not possible for us to exclude latent endometriosis with unavailability of relevant
information in the questionnaire. In any case, we found that the UL for CA125 reported in the Asian

study using the same reagent [4] was quite comparable with our result (Table 4).

Due to between-assay variations, the cutoff value for low testosterone is different between studies
and societies. The Endocrine Society and the American Urology Association (AUA) recommend using a
total testosterone <300 ng/dL (10.4 nmol/L) with repeated measurements of morning total testosterone as
a reasonable cutoff in support of the diagnosis of low testosterone, preferably using the same laboratory
with the same method/instrumentation for measurements. The ISSAM and the ISSM used the cutoff value
of total testosterone <12 nmol/L (350 ng/dL). However in 2015, they suggested that TRT may be
reasonably offered to symptomatic patients with total testosterone concentration even higher than 12
nmol/L based on clinical judgement [35], which is still far higher than the LL of RI (6.9 nmol/L) for
males derived in the present study using the BC analyzer. This discrepancy points to the unstandardized

status of the testosterone assay and the need for reagent-specific cutoff value.

For TSH, the American Association of Clinical Endocrinologists (AACE) recommends using a TSH
range of 0.3 to 3.0 mIU/1 for therapeutic decision since 2003 [36], the European Thyroid Association
(ETA) suggests the reference range for serum TSH in the general adult population between 0.4 and 4.0
mUY/1 [37] and the National Academy of Clinical Biochemistry reported that: “In the future, it is likely that
the upper limit of the serum TSH euthyroid reference range will be reduced to 2.5 mIU/L because 95% of
rigorously screened normal euthyroid volunteers have serum TSH values between 0.4 and 2.5 mIU/L”
[38]. On the other hand, the RI for TSH derived in this study after exclusion of cases with apparent AIT
was 0.6—3.8 mIU/L. It matches well with those reported in other studies: the median (LL—UL) by a
French group were 1.4 (0.4-3.6) mIU/L, by a German group 1.1 (0.3-3.1) mIU/L, by a Italian group 1.4
(0.4-3.7) mIU/L [39]. The RI of this study was shifted to a much lower side from that of the manufacturer
(0.38-5.33 mIU/L; Access TSH (3rd IS) (Table 4). In any case, it should be noted, that there is no

common RI and the fluctuation of UL range could make from 2.5 to 5.5 mIU/ml. It is apparent that,
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although CDLs have been proposed by academic societies, they are not generally applicable with
apparent lack of harmonization of the TSH assays. In fact, the C-RIDL’s interim report on the global RI
study clearly showed that after aligning TSH test results based on the commonly tested serum panel, no
obvious between-country difference was observed among six countries examined [12]. Therefore, the
observed differences among the RIs or CDLs appear not due to ethnic difference, but to non-harmonized

test results.

4) Comparison of Russian RVs with those of other countries

We compared our RIs or RVs with those of the countries collaborating in the IFCC Asian and global
projects [4, 18], those of other relevant studies as well as RIs provided by the manufacturer. We noted
several features as follows: For insulin, after applying exclusion of BMI>28, the UL of the Russian RI
(M+F) became significantly lower compared with that of the manufacturer (10.5 vs. 23 mIU/L), and
comparable to Asian study (M:13.5, F:10.8 mIU/L) [4], which employed the same immunoassay analyzer
UniCel DxI 800 (Beckman Coulter Inc.) and also applied exclusion of individuals with BMI>28.
However, in reference to C-RIDL’ report on the global study [Suppl. Fig 2 of [18], the median Russian
RVs for insulin was higher than other countries, implying that current manufacturer’s RI is set way-higher

for appropriate clinical use.

For testosterone, the RI for males derived in this study shifted to a lower side compared to the Rls
published in the Asian study [4], and RVs were lower than those of the U.S. and Japan in the interim
report of the global study [18]. It should be also noted that the RI by this study is narrow with its UL
lower than that shown in the reagent instruction, which was derived based on the U.S. population.
However, in consideration of a relatively small SDR for between-country differences for testosterone

shown in the global study report [18], our RI seems not biased much.

