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and IG# on Sysmex XN-1000

A retrospective indirect LIS-based study
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Abstract

Extended complete blood count (CBC) parameters reported by Sysmex XN analyzers, such as microcytic red blood cell frao&
(MicroR), macrocytic red blood cell fraction (MacroR), and immature granulocyte (IG) indices, are increasingly used in routine
practice, yet locally validated reference intervals (RIs) remain limited for several of these measures. We aimed to derive Rls for
MicroR, MacroR, immature granulocyte percentage (1G%), and immature granulocyte count (IG#) on the Sysmex XN-1000 using a
laboratory information system (LIS)-based indirect approach. We analyzed routine LIS data from a tertiary-care university hospital
and constructed a reference-candidate dataset using a predefined CBC-based selection workflow. After Tukey-based outlier
assessment and visual review, extreme values inconsistent with the reference-candidate distribution were excluded. Rls were
estimated by a nonparametric percentile method (2.5th-97.5th percentiles). Two-sided 90% confidence intervals for Rl limits
were obtained by bootstrap resampling (1000 iterations). Sex partitioning was assessed using the Harris-Boyd approach. The
final reference sample group comprised 25,431 records (16,122 females; 9309 males). Median age was 47 years (interquartile
range 33-57) in females and 45 years (interquartile range 31-57) in males. MicroR was reported as a pooled Rl of 0.50% to
6.10%. MacroR required sex-specific reporting, with Rls of 3.60% to 5.20% in males and 3.30% to 4.60% in females. |G indices
supported pooled reporting, yielding Ris of 0.01 to 0.04 x 10%L for IG# and 0.10% to 0.60% for IG%. Comparative analyses
with published Sysmex XN-based studies placed these estimates within expected platform-specific patterns and highlighted that
manufacturer limits may be unavailable for some extended parameters or may not fully reflect population-specific distributions.
Using an indirect LIS-based workflow, we established local Rls for MicroR, MacroR, 1G%, and IG# on the Sysmex XN-1000.
These intervals provide practical local benchmarks for routine interpretation of extended CBC parameters; however, they should

WBC = white blood cell count.

be interpreted in the context of an indirect LIS-based design without individual clinical verification.

Abbreviations: CBC = complete blood count, Cl = confidence interval, HGB = hemoglobin, IG = immature granulocyte,
IG# = immature granulocyte count, IG% = immature granulocyte percentage, IQR = interquartile range, LAVE = latent abnormal
value exclusion, LIS = laboratory information system, MacroR = macrocytic red blood cell fraction, MCHC = mean corpuscular
hemoglobin concentration, MicroR = microcytic red blood cell fraction, RBC = red blood cell count, Rl = reference interval,

Keywords: blood cell count, clinical laboratory information systems, erythrocyte indices, granulocytes, reference values

1. Introduction

Reference intervals (RIs) are essential for the clinical interpre-
tation of laboratory test results. The Clinical and Laboratory
Standards Institute EP28-A3c recommends that laboratories
establish or verify RIs appropriate for their own patient pop-
ulation.!! However, the lack of center- and instrument-specific
local RIs for extended complete blood count (CBC) parameters
increasingly reported in routine practice, including macrocytic
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red blood cell fraction (MacroR), microcytic red blood cell
fraction (MicroR), and immature granulocyte (IG) parameters
(immature granulocyte percentage [IG%], immature granulo-
cyte count [IG#]), complicates standardization in reporting and
interpretation. Evidence for these extended hemogram param-
eters remains limited, and manufacturer-provided RIs may
not fully represent every population.?! Because reference lim-
its may be influenced by population characteristics and by the
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approach used to define the reference sample, establishing local
RIs remains important for result interpretability.-!

The clinical relevance of these parameters further underscores
the need for reliable RIs. IG parameters are increasingly evalu-
ated as readily accessible and low-cost markers across the spec-
trum of infection and sepsis, including early neonatal sepsis, !
and have also been associated with treatment monitoring and
mortality prediction in sepsis.! MacroR and MicroR, derived
from erythrocyte volume distribution, have been discussed
together with conventional red cell indices as practical tools for
the differential assessment of microcytic anemias.?!

