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Background: The units and unit sizes of quantitative test results vary between laboratories and have not yet been standardized or harmonized in
most cases. This study aimed to investigate the current status of units and unit sizes of clinical chemistry in Korea and propose standardized ones.
Methods: The Korean Association of External Quality Assessment Service and College of American Pathologists survey data and textbooks (Tietz
6th ed. and Henry 24th ed.) were reviewed. Members of the Korean Society of Clinical Chemistry were surveyed on 99 items using an online sur-
vey platform, and a total of 99 institutions responded. For some items, simulations were conducted for standardized unit size proposals.

Results: The units were consistent in all four references for a total of 54 items (54.5%), whereas, the unit sizes were consistent for 28 items
(28.3%). In the questionnaire, 93 items (93.9%) accounted for more than 80% of institutions utilizing the most frequently used unit but only 30
items (30.3%) for unit sizes. As a result of the simulation for the number of digits proposal, it was found that the number of digits currently in use
was acceptable for all three participating laboratories.

Conclusions: To the best of our knowledge, this is the first study to investigate the current situation and simulation of the units and unit sizes in
clinical chemistry in Korea through a literature review. These data are expected to be used as a basis for the setting of units and unit sizes for re-
porting quantitative test results in the future.
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Table 2. Results of reporting units and unit sizes from the domestic ques- Table 2. Continued
tionnaire survey - —
Unit Unit size
Unit Unit size Analyte | Frequen- / Frequen-
Analyte e Frequen- i Frequen- cy (%) cy (%)
cy (%) cy (%) Immunoglobulin A mg/dL 100 1 69
25-0H vitamin D, total ng/mL 99 0.1 50 Immunoglobulin G mg/dL 100 1 Al
Adenosine deaminase UL 100 0.1 66 Immunoglobulin M mg/dL 100 1 67
Adrenocorticotropic hormone pg/mL 98 0.1 46 Insulin ulUfmL 79 0.1 51
Alanine aminotransferase UL 100 1 98 Insulin-like growth factor 1 ng/mL 97 0.1 70
Albumin gldL 99 0.1 91 Fe (iron) pg/fdL 100 1 91
Alkaline phosphatase IU/L 100 1 97 K (potassium) mmol/L 100 0.1 88
Alpha-fetoprotein ng/mL 98 001 51 Lactate dehydrogenase /L 98 1 96
Ammonia pmol/L 40 1 82 LDL cholesterol, calculated mg/dL 99 1 89
Amylase u/L 100 1 94 LDL cholesterol, measured mg/dL 100 1 93
Antimicrosomal antibody 1U/mL 94 0.1 61 Lipase UL 100 1 84
Anti-mullerian hormone ng/mL 98 001 73 Lipoprotein(a) mg/dL 81 0.1 55
Anti-thyroglobulin antibody 1UfmL 97 0.1 56 Luteinizing hormone miU/mL 96 001 57
Apolipoprotein A1 mg/dL 100 1 61 Mg (magnesium) mg/dL 92 0.1 64
Apolipoprotein B mg/dL 100 1 65 Na (sodium) mmol/L 100 1 84
Aspartate aminotransferase UL 100 1 98 Neuron specific enolase ng/mL 100 0.1 66
Bilirubin, direct mg/dL 100 01 52 NGAL ng/mL 97 1 49
Bilirubin, total mg/dL 100 01 56 NT-proBNP pg/mL 100 1 42
Blood urea nitrogen mg/dL 100 0.1 68 P2PSA pg/mL 9% 001 64
B-type natriuretic peptide pg/mL 100 o1 45 Parathyroid hormone (intact) pg/mL 100 0.1 61
CA 125 UfmL 100 o1 65 Phosphorus mg/dL 98 0.1 91
CA 15-3 UmL 100 01 64 PIVKA I mAU/mL 100 1 50
CA 19-9 UjmL 99 01 48 Procalcitonin ng/mL 99 0.01 60
Carcinoembryonic antigen ng/mL 100 0.01 49 Prolactin ng/mL 100 001 64
Chioride o) 100 1 85 Prostate health index % 84 0.1 48
CK-MB ngimL 9 001 P PSA, free ng/mL 100 0.01 61
Complement C3 mg/dL 100 1 56 PSA, free (%) %o %3 001 o
PSA, total ng/mL 100 0.01 53
Complement C4 mg/dL 100 1 53 -
Cortisol ugldL - e . Rheum?t0|d factor U/mL 99 0.1 56
Copeptide gl % w0l 6 ROMA index % 9% 0.1 80
: . SCC antigen ng/mL 100 0.1 68
C—react?ve prote!n . o mg/dL 87 001 52 Testosterone nglmL 95 001 0
C—realctlvel protein (high-sensitivity) mg/dL 78 0.01 42 T e 100 001 56
Creatine kinase 1U/L 100 1 92 Thyroxine, free ngldL 99 001 8
Creatinine mg/d 9 001 8 Thyroxine, total ug/dL 99 0.01 49
Cystatin C mg/L 99 001 82 TIRC ugfdL 99 1 9%
Estradiol pg/mlL 100 01 52 Total calcium mg/dL 100 0.1 90
Ferritin ng/mL 100 0.1 49 Total cholesterol mg/dL 100 1 94
Folic acid ng/mL 99 0.01 54 Total CO, mmol/L 92 01 54
Follicle-stimulating hormone mlU/mL 96 0.01 53 Total hCG miU/mL 99 0.1 62
Gamma-glutamyl transferase 1U/L 100 1 95 Total protein gldL 99 0.1 91
Glucose mofdL 99 1 96 Triglyceride mg/dL 99 1 92
Glycated albumin % 100 0.1 75 Triiodothyronine ng/dL 60 0.01 64
HbA1c-eAG mg/dL 96 1 70 Troponin |, conventional ng/mL 79 001 58
HbATc-IFCC mmol/mol 98 1 64 Troponin I, high-sensitivity ng/mL 52 0.01 43
HbA1c-NGSP % 100 0.1 93 Troponin T, high-sensitivity ng/mL 85 0 68
HDL cholesterol mg/dL 100 1 94 TSH ulUfmL 94 0.01 54
Homocysteine umol/L 100 0.1 52 TSH receptor antibody IU/L 98 001 Ul
Human epididymis protein 4 pmol/L 100 0.1 63 UIBC pg/dL 99 1 89
Human growth hormone ng/mL 97 0.01 74 Uric acid mg/dL 99 0.1 93
IgE, total IU/mL 87 0.1 59 Vitamin B12 pg/mL 98 1 66
(Continued to the next) See Table 1 for abbreviations.
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Table 3. Raw data of total bilirubin and total prostate-specific antigen (PSA) results from three participating laboratories to determine significant
figure reporting units