For TSH, Russia RVs are comparable to those countries that collaborated in the global project [18].
Our RI is also close to those reported in the Asian study and common Europe investigation [4,39]. At the
same time, UL for TSH was higher in a nationwide Chinese study [11] where RIs were also divided by

sex (Table 4). The reason is obviously by use of different exclusion criteria for the volunteers.

PTH in males and females in Russia was comparable with other countries, such as Saudi Arabia,
Turkey, and U.S., but significantly higher than Pakistan and Philippines. (Suppl. Fig 2 of [19]). In Asian
and current studies, UL for PTH were comparable [4] (Table 4). The between-country difference in RVs
of PTH was one of the most significant ones among the analytes examined in both sexes (between-

country SDR of 0.63 for male and 0.64 for female) [18].

19


https://doi.org/10.1101/2020.05.26.116269
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.26.116269; this version posted May 26, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Cortisol exhibits a slight between-country difference (SDR of 0.28 for male, 0.29 for female) [18].
Median RVs of cortisol in Russian females is close to the U.S. and higher than in Asian countries, India
and Saudi Arabia. In males, the RVs are the highest among the countries in the global study. The Russian
RI for cortisol is close to that of the manufacturer, but three times higher than that published in the Asian
study (Table 4). We do not know whether the higher cortisol level in Caucasians in the U.S. and Russia

points to more stress than other countries.

AFP, CEA, CA125, and PRL didn’t show significant between-country differences according to the
global paper results (SDR of 0.12, 0.13, 0.21 and 0.12 for males and 0.18, 0.15, 0.05 and 0.14 for
females, respectively) [18]. For CA-125, the UL for females in the Asian study was higher than those
provided in the Russian study and both were higher than UL provided by the manufacturer in the
instruction for use. At the same time, the UL for prolactin in males in the Russian study was twice lower

than in the Asian study.

Median of LH, FSH were shifted to the right in Turkey and Japan accordingly, but low and upper
values of the dispersion were fully comparable (SDR = 0.29 and 0.22). For females, no country

differences were observed.

Progesterone had significant between-country differences in males (SDR= 0.91), Russia was higher than

other countries, while in females such differences were not observed (SDR 0.1) (Table 4).

Conclusion

This is the first comprehensible Russian study for derivation of RIs for 24 major immunochemistry
parameters consisting of tumor markers, thyroid function tests, vitamins, reproductive and other
hormones. The study was conducted by use of the internationally harmonized protocol elaborated by C-
RIDL, IFCC with recruitment of 793 well-defined, apparently healthy adults from three major cities in
Russia.

No regional differences among the three major cities were observed in any parameter. Careful
assessment and exclusion of latent abnormal values of common occurrence was a crucial step. Close
associations of BMI with RVs were observed for insulin, testosterone (M), SHGB (M), and GH (F) in that
order of strength. For insulin, exclusion of individuals with BMI>28 was effective in lowering the UL of
RI, but not for others. In the derivation of the RI for CA19-9, individuals with apparent Lewis-negative
blood type (M: 10.5%, F: 11.3%) were excluded. For thyroid function tests, individuals with AIT
(M:10.3%, F: 24.5%) were excluded, but the procedure only affected the RI for TSH. Partition of RVs by

20


https://doi.org/10.1101/2020.05.26.116269
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.26.116269; this version posted May 26, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

sex was required for all reproductive hormones, CA125, CEA, and GH. Partition by age was required for
AFP, for CEA (F), and for all reproductive hormones (females).

A majority of RIs derived in this study differed from those provided by the manufacturers. Obvious
differences were noted from CDLs (or cutoff values) set by clinical guidelines for CA19-9, CA125,
testosterone, insulin, and TSH. Although some of the differences are attributable to the lack of
harmonization in test results, they are inevitable from the distinct concept of the RI as “health”-associated

range with difficulty in identifying latent conditions prior to the sampling.