Despite their expanding availability in routine reports, uncer-
tainty regarding the RIs of these parameters may limit both clin-
ical decision-making and the comparability of research findings
across settings.”?! Before clinical studies can clarify their utility in
routine practice, it is essential to define their expected distribu-
tion in an apparently healthy reference population.!®!

In this study, we aimed to establish local RIs for MacroR,
MicroR, and IG parameters (IG%, IG#). These RlIs are expected
to support routine reporting and interpretation, provide a
framework for future studies evaluating IG in infection and sep-
sis, and facilitate investigations into the relationship between
MacroR/MicroR and anemia subtypes. In addition, by provid-
ing a framework comparable with studies applying indirect RI
approaches on the same analytical platform, this work may
improve the interpretability of future findings.

2. Materials and methods
2.1. Study design, setting, and ethics

A single-center, retrospective, non-interventional descriptive
study was conducted to establish RIs for extended CBC param-
eters reported by the Sysmex XN-1000 analyzer (Sysmex
Corporation), including MacroR, MicroR, and IG param-
eters (IG%, IG#). Laboratory information system records
generated during routine clinical care between November 01,
2024 and November 01, 2025 were screened. The study pro-
tocol was approved by the local Non-Interventional Clinical
Research Ethics Committee (approval No. 05; February 03,
2026) and was conducted in accordance with the Declaration
of Helsinki. All data were processed in anonymized form;
no additional sampling, patient contact, or intervention was
performed.

2.2. Record selection and eligibility criteria

All CBC records within the study period were initially retrieved.
Records from the emergency department, inpatient wards, and
intensive care units were excluded. Records outside the 18 to
65-year age range were then removed. To avoid correlated
measurements, repeat tests were excluded by retaining only
the earliest CBC record per individual. The remaining records
were screened using manufacturer-provided Rls for routine
CBC screening parameters (white blood cell count (WBC), red
blood cell count (RBC), hemoglobin (HGB), platelet count,
and red cell distribution width), and records outside these lim-
its were excluded. This screening step was restricted to routine
CBC parameters that were uniformly available for all retained
CBC records; the target extended CBC parameters used for RI
estimation, including MacroR, MicroR, 1G%, and 1G#, were
not used as screening criteria. These criteria were applied to
reduce the inclusion of records with overt abnormalities in rou-
tine CBC parameters and to construct a pragmatic outpatient
reference-candidate dataset for indirect RI estimation of the tar-
get extended CBC parameters. The remaining records comprised
the final reference sample group (n = 25,431) for RI estimation
of MacroR, MicroR, and IG parameters (IG% and IG#) (Fig. 1).
No missing data were present for the variables used in record

Medicine

screening, eligibility assessment, partitioning, outlier evaluation,
and RI estimation; therefore, no imputation was required.

2.3. Analytical platforms and quality assurance

Complete blood count analyses were performed on Sysmex
XN-1000 hematology analyzers (Sysmex Corporation).
Analytical performance was monitored throughout the study
period using 3 levels of internal quality control materials run
daily in accordance with the manufacturer’s recommendations,
and results met the laboratory’s predefined acceptance criteria.
In addition, analytical performance for all analyzers was regu-
larly monitored through external quality assessment programs,
and results remained within acceptable limits during the study
period. Analytical stability over the study period was assessed
through these internal quality control and external quality
assessment procedures, and no sustained quality-control failure
requiring exclusion of a time interval was identified.

2.4. Statistical analysis

Reference intervals for MacroR, MicroR, 1G%, and IG#
were established in accordance with Clinical and Laboratory
Standards Institute EP28-A3c principles using an indirect (a
posteriori) approach. After applying the eligibility criteria,
frequency distributions of the target parameters were visually
inspected using histograms and box plots. Because routine lab-
oratory information system (LIS) data for the target parameters
were not assumed to follow a Gaussian distribution, RIs were
estimated using a nonparametric percentile method without
data transformation. Potential outliers were 1st flagged using a
robust interquartile range (IQR)-based rule (Tukey, 1.5 x IQR)
and then evaluated by visual inspection of boxplots and stem-
and-leaf plots in the context of the reference-candidate dataset.
Only extreme values considered inconsistent with this dataset
were excluded prior to RI estimation; all other flagged obser-
vations were retained. After exclusion of extreme values, the
distributions were rechecked to confirm suitability for final RI
estimation.