Replicate Lab #1 Lab #2 Lab #3
Analyte
Laboratory Low High Low High Low High
Total bilirubin 1 0.98 3.71 0.459 6.653 0.68 7.01
(mg/dL) 2 103 3.72 0453 6.599 070 7.00
3 0.99 3.60 0.445 6.731 0.69 6.89
4 097 3.63 0.470 6.783 0.70 6.78
5 1.00 3.60 0.422 6.637 0.68 6.89
6 1.00 3.70 0.424 6.592 0.69 6.95
7 0.98 3.61 0.452 6.773 0.69 7.01
8 1.00 3.74 0.459 6.891 0.69 7.00
9 1.00 3.66 0.440 6.796 0.69 7.10
10 1.02 3.64 0.440 6.711 0.69 6.97
" 0.96 3.73 0.458 6.733 0.71 6.94
12 1.05 3.64 0.462 6.561 0.70 707
13 1.02 3.79 0.424 6.541 0.71 7.16
14 1.02 3.76 0.421 6.669 0.69 6.98
15 097 3.57 0.418 6.651 0.69 7.03
16 1.01 3.70 0.445 6.667 0.70 6.94
17 1.00 3.68 0.434 6.632 0.69 6.98
18 1.02 379 0.392 6.605 0.69 7.02
19 097 3.79 0.443 6.773 0.68 7.01
20 1.01 3.86 0.438 6.721 0.69 6.98
c 0.060 0.230 0.019 0.101 0.020 0.120
S 0.02328 0.06766 0.01895 0.08925 0.00793 0.07882
b 0.01164 0.03383 0.00947 0.04463 0.00396 0.03941
a 0.01 0.01 0.001 0.01 0.001 0.01
u 0.01 0.01 0.001 0.001 0.01 0.01
b 3.01016 1.73054 19.894875 15.61867 3.14377 8.62896
Verification Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable
Judgment Available Available Available Adjustment required Expandable Available
Final recommendation 0.01 001 001
Total PSA (ng/mL) 1 0.90 20.37 407 39.50 0.10 433
2 0.83 21.37 4.12 40.50 0.10 427
3 0.80 21.50 4.06 39.80 0.1 4.44
4 0.81 19.74 4.12 40.00 0.09 426
5 0.80 20.30 4.10 40.00 0.10 437
6 091 19.45 4.10 39.90 0.10 4.47
7 0.83 2124 412 40.10 0.09 452
8 0.80 20.24 414 40.50 0.10 4.42
9 0.90 19.84 413 40.80 0.10 4.29
10 0.81 21.09 4.14 40.30 0.10 4.47
" 0.80 19.65 4.10 39.30 0.1 4.45
12 0.79 20.50 41 40.70 0.1 4.49
13 0.77 19.12 4.06 39.90 0.10 428
14 0.78 20.22 412 40.40 on 453
15 0.81 21.62 409 39.80 0.10 445
16 0.78 20.30 4.13 40.30 0.10 451
17 0.79 19.12 4.09 40.70 0.09 4.52
18 0.81 20.84 4.15 41.30 0.10 435
19 0.82 19.87 4.10 40.80 0.1 4.45

(Continued to the next page)
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Table 3. Continued

Replicate Lab #1 Lab #2 Lab #3
Analyte

Laboratory Low High Low High Low High
20 0.81 20.06 412 40.90 0.10 424
o 0.07 1.69 0.29 2.82 0.01 0.25

0.04008 0.75383 0.02546 0.48809 0.00557 0.09025

b 0.02004 0.37692 0.01273 0.24404 0.00278 0.04512
a 0.01 0.1 0.01 0.1 0.001 0.01
u 0.01 0.01 0.01 0.01 0.01 0.01
v 6.55549 3.97932 0.15630 0.59913 6.20166 2.60632

Verification Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable

Judgment Available  Adjustment required Available Adjustment required Expandable Available

Final recommendation 0.1 0.1 0.01

o is the claimed standard deviation (SD) by the manufacturer, and sis the calculated SD determined by 20 replicates.
b is the upper boundary of the rounding interval (a) and calculated as s/2. Moreover, ais the largest decimal unit (e.g,, 1, 0.1,0.001, etc.), which does not exceed the b,

uis the currently used decimal unit by each laboratory.
1 =(s*R)|a* (R: the number of replicates (= 20))

ais verified as "acceptable” when ¥*<31.4 (31.4 is the 95% cutoff value for 20 degrees of freedom).

Judgment: available (a= u), expandable (a< u), and adjustment required (a> u).

Final recommendation: It suggests the largest decimal unit that satisfies all conditions by comparing the rounding intervals determined by the replicate results of low and

high concentration samples.
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