Acknowledgments

The authors express sincere gratitude to Beckman Coulter, LLC (Russia) for their generous support of the assay
reagents. We are very grateful to Yury Andreychuk, CEO of Helix Laboratories Services, and the Helix staff for

their kind assistance in the recruitment of volunteers, sample preparations, and provision of sampling equipment.

References

1) IFCC and CLSI. EP28-A3C Defining, establishing, and verifying reference intervals in the clinical
laboratory; approved guideline, third edition, vol.28, No.30, 2010.

2) Ozarda Y, Ichihara K, Barth JH, Klee G. Committee on Reference Intervals and Decision Limits (C-
RIDL), International Federation for Clinical Chemistry and Laboratory Medicine. Protocol and standard
operating procedures for common use in a worldwide multicenter study on reference values. Clin Chem
Lab Med (2013); 51:1027-40. https://doi.org/10.1515/cclm-2013-0249

3) Evgina S, Ichihara K, Ruzhanskaya A, et al. Establishing reference intervals for major biochemical
analytes for the Russian population: a research conducted as a part of the IFCC global study on reference
values. Clin Biochem (2020), in press. https://doi: 10.1016/j.clinbiochem.2020.04.001

4) Ichihara K, Ceriotti F, Kazuo M., et al. The Asian project for collaborative derivation of reference
intervals: (2) results of non-standardized analytes and transference of reference intervals to the
participating laboratories on the basis of cross-comparison of test results. Clin Chem Lab Med (2013);
51:1443-57. https://doi.org/ 10.1515/cclm-2012-0422

5) Borai A., Ichihara K., Al Masaud A. et al. Establishment of Reference Intervals for Inmunoassay
Analytes of Adult Population in Saudi Arabia. Clin Chem Lab Med, (2020). https://doi.org/
10.1515/cclm-2019-1049.

6) Woo H-Y, Kim, M.D. Y. J., Park H. Establishment of reference intervals of tumor markers in Korean
adults. Korean J Lab Med; 28 (2008), 179-84. https://doi.org/10.3343/kjlm.2008.28.3.179.

7) Yang G-B. Clinical value of serum cancer antigen 19-9 as a tumor screening marker among healthy
individuals. JBUON, 20(6) (2015) 1612-1616.

8) Bakan E., Polat H., Ozarda Y. A reference interval study for common biochemical analytes in Eastern
Turkey: a comparison of a reference population with laboratory data mining. Biochem Med (Zagreb),
26(2) (2016), 210-223. https://doi.org/10.11613/BM.2016.023.

21


https://doi.org/10.1101/2020.05.26.116269
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.26.116269; this version posted May 26, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

9) Barth J.H., Luvai A.et al. ANNALS EXPRESS: Comparison of method related reference intervals for
thyroid hormones: studies from a prospective reference population and a literature review. Ann Clin
Biochem, 55 (2018), 107-112. https://doi.org/10.1177/0004563217691549.

10) Yu S., Qiu L., Liu M. et al. Establishing reference intervals for sex hormones and SHBG in
apparently healthy Chinese adult based on a multicenter study. Clin Chem Lab Med 56(7) (2018),
1152-1160. https://doi.org/10.1515/cclm-2017-0749

11) Wang D., Yua S., Cheng X. et al. Nationwide Chinese study for establishing reference intervals for
thyroid hormones and related tests. Clinica Chimica Acta; 496 (2019), 62—67.
https://doi.org//10.1016/j.cca.2019.06.011

12) Ichihara K, Boyd JC, IFCC Committee on Reference Intervals and Decision Limits. An appraisal of
statistical procedures used in derivation of reference intervals. Clin Chem Lab Med 2010; 48:1537-51.
https://doi.org/ 10.1515/CCLM.2010.319