The decision on whether sex-specific Rls were required
was based on Z statistics calculated using the Harris—Boyd
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Z.1eq Tepresents the standardized difference between the
means of 2 subgroups while accounting for subgroup variances
and sample sizes. Z_, . is the decision threshold defined under
the assumption of at least 120 observations per subgroup. A
need for sex partitioning was interpreted when Z_ > Z .
For parameters meeting this criterion, sex-specific RIs were
reported separately for females and males; otherwise, a com-
bined RI was reported. Formal age-specific RIs were not derived
within the predefined 18 to 65-year adult group. Age was sum-
marized descriptively, whereas the primary partitioning assess-
ment focused on sex because the study was designed to establish
adult local RIs for routine reporting.

Reference interval limits were defined as the 2.5th and 97.5th
percentiles using a nonparametric percentile method. Two-
sided 90% confidence intervals (Cls) for the lower and upper
reference limits were estimated by bootstrap resampling using
1000 iterations. Because the final reference sample group was
large (n=25,431), 1000 bootstrap iterations were selected as
a practical resampling number to estimate Cls around the non-
parametric percentile-based reference limits, while avoiding
unnecessary computational burden. Partitioning decisions and
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Total CBC records during the study period
n = 393,224

After excluding emergency department, inpatient ward,
and ICU records (outpatients only), remaining

L n=231,577 )
4 After restricting to adults aged 18—65 years, h
remaining
L n=137317 )
After retaining a single (earliest) CBC per individual,
remaining
S n=59,905 )
After requiring screening CBC indices within N

manufacturer reference intervals (WBC, RBC,
hemoglobin, PLT, RDW), remaining
n=25431 )

Final reference sample group for reference interval estimation of MacroR,
MicroR, and immature granulocyte indices (IG% and IG#)
n = 25,431 (Female n = 16,122; Male n = 9,309)

Figure 1. Flow diagram illustrating the stepwise selection of the study dataset for indirect (a posteriori) reference interval estimation of MacroR, MicroR, and
immature granulocyte indices (IG% and IG#) on the Sysmex XN-1000. Sequential exclusions restricted the dataset to outpatient adults (18-65 years), removed
records from the emergency department, inpatient wards, and intensive care units, retained a single (earliest) CBC record per individual, and required screening
CBC indices (WBC, RBC, HGB, PLT, and RDW) to fall within manufacturer-provided reference intervals. The remaining records constituted the final reference
sample group used for reference interval estimation. CBC = complete blood count, ED = emergency department, ICU = intensive care unit, IG# = immature
granulocyte count, IG% = immature granulocyte percentage, MacroR = macrocytic red blood cell fraction, MicroR = microcytic red blood cell fraction, PLT =
platelet count, RBC = red blood cell count, RDW = red cell distribution width, RI = reference interval, WBC = white blood cell count.

RI estimation were applied only to the extended CBC parame-
ters (MacroR, MicroR, IG%, and IG#). All statistical analyses
were performed using IBM SPSS Statistics for Windows, version
26.0 (IBM Corp.).

3. Results

After retaining only the earliest adult outpatient CBC
record per individual, 59,905 records remained eligible
for manufacturer RlI-based screening. Screening based on
manufacturer-provided Rls for white blood cell count, RBC,
HGB, platelet count, and red cell distribution width excluded
34,474 records, resulting in a final reference sample group of
25,431 records (16,122 females and 9309 males). The median
age was 47 years (IQR, 33-57) in females and 45 years (IQR,
31-57) in males.

Table 1 summarizes the routine CBC parameters of the final
reference sample group. Median (Q1-Q3) values for routine
CBC parameters were largely within the manufacturer-provided
RIs; a modest deviation was observed for mean corpuscular
hemoglobin concentration (MCHC) (Table 1). Manufacturer
RIs were available for IG% and IG#, but not for MacroR
and MicroR; therefore, MacroR and MicroR were evaluated
descriptively and study-derived RIs were established.

