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Twenty-Four-Hour
Biological Variation
Profiles of Cardiac
Troponin I in Individuals
with or without Chronic
Kidney Disease

To the Editor:

The interpretation of cardiac troponin
concentrations at presentation and
their dynamics over time is a key as-
pect in the diagnostic workup of acute
myocardial infarction in the absence
of characteristic electrocardiogram
abnormalities. The present biological
variation study sought to examine and
compare the hour-to-hour biological
variation in cardiac troponin I (cTnI)
over 24 h in individuals with and
without chronic kidney disease
(CKD).1 This study was carried
out according to the principles of
the Declaration of Helsinki and ap-
proved by the Institutional Review
Board and Ethics Committee of Maas-
tricht University Medical Center
(clinicaltrials.gov: NCT02091427 and
NCT02210897). All participants pro-
vided written informed consent.

From 8:30 AM until 9:30 AM
the next day, 20 individuals with clin-
ically stable CKD stage 3 or higher (es-
timated glomerular filtration rate
(eGFR) �59 mL � min�1 � 1.73 m�2)
and 20 individuals without CKD
were restricted to the laboratory envi-
ronment. All individuals were of Cau-
casian ethnicity. Every hour during
24 h, from 10:30 AM until 9:30 AM
the next day, plasma samples
were collected from an antecubital ve-
nous catheter. cTnI (hs-cTnI: LoD
1.1–1.9 ng/L, 10%-CV at 4.7 ng/L,
99th percentile 26.2 ng/L [CV �
5%]) was determined in duplicate on
the Abbott Architect (Abbott Diag-
nostics; information based on product

insert). Baseline concentrations were
compared with use of the Mann–
Whitney U-test. Outliers were de-
tected by the methods of Cochran
(analytical and within-subject) and
Reed (between-subject). Two-fold
nested ANOVA was used to calculate
the coefficients of variation on
between-subject (CVG), within-
subject (CVI), and analytical (CVA)
levels, including 95% confidence in-
tervals (1, 2). In addition, we calcu-
lated the reference change value and
the index of individuality (2, 3).
eGFR was calculated by use of the
Chronic Kidney Disease Epidemiol-
ogy Collaboration formula and con-
centrations of plasma creatinine and
cystatin C.

After exclusion of 4 individuals
(1 person had no measurable con-
centrations of cTnI, another indi-
vidual became sick during the test
day, and 2 others were identified as
outliers and therefore were excluded
from further analyses), 36 individu-
als, 18 with CKD (14 male and 4
female; median [IQR] age 67 [59–
75] years; median [IQR] eGFR 17
[14–25] mL � min�1 � 1.73 m�2)
and 18 without CKD (15 male and
3 female; median [IQR] age 76 [68–
78] years; median [IQR] eGFR 71
[60–80] mL � min�1 � 1.73 m�2),
were included in the final data anal-
ysis. The eGFR varied �5% over
the day. Baseline cTnI concentra-
tions were higher in individuals with
CKD than those without CKD (me-
dian [IQR] 6.8 [3.5–9.2] ng/L vs
median [IQR] 4.7 [2.8–6.9] ng/L;
P � 0.09). In line with previous ob-
servations, cTnI concentrations fluc-
tuated randomly over the day and ex-
hibited no diurnal rhythm (4). The
variation components (1 h, 3 h, and
6 h) are presented in Table 1.

We report 4 major findings:
First, cTnI concentrations vary ran-
domly over the day, with a constant
CVI (8%–9%) for all time intervals.
This is in contrast with the previ-
ously reported diurnal rhythm of
troponin T (4, 5 ). Second, CVI was
not found to be significantly differ-

ent between individuals with and
without CKD. This is in line with
the claim that for a majority of ana-
lytes CVI values are of the same mag-
nitude in health and stable disease
(2 ). Third, we identified substantial
variation between individuals and
a low index of individuality. This
emphasizes the high variability of
cardiac troponin I between indi-
viduals. As a direct consequence,
population-based reference inter-
vals will be of limited utility, and
the importance of using �-change
values for diagnosis is increased.
Fourth, we showed that the CVA is
significantly higher in individuals
without CKD than in those with
CKD (10% vs 6%). This can be
explained by the concentration de-
pendency of the CVA, for which
analytical variation is less with in-
creasing concentrations. Potential
limitations of our study merit atten-
tion: Men were overrepresented in
this study, and the relatively low
number of women precluded a sex-
stratified analysis. Only one tro-
ponin I assay was used, which
limits generalizability to other tro-
ponin I assays.

In conclusion, we show that the
biological variation of cTnI remains
constant over the day and is similar
in individuals with or without CKD.
Unlike troponin T, troponin I has no
diurnal rhythm.
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Single-Stranded DNA
Library Preparation Does
Not Preferentially Enrich
Circulating Tumor DNA

To the Editor:

Recent studies have demonstrated
that the fragment size of circulating
tumor DNA (ctDNA) is shorter than
normal cell-free DNA (cfDNA)1

(1, 2). As the most common ctDNA
fragment lengths were between 134
bp and 144 bp, whereas the modal
cfDNA fragment length was 167 bp
(2), it was suggested that the enrich-
ment of shorter plasma fragments
might improve analysis of ctDNA.

© 2017 American Association for Clinical Chemistry
1 Nonstandard abbreviations: cfDNA, cell-free DNA;

ssDNA, single-stranded DNA; dsDNA, double-stranded
DNA.

Table 1. Hour-to-hour biological variation in individuals with or without chronic kidney disease.

1-h 3-hc 6-hd

No CKD
n = 18

CKD
n = 18

No CKD
n = 18

CKD
n = 18

No CKD
n = 18

CKD
n = 18

Variance components

CVG 49.4 (37.1–74.2) 62.4 (46.8–93.5) 48.0 (35.9–71.1) 61.6 (46.2–92.4) 48.6 (36.2–73.1) 61.6 (46.1–92.5)

CVI 8.6 (7.6–9.7) 7.7 (7.1–8.4) 9.4 (7.6–11.5) 8.7 (7.510.2) 9.2 (6.2–12.4) 8.9 (7.1–11.3)

CVA
a 10.0 (9.4–10.8) 5.6 (5.2–6.0) 9.9 (8.8–11.2) 5.6 (5.0–6.3) 10.1 (8.7–12.1) 5.9 (5.0–7.0)

RCVb

Normal 36.7 26.4 37.9 28.6 37.5 29.5

Log-normale −30.6; 44.0 −23.16; 30.15 −31.4; 45.8 −24.8; 33.0 −31.4; 45.7 −25.5; 34.2

Index of individuality 0.27 0.15 0.28 0.17 0.28 0.17

a On the basis of duplicate measurements.
b on the basis of a Z-score of 1.96.
c 3-h intervals: 10:30 AM–1:30 PM, 1:30 PM– 4:30 PM, 4:30 PM–7:30 PM, 7:30 PM–10:30 PM, 1:30 AM– 4:30 AM, and 4:30 AM–7:30 AM.
d 6-h intervals: 10:30 AM– 4:30 PM, 4:30 PM–10:30 PM, and 10:30 PM– 4:30 AM.
e Owing to the non-normally distributed nature of cardiac troponin I concentrations, log-normal RCVs may possess better biological plausibility.

Values are % (95% CI); CI = confidence interval; CVA = analytical coefficient of variation; CVG = between-subject coefficient of variation; CVI = within-subject biological coefficient
of variation; RCV = reference change value.
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