13) Ichihara K. Statistical considerations for harmonization of the global multicenter study on reference values.
Clin Chim Acta 2014; 432:108-18. https://doi.org/10.1016/j.cca.2014.01.025

14) Ichihara K, Ozarda Y, Barth JH, et al. A global multicenter study on reference values: 2. Exploration of
sources of variation across the countries. Clin Chim Acta, 467 (2017), 83-97.
https://doi.org/10.1016/j.cca.2016.09.015

15) Cohen J. A power primer. Psychological Bulletin, 112 (1992), 155-9. https://doi.org/10.1037//0033-
2909.112.1.155.

16) Fraser CG. Quality Specifications. In Biological variation: from principles to practice. AACC Press,
Washington, DC, 2001, pp 29-66.

17) Ichihara K, Itoh Y, Lam CWK, et al., Sources of variation of commonly measured serum analytes
among 6 Asian cities and consideration of common reference intervals, Clin. Chem. 54 (2008) 356-65.
https://doi.org/10.1373/clinchem.2007.091843

18) Ichihara K., Ozarda Y, Barth JH, et al. A global multicenter study on reference values: 1. Assessment
of methods for derivation and comparison of reference intervals. Clin Chim Acta 467 (2017), 70-82.
https://doi.org/ 10.1016/j.cca.2016.09.016.

19) Li S, Huang S, Mo ZN, et al. Generating a reference interval for fasting serum insulin in healthy
nondiabetic adult Chinese men. Singapore Med J., 53 (2012), 821 - 825.

20) Shen X., Wang R. et al. Reference ranges and association of age and lifestyle characteristics with
testosterone, sex hormone binding globulin, and luteinizing hormone among 1166 Western Chinese
Men. PLoS One, 11(10) (2016). https://doi.org/10.1371/journal.pone.0164116.

21) Shi Z, Araujo AB, Martin S, O'Loughlin P. et al. Longitudinal changes in testosterone over five years
in community-dwelling men. J Clin Endocrinol Metab., 98 (2013), 3289-97.
https://doi.org/10.1210/jc.2012-3842.

22) Camacho EM., Huhtaniemi IT., O'Neill TW. et al. Age-associated changes in hypothalamic-pituitary-
testicular function in middle-aged and older men are modified by weight change and lifestyle factors:
longitudinal results from the European Male Ageing Study. Euro J of Endocrinol. 168(3) (2013), 445—
55. https://doi.org/10.1530/EJE-12-0890.

22


https://doi.org/10.1101/2020.05.26.116269
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.26.116269; this version posted May 26, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

23) Eskes SA, Tomasoa NB, Endert E, Geskus RB, Fliers E, Wiersinga WM. Establishment of reference
values for endocrine tests. Part VII: growth hormone deficiency. Neth J Med. 67(4), 2009, 127 - 133.

24) Sajid, K.M., Chaouachi, K. & Mahmood, R. Hookah smoking and cancer: carcinoembryonic antigen
(CEA) levels in exclusive/ever hookah smokers. Harm Reduct J 5, 19 (2008).
https://doi.org/10.1186/1477-7517-5-19. doi:10.1186/1477-7517-5-19

25) Vestergaard E.M., Hein H. O., Meyer H. et al. Values and biological variation for tumor marker CA
19-9 in serum for different Lewis and secretor genotypes and evaluation of secretor and Lewis genotyping
in a Caucasian population, Clin Chem. 45(1) (1999), 54 - 61.

26) Cooper G.S.,.Bynum M.L.K, Somers E.C. et al. Recent insights in the epidemiology of autoimmune
diseases: improved prevalence estimates and understanding of clustering of diseases. J Autoimmun 33
(2009),197-207. https://doi.org/10.1016/j.jaut.2009.09.008.

27) Stenman U.H., Alfthan H., Hotakainen K. Human chorionic gonadotropin in cancer. Clin Biochem,
37 (2004), 549-61. https://doi.org/10.1016/j.clinbiochem.2004.05.008.