Potential outliers were flagged using Tukey rule (1.5 x IQR)
within sex strata and were then evaluated by visual inspec-
tion; only extreme values were excluded prior to RI estimation.
Outlier frequencies and the corresponding included sample sizes
are summarized in Table 2.

The post-exclusion distribution curves of MicroR, MacroR,
IG#, and IG% in the final reference sample group are shown in
Figure 2. Male and female curves largely overlapped for MicroR

and the IG indices (IG# and IG%), supporting pooled reporting,
whereas MacroR showed a more apparent between-sex shift,
supporting sex-specific partitioning.

RIs (2.5th-97.5th percentiles) and 2-sided 90% Cls,
estimated by bootstrap resampling (1000 iterations), are
presented in Table 3. Based on the Harris—Boyd crite-
rion, MicroR was reported as a pooled interval, whereas
MacroR was reported as sex-specific intervals. I1G indi-
ces were reported as pooled intervals, with RIs of 0.01 to
0.04 for IG# (x10°/L) and 0.10 to 0.60 for IG% (Table 3).
Although manufacturer RIs are provided with 2 deci-
mal places, IG% values in our laboratory information
system were reported in 0.1% increments; therefore,
percentile-based limits are expressed accordingly.

As a sensitivity analysis, RIs were recalculated without
exclusion of Tukey-flagged extreme values. Lower reference
limits remained unchanged for all parameters, and sex-specific
MacroR intervals were unchanged in both females and males. In
contrast, the upper reference limits increased for right-skewed
parameters, most notably for MicroR (from 6.10% to 10.60%),
and to a lesser extent for IG% (from 0.60% to 0.80%) and IG#
(from 0.04 to 0.06 x 10°/L). These findings indicate that upper
reference limits for some parameters were sensitive to extreme-
value handling, whereas lower limits and MacroR partitioning
were robust.

4. Discussion

Routine clinical laboratories may face practical constraints
in establishing de novo RIs for every analyte and analytical
platform. Accordingly, verification/transfer frameworks and
indirect approaches that leverage routinely generated LIS
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Manufacturer-provided reference intervals and descriptive statistics of routine complete blood count parameters and descriptive
statistics of extended parameters in the final reference sample group.

Parameters (unit) Sex/partition Manufacturer RI Median (Q1-@3)
WBC (x10%/L) Male 3.80-8.76 6.82 (5.96-7.69)
Female 3.39-8.86 6.52 (5.60-7.48)
RBC (x10'%/L) Male 4.54-6.00 5.19 (4.96-5.41)
Female 3.91-5.31 4.58 (4.38-4.79)
HGB (g/dL) Male 13.2-16.6 15.4 (14.8-16.0)
Female 11.1-147 13.3(12.7-13.9)
HCT (%) Male 43.2-54.5 45.0 (43.4-46.6)
Female 36.9-49.1 39.9 (38.1-41.5)
MCV (fL) Male 86.0-101.1 86.6 (84.2-89.2)
Female 87.0-102.2 87.1(84.2-89.8)
MCH (pg) Male 25.9-30.8 29.7 (28.7-30.7)
Female 25.6-30.8 29.1(27.9-30.2)
MCHC (g/dL) Male 29.3-31.7 34.2 (33.5-34.9)
Female 28.2-31.1 33.3 (32.7-34.0)
RDW (fL) Male 36.3-47.3 40.3 (38.7-42.2)
Female 38.9-50.0 42.1 (40.6-44.0)
PLT (x10%L) Male 173-360 246 (215-281)
Female 171-388 268 (233-307)
PDW (fl) Male 9.5-15.5 11.6 (10.5-12.8)
Female 9.7-15.1 11.9(10.7-13.2)
MPV (fL) Male 9.2-12.1 10.1 (9.6-10.7)
Female 9.2-12.2 10.4 (9.8-11.0)
P-LCR (%) Male 17.9-43.7 26.2 (21.8-30.8)
Female 19.5-43.8 28.0 (23.4-33.1)
PCT (%) Male 0.19-0.36 0.25(0.22-0.28)
Female 0.19-0.41 0.28 (0.25-0.31)
NEUT# (x10%/L) Male 1.65-4.97 3.74 (3.11-4.41)
Female 1.50-5.00 3.62 (2.95-4.35)
NEUT (%) Male 40.1-67.0 55.5 (50.1-61.0)
Female 40.2-71.4 56.2 (50.7-61.8)
LYMPH# (x10%L) Male 1.17-3.17 2.17 (1.81-2.58)
Female 1.05-2.87 2.09 (1.73-2.50)
LYMPH (%) Male 23.6-48.0 32.7 (27.6-37.8)
Female 21.6-49.0 33.0(28.0-38.1)
MONO# (x10%L) Male 0.23-0.68 0.55 (0.46-0.64)
Female 0.22-0.63 0.48 (0.40-0.57)
MONO (%) Male 4.8-10.2 8.1(7.0-9.3
Female 4.3-9.7 7.5 (6.4-8.6)
EO# (x10%L) Male 0.05-0.32 0.16 (0.10-0.24)
Female 0.03-0.27 0.12(0.08-0.19)
EO (%) Male 0.8-5.5 2.3(1.56-3.5)
Female 0.6-5.1 1.9 (1.2-3.0)
BASO# (x10%L) Male 0.02-0.08 0.05 (0.03-0.06)
Female 0.02-0.07 0.04 (0.03-0.06)
BASO (%) Male 0.4-1.4 0.7 (0.5-0.9)
Female 0.2-1.5 0.7 (0.5-0.9)
MacroR Male - 4.3 (4.0-4.6)
Female - 3.9(3.6-4.1)
MicroR Male - 1.9(1.2-2.9
Female - 2.1(1.2-3.7)
IG# (x10%L) Male 0.01-0.03 0.02 (0.01-0.03)
Female 0.01-0.04 0.02 (0.01-0.02)
1G% (%) Male 0.17-0.61 0.3(0.2-0.4)
Female 0.16-0.62 0.3(0.2-0.4)