28) Snyder JA, S.Haymond S, Parvin CA, et al. Diagnostic considerations in the measurement of human
chorionic gonadotropin in aging women., Clin Chem, 51 (2005), 1830-5.
https://doi.org/10.1373/clinchem.2005.053595

29) Travison TG., Araujo AB., O’Donnell AB. et al. A population-level decline in serum testosterone
levels in American men. J Clin Endocrinol Metab, 92 (2007), 196-202.
https://doi.org/10.1210/j¢.2006-1375.

30) Kelsey TW, Li LQ, Mitchell RT, et al. A validated age-related normative model for male total
testosterone shows increasing variance but no decline after age 40 years. PLoS One 9(10), (2014).
https://doi.org/10.1371/journal.pone.0117674.

31) Corsonello A., Montesanto A., Berardelli M.et al. A cross-section analysis of FT3 age-related
changes in a group of old and oldest-old subjects, including centenarians’ relatives, shows that a
down-regulated thyroid function has a familial component and is related to longevity. Age Ageing, 39
(6) (2010). 723-727. https://doi.org/10.1093/ageing/afql16.

32) Surks MI, Hollowell JG. Age-specific distribution of serum thyrotropin and antithyroid antibodies in
the US population: implications for the prevalence of subclinical hypothyroidism. J Clin Endocrinol
Metab, 92, (2007), 4575-82. https://doi.org/10.1210/jc.2007-1499.

33) NICE Clinical Guideline 122. The recognition and initial management of ovarian cancer. 2011.
Available at https://www.nice.org.uk/guidance/cg122/chapter/1-Guidance#detection-in-primary-care.

34) Illecrakosa WN.I'., MmacTosa W./[. OH10METpHO3: HOBBI KOHCEHCYC - HOBBIC PEIICHHS.
Nupopmarmonnsiii 6rommierenb, OO0 «Menuadropo Craryc npeseHcy», 2014

35) Park H.J., Ahn S.T., Moon D.G Evolution of Guidelines for Testosterone Replacement Therapy .
Journal of Clinical Medicine, 8 (2019), 410. https://doi.org/10.3390/jcm8030410

36) Garber J, Cobin R, Gharib H, et al. Clinical practice guidelines for hypothyroidism in adults:
Cosponsored by the American association of clinical endocrinologists and the American thyroid
association. Endocrine Practice, 18 (2012), 988—1028. https://doi.org/10.4158/EP12280.GL

23


https://doi.org/10.1101/2020.05.26.116269
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.26.116269; this version posted May 26, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

37) 2013 ETA Guideline: Management of Subclinical Hypothyroidism; Eur Thyroid J 2013;2:215-228.

38) Demers LM, Spencer CA, NACB: Laboratory support for the diagnosis and monitoring of thyroid
disease. NACB guidelines, 2002

39) Herbomez M., Jarrige V., Darte C. Reference intervals for serum thyrotropin (TSH) and free
thyroxine (FT4) in adults using the Access Immunoassay System. Clin Chem Lab Med, 43 (2005),
102-5. https://doi.org/10.1515/CCLM.2005.017.

Figure Legends

Fig. 1: Sex and age-related changes in RVs of 11 representative analytes

RVs of 11 representative analytes are shown subgrouped by sex and age (<30, 30-39, 40-49, 50< years).
The box in each scattergram represents central 50% range and the vertical bar in the middle represents
median RVs. On top of each panel, the magnitudes of between-sex and between-age variations are shown
as SDRsex and SDRage derived separately for males (M) and females (F). No secondary exclusion was
performed in plotting data. For GH, testosterone, and SHBG (marked by *), values of individuals with
BMI> 28 kg/m? was excluded to avoid confounding of BMI on age-related changes.

Fig. 2: Association of BMI or smoking habit with RVs of selected analytes

RVs of 4 analytes found associated with BMI by multiple regression analysis are shown subgrouped by sex
and BMI (<20, 20~24, 24~28, 28~32, <32 kg/m?). In addition, RVs of CEA was partitioned by sex and the
status of smoking habit. The box in each scattergram represents central 50% range and the vertical bar in
the middle represents a median point. The magnitude of between-subgroup variation is shown on top of
each panel as SDR due to BMI (SDRgy;) or as SDR due to smoking habit (SDRsmk), computed separately
for males (M) and females (F).

Fig. 3: Influence of autoimmune thyroiditis on thyroid function tests

A presumptive diagnosis of autoimmune thyroiditis (AIT) was made by the criterion of either TPOAb>9
or TgAb>4 KIU/L. Thyroid function test results were compared between individuals with and without
AIT. The difference of two-group centers was expressed as SDR for the status of AIT (SDRyr),

computed separately for males (M) and females (F).

Suppl. Fig. 1: Sex and age-related changes in RVs of all immunoassay analytes

Distributions of RVs for all the analytes were shown after subgrouped by sex and age. No secondary

exclusion was performed in plotting data. The box in each scattergram represents central 50% range and
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the vertical bar in the middle represents a median point. On top of each scattergram, the magnitudes of
between-sex and between-age variations are shown as SDRsex and SDRage derived separately for males

(M) and females (F).

Suppl. Fig. 2: Accuracy of power transformation used in the parametric method for all 20

immunoassay tests

RIs were derived by both parametric and nonparametric methods. The accuracy of Gaussian transformation
by Box-Cox formula can be assessed from theoretical Gaussian curves in two histograms shown on left top
(before and after the transformation). The results of by Kolmogorov-Smirmov (K-S) test for normality of
distribution were shown on right upper panel. The accuracy of the transformation can be also seen from the
linearity in the probability paper plot on the right. The limits of the RI by nonparametric method corresponds
to the points where red zigzag line intersect with horizontal 2.5 and 97.5 % red lines of cumulative

frequencies.

Suppl. Fig. 3: Comparison of test results for TSH and TBhCG before and after changes in reagents

Aliquots of volunteers’ sera stored at —80C° were tested in 2018 by use of new reagents for TSH and TBhCG
after confirmation of the stability of the analytes. Recalibration of values by the old reagent was performed
using the major-axis linear regression between new and old values after logarithmic and square-root

transformation for TSH and TPhCG, respectively.
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Figure 1: Sex and age-related changes in RVs of 11 representative analytes
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and the vertical bar in the middle
represents median RVs, On top of each
panel, the magnitudes of between-sex and
between-age variations are shown as
SDRsex and SDRage derived separately
for males (M) and females (F). No
secondary exclusion was performed in
plotting data. For GH, testosterone, and
SHBG (marked by #), values of
individuals with BMI= 28 kg/m* was
excluded to avoid confounding of BMI
on age-related changes.
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Figure 2: Association of BMI or smoking habit with RVs of selected analytes
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RVs of 4 analytes found associated with
BMI by multiple regression analysis are
shown subgrouped by sex and BMI (<20,
20~24, 24~28, 28~32, <32 kg/m2). In
addition, Vs of CEA was partitioned by sex
and the status of smoking habit. The box in
each scattergram represents central 50%
range and the vertical bar in the maddle
represents a median point. The magnitude of
between-subgroup variation is shown on top
of each panel as SDR due to BMIL(SDRg,,,)
or as SDR due to smoking habit (SDRsmk),
computed separately for males (M) and
females (F).
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Figure 3: Influence of autoimmune thyroiditis on thyroid function tests
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A presumptive diagnosis of autoimmune
thyroiditis ( AIT) was made by the eriterion
of either TPOAB=9 or TgAb>4 KIU/L.
Thyroid function test results were compared
between individuals with and without AIT.
The difference of the two-group centers was
expressed as SDR for the status of AIT
(SDR. 1), computed separately for males
(M) and females (F).
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