For each parameter, the median and interquartile range (Q1-Q3) are presented for the final reference sample group, where Q1 and Q3 denote the 25th and 75th percentiles, respectively. Manufacturer-
provided reference intervals are shown for comparison, and results are stratified by sex. Selection of the final reference sample group was based on manufacturer-provided reference intervals for WBC,
RBC, hemoglobin, PLT, and RDW; other CBC parameters are presented descriptively. Manufacturer-provided reference intervals are shown where available; “~” indicates that manufacturer reference
intervals were not provided for that parameter.

Bold values indicate median (Q1-Q3) values outside the manufacturer-provided reference interval.

BASO = basophils, CBC = complete blood count, HCT = hematocrit, HGB = hemoglobin, IG# = immature granulocyte count, IG% = immature granulocyte percentage, MacroR = macrocytic red blood cell
fraction, MCH = mean corpuscular hemoglobin, MCHC = mean corpuscular hemoglobin concentration, MCV = mean corpuscular volume, MicroR = microcytic red blood cell fraction, MPV = mean platelet
volume, PDW = platelet distribution width, PLT = platelet count, Q1 = 1st quartile, Q3 = 3rd quartile, RBC = red blood cell count, RDW = red cell distribution width, RI = reference interval, WBC = white
blood cell count.

data have received increasing attention.”! In this context, we Indirect (a posteriori) RI approaches are increasingly preferred
aimed to derive Rls for extended CBC parameters reported  because they enable the use of large, routinely accumulated data-
by the Sysmex XN-1000, while acknowledging the inherent  sets.!l Contemporary guidance emphasizes that indirect RI esti-
limitations of retrospective, LIS-based datasets. mation is not a single-step exclusion of extreme values. It requires
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Tukey-based outlier exclusion summary and final descriptive statistics for macrocytic red blood cell fraction, microcytic red blood
cell fraction, immature granulocyte percentage, and immature granulocyte count.

Parameters (unit) Sex/partition Outliers n (%) Included n (%) Median (Q1-@3)
MicroR Male 563 (6.05) 8746 (93.95) 1.8(1.2-2.7)
Female 1206 (7.48) 14,916 (92.52) 1.9 (1.2-3.1)
MacroR Male 15(0.16) 9294 (99.84) 4.3 (4.0-4.6)
Female 119 (0.74) 16,003 (99.26) 3.8 (3.6-4.1)
1G# (x10%/L) Male 283 (3.04) 9026 (96.96) 0.02 (0.01-0.03)
Female 1218 (7.55) 14,904 (92.45) 0.02 (0.01-0.02)
1G% (%) Male 478 (5.13) 8831 (94.87) 0.3 (0.2-0.4)
Female 366 (2.27) 15,756 (97.73) 0.3 (0.2-0.4)

Values are presented as median (Q1-Q3). Outliers were identified using the Tukey rule (1.5 x IQR); “outliers” and “included” denote the number (and percentage) excluded and retained for reference

interval estimation, respectively. Median (Q1-Q3) values were calculated after outlier exclusion.

|G# = immature granulocyte count, IG% = immature granulocyte percentage, IQR = interquartile range, MacroR = macrocytic red blood cell fraction, MicroR = microcytic red blood cell fraction, Q1 = 1st

quartile, Q3 = 3rd quartile.
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Figure 2. Distribution curves for (A) MicroR, (B) MacroR, (C) IG#, and (D) IG% in the final reference sample group after Tukey-based outlier exclusion. Sex-
specific curves are shown for males and females together with the combined distribution. The y-axis represents the percentage of the reference population
within each class interval. MicroR and MacroR are expressed as percentages, IG% as the percentage of leukocytes, and IG# as x 10%L. IG# = immature gran-
ulocyte count, IG% = immature granulocyte percentage, MacroR = macrocytic red blood cell fraction, MicroR = microcytic red blood cell fraction

consideration of population mixing, analytical stability, and dis-
tributional characteristics, and may involve filtering strategies,
transformation choices, or model-based separation of underlying
components.’ Classic graphical methods (e.g., Hoffmann and
Bhattacharya) and more recent model-based frameworks aim to
identify the non-pathological component from a mixed distribution,
but their performance can be sensitive to distributional assumptions

and the degree of population mixing. Given the typically skewed
distributions of MicroR/MacroR and IG indices in routine LIS data,
we prioritized nonparametric percentile estimation, which does not
require normality or transformation-dependent fitting. Therefore,
LIS-based datasets may reflect mixed populations, and small shifts
in central tendency can occur over time due to analytical factors such
as instrumentation, reagents, calibration, or lot-to-lot variation.!-!!l
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Table 3

Reference intervals (2.5th-97.5th percentiles) and 90% confidence intervals for the target extended complete blood count

parameters.

Parameters (unit) Sex/partition Reference interval (2.5th—97.5th) LRL (90% CI) URL (90% CI)

MicroR Combined 0.50-6.10 0.50-0.50 6.00-6.10

MacroR Male 3.60-5.20 3.60-3.60 5.20-5.20
Female 3.30-4.60 3.20-3.30 4.60-4.60

IG# (x10%L) Combined 0.01-0.04 0.01-0.01 0.04-0.04

1G% (%) Combined 0.10-0.60 0.10-0.10 0.60-0.60

Values are reported as the 2.5th and 97.5th percentiles. Two-sided 90% confidence intervals (Cls) for the lower and upper reference limits were estimated by bootstrap resampling (1000 iterations). “Sex/
partition” indicates whether pooled (“combined”) or sex-specific intervals were reported based on the Harris—Boyd assessment.
Bold values indicate the final study-derived reference intervals (2.5th—97.5th percentiles) reported for each parameter and sex/partition.

Cl = confidence interval, LRL = lower reference limit, URL = upper reference limit.

Abbreviations: Cl = confidence interval, IG# = immature granulocyte count, IG% = immature granulocyte percentage, LRL = lower reference limit, MacroR = macrocytic red blood cell fraction, MicroR

= microcytic red blood cell fraction, URL = upper reference limit.

To mitigate mixed-population effects inherent to LIS-based
indirect approaches, we applied a predefined CBC-based selection
workflow as detailed in the Section 2 and summarized in Figure 1,
yielding a large final reference sample group for deriving Rls for
the extended CBC parameters (MacroR, MicroR, 1G%, and
IG#) (n=25,431). In this setting, the nonparametric percentile
approach enabled estimation of reference limits without relying
on transformation assumptions. This pragmatic selection strategy
shares a similar objective with latent abnormal value exclusion
(LAVE) approaches,!*? which aim to reduce the influence of latent
abnormalities on derived intervals. However, we did not imple-
ment the iterative, index-based exclusion procedure used in LAVE.
Beyond the marked reduction in eligible sample size observed
during preliminary stricter filtering, our retrospective LIS dataset
did not include the broader, uniformly available clinical charac-
terization or questionnaire-based health information that enabled
LAVE application in direct cohort-based studies such as van Pelt
et al.l"?l In addition, Jones et al!'"” noted that LAVE has been used
in RI studies by the International Federation of Clinical Chemistry
and Laboratory Medicine Committee on Reference Intervals and
Decision Limits but has not been established in indirect pro-
cesses. Model-based separation approaches were also considered;
however, these methods depend on assumptions regarding latent
distribution components and may be difficult to justify for the
non-Gaussian, often right-skewed distributions of the target
extended CBC parameters in routine LIS data. During prelimi-
nary data exploration, stricter screening strategies incorporating
additional CBC indices and biochemical markers were also con-
sidered. However, these strategies were not adopted for the final
workflow because they markedly reduced the eligible dataset and
increased the risk of selection-by-indication bias. For example,
adding hematocrit, mean corpuscular volume, MCH, and MCHC
to the manufacturer RI-based CBC screening criteria reduced the
eligible dataset to 76 records. When concurrent availability of
a broader biochemical panel, including serum iron, total iron-
binding capacity, ferritin, vitamin B12, folate, C-reactive protein,
creatinine, and transferrin, was also required, only 5 records
remained. This reflected the nonuniform ordering of biochemical
tests in routine clinical practice and indicated that the expanded
strategy would over-restrict the reference-candidate population
rather than provide a feasible refinement. Therefore, we adopted
CBC-based screening together with nonparametric percentile esti-
mation as the primary strategy, while explicitly acknowledging
the residual possibility of mixed-population effects.

MicroR and MacroR provide a distribution-based description
of erythrocyte size that extends beyond conventional red cell indi-
ces. MicroR represents the fraction of RBCs smaller than 60 fL;
MacroR represents the fraction larger than 120 fL.13 In adults,
where the typical mean corpuscular volume Rl is approximately 80
to 96 fL, MicroR values are typically low in healthy adults and may
increase before overt shifts in mean indices become apparent.!'*!

Consistent with this concept, clinical guidance documents have
recommended the use of MicroR together with hypochromic indi-
ces (e.g., HYPO-He, % hypochromic RBCs) for identifying iron
deficiency, based on the premise that iron-restricted erythropoiesis
manifests 1st as an increased proportion of microcytic and hypo-
chromic cells even when routine indices remain within reference
limits." In parallel, MacroR captures the burden of markedly
enlarged erythrocytes and may be informative in disorders charac-
terized by macrocytosis, thereby providing a complementary per-
spective on RBC size heterogeneity in routine practice.*’!

IG indices have gained interest as readily available markers of
acute myeloid activation in routine CBC reporting. On automated
hematology analyzers, the left shift can be quantified using the IG#,
which reflects the absolute number of circulating IGs, predomi-
nantly promyelocytes, myelocytes, and metamyelocytes.!') This
fraction is thought to mirror early bone marrow activation during
infection and has therefore been investigated as an adjunct marker
in sepsis and other inflammatory states."s! However, the need for
locally verified reference limits'”! and the mixed-population nature
of LIS-based real-world datasets with frequently right-skewed dis-
tributions!®'Y can complicate interpretation in routine practice. In
this context, the pooled IG Rls derived in the present study may
provide pragmatic thresholds for routine reporting and improve
comparability across future investigations on the same analyti-
cal platform. However, because diagnoses, medication use, and
questionnaire-based health information were not uniformly avail-
able in this retrospective LIS-based dataset, these pooled IG Rls
should be interpreted with the understanding that inflammatory or
infectious conditions could not be fully excluded at the individual
level. This consideration is also relevant to the sensitivity analysis, in
which the upper reference limits for IG% and IG# increased when
Tukey-flagged extreme values were retained. Because IG distribu-
tions are right-skewed and may be influenced by a small number of
individuals with subclinical or unrecognized inflammatory or infec-
tious conditions, IG values close to the upper reference limit should
be interpreted together with clinical context and other hematologic
or inflammatory findings rather than as isolated decision points.

Laboratory information system (LIS) data from a tertiary-
care university hospital inherently reflect a heterogeneous
population. Nevertheless, using the selection workflow summarized
in Figure 1, sex-specific median values of routine CBC parameters
in the final reference sample group fell within the manufacturer-
provided Rls for all screening indices except MCHC. The observed
MCHC difference was consistent with Sysmex XN RI reports in
which MCHC limits tend to be higher than the manufacturer’s sug-
gested ranges,>!? indicating that manufacturer limits for this param-
eter may be comparatively low. Taken together, these findings suggest
that the applied selection workflow yielded a pragmatic outpatient
reference-candidate dataset for indirect RI estimation of extended
CBC parameters, although residual mixed-population effects can-
not be excluded.
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Against this background, we compared our Rls for the
extended CBC parameters with those reported in Sysmex
XN-based studies and manufacturer-provided ranges, focus-
ing on MicroR, MacroR, and IG indices (Supplemental Digital
Content 1). Overall, our estimates followed the platform-
specific patterns observed across XN cohorts. For IG#, our pooled
interval (0.01-0.04 x 10°/L) overlapped manufacturer ranges and
was close to values reported in other datasets, while IG% lim-
its were also comparable across studies (Supplemental Digital
Content 1). A multicenter adult study on Sysmex XN analyzers
also reported pooled IG RIs of 0.01 to 0.05 x 10°/L for IG# and
0.0% to 0.8% for 1G%, illustrating that IG limits can vary across
populations and study designs."® For MicroR, the lower limit was
consistent across reports, whereas the upper limit in our cohort
was higher than some studies and closer to that reported by Park
et al,l'”! which may reflect differences in population selection and
residual mixed-population effects inherent to real-world LIS data.
MacroR intervals were within the range of published XN data-
sets, and sex-specific reporting in our study was consistent with
between-sex differences observed in other cohorts.

Finally, RIs should be interpreted in the context of both pop-
ulation definition and analytical comparability across centers,
including calibration alignment and ongoing quality assurance.
Published Sysmex XN studies suggest that manufacturer limits
may be unavailable for some extended parameters or may not
fully capture population-specific distributions, underscoring the
need for local verification and population-appropriate interpre-
tation. RIs derived by indirect methods reflect the distribution
of values in a pragmatically selected reference-candidate popula-
tion, and the strategy used to define that population can mean-
ingfully influence the resulting limits.

5. Conclusion

We derived local Rls for MicroR, MacroR, 1G%, and IG# on
the Sysmex XN-1000 from a large tertiary-care LIS cohort.
MicroR and IG indices were appropriately reported as pooled
intervals, whereas MacroR required sex-specific reporting. These
estimates aligned with published XN-based reports and pro-
vide practical local benchmarks for routine interpretation on
this analytical platform, particularly for extended parameters
lacking manufacturer-provided limits or showing population-
dependent variation.

5.1. Limitations

This study has some limitations. First, it was a single-center,
retrospective analysis based on routine laboratory information
system data, and the derived intervals may therefore reflect
local population characteristics, test-ordering patterns, and
local laboratory practice. Second, individual health status could
not be clinically verified for each record because diagnoses,
medication use, and questionnaire-based health information
were not uniformly available. As a result, residual inclusion
of individuals with subclinical, undiagnosed, treated, or non-
hematologic conditions may have influenced the observed dis-
tributions despite CBC-based screening and outlier review. This
limitation is particularly relevant for IG parameters, which
may be affected by inflammatory or infectious conditions not
identifiable from CBC-based filtering alone. Third, screening
based on manufacturer-provided Rls for routine CBC param-
eters may have reduced overt abnormalities but may also have
constrained variability and may not fully eliminate selection
bias inherent to indirect approaches. In addition, IG% val-
ues in our laboratory information system were reported in
0.1% increments, which may limit the apparent precision of
percentile-based limits. Finally, these intervals are specific to the
Sysmex XN-1000 and local laboratory procedures, and exter-
nal validation in other centers is needed before broader use.
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