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Abstract: Although seasonal variation in high-sensitivity C-reactive protein (hsCRP) has been
studied cross-sectionally and longitudinally, the results to date have been mixed. Here, to test sea-
sonal variation in this compound with regard to within-subject, inter-day variation, we conducted
a longitudinal follow-up study with repeated measurements in Japanese workers with low hsCRP.
Blood samples were obtained from four male indoor daytime workers, who were aged 32-57 and

commuted to offices in Kawasaki City, on six days within 2-wk windows in February and October,

2008. Serum hsCRP was measured using ultrasensitive latex-enhanced immunonephelometry.
Among the subjects with detectable levels of hsCRP, individual median serum hsCRP levels were
38-74% higher in October than in February (p=0.03). This study identified the presence of a sea-
sonal variation in the serum hsCRP level of Japanese workers with low hsCRP levels.
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High-sensitivity C-reactive protein (hsCRP), a reli-
able and cost-effective marker of systemic inflammation,
is now used to evaluate the effects of work-related risk
factors, including job stress and toxic chemicals"”. In
prospective studies, higher circulating levels of hsCRP
have been associated with an increased risk of future
cardiovascular diseases, such as coronary heart disease,
stroke and myocardial infarction®¥. Shift work is also as-
sociated with an increased risk of cardiovascular disease”.
In Japan excess working hours are a big issue because
more than one hundred cases of “Karoshi”, death from
stroke or cardiovascular disease related to overwork, are
newly registered each year. Accordingly, the measurement
of hsCRP in serum obtained from workers would be use-
ful for protecting against occupationally related stroke or
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cardiovascular diseases. However, before using the serum
level of hsCRP as an index of the risk, we have to evaluate
the factors which cause fluctuations in its level. In this
study we focused on seasonal variation.

Some researchers have suspected the presence of
seasonal variation in serum hsCRP levels®. Nevertheless,
results of cross-sectional and longitudinal studies examin-
ing patterns of seasonal time-specific variation have been
mixed®”. The cross-sectional designs were critically
limited in that they compared hsCRP levels among differ-
ent subjects in each season and few longitudinal studies of
seasonal variation have been conducted® '*'?. Moreover,
few data are available on the magnitude of hsCRP’s short-
term within-subject inter-day variability'”, while none are
available on the significance of seasonal differences vis-
a-vis intra-individual inter-day variation. Because time-
dependent variations in serum hsCRP, including seasonal
fluctuation and daily variation, may incorrectly predict
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worker cardiovascular risk, subsequent misclassification

might dilute or bias associations observed in occupational

epidemiologic studies. The levels of hsCRP in the Japa-
. 14) .

nese population ™ are much lower than those in many

other countries, such as the United States"

. Accordingly,
seasonal variation has to be estimated more carefully, and
with controls for inter-day variability. In addition, no data
are available on seasonal variation in serum hsCRP in
Japanese workers.

Here, to examine seasonal variation in serum hsCRP in
consideration of within-subject inter-day variability, we
conducted a longitudinal follow-up study with repeated
measurements of serum hsCRP concentration in healthy
Japanese workers with lower hsCRP levels.

Apparently healthy male workers who commuted to
Kawasaki City, Kanagawa Prefecture, which is adjacent to
Tokyo, and were without exposure to specific hazardous
factors were eligible for participation. Subjects were indoor
daytime office workers who were not taking cholesterol-
lowering medications; had not been diagnosed with heart
disease, cerebrovascular disease, or cancer; were free from
other life-threatening illnesses; and were not current smok-
ers. Non-fasting venous blood samples were obtained from
each participant, mainly in the morning at 10-11 a.m., on
6 different days within 2-wk windows in February and Oc-
tober 2008. Sampling was conducted such that it was bal-
anced over a week. Four male workers who completed all
twelve visits were included in the analyses. Demographic
and health information data were collected using self-
administered questionnaires. Each participant provided their
signed informed consent to participation, and the protocol
was approved by the Institutional Review Board of the
National Institute of Occupational Safety and Health, Japan.

Blood samples were drawn into Venoject II plastic
tubes (Terumo, Tokyo, Japan) which contained fine glass
particles and acrylic resin gel. Serum was separated by
centrifugation and frozen immediately after blood with-
drawal, then stored at —80°C until analysis. Serum hsCRP
was measured using ultrasensitive latex-enhanced immu-
nonephelometry on a BN II nephelometer (Dade Behring,
Tokyo, Japan) and a reagent, N-Latex CRP II (Siemens
Healthcare Diagnostics K.K., Tokyo, Japan) with a lower
limit of detection (LOD) of 0.004 mg/dl in a commercial
laboratory, Mitsubishi Chemical Medience Corporation
(Tokyo, Japan). For quality control, pooled serum samples
from volunteers were divided into aliquots and simultane-
ously analyzed in parallel with each analysis conducted
in each season by laboratory analysts who were blinded
to the control sample status. Intra-assay CVs for serum
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hsCRP were 2.9% (mean 0.0152 mg/dl, n=5) and 6.3%
(mean 0.016 mg/dl, n=3) for each season. There was no
seasonal difference between these two means (p=0.22).

For calculation of basic statistics, serum hsCRP con-
centrations below the LOD were assigned a value equal to
half the LOD, but such subjects without detectable serum
hsCRP levels were excluded from the following analyses.
Basic characteristics of the subjects were compared by
season using Welch’s paired ¢ test. Seasonal differences in
hsCRP were quantitatively analyzed in consideration of
short-term inter-day variation as follows: serum hsCRP
levels in each month were compared using the Wilcoxon
rank sum test and the difference of subject averages (me-
dians) of serum hsCRP for each subject in the two seasons
was tested using the Welch’s paired ¢ test or Wilcoxon
signed rank test. All statistical analyses and box plots of
data were performed using the statistical analysis software
R, version 2.9.0 (R Development Core Team, 2009) and
the spreadsheet software Excel, version 2003 (Microsoft
Corporation, Redmond, WA). All p-values were two-sided
and significance was accepted at values of p<0.05.

All hsCRP values were within the low range (<0.1 mg/
dl). Eleven of 12 serum samples derived from Subject
A had no detectable level of hsCRP (<0.004 mg/dl). The
basic characteristics of subjects in February and October
2008 are summarized in Table 1. The participants’ age
range was 32-57 yr. The gender of all participants was
male. Anthropometric data showed no significant seasonal
changes, but white blood cell count showed a marked sea-
sonal variation (Table 1). Overall mean serum hsCRP was
24% higher in October than in February.

Figure 1 shows the seasonal difference and inter-day
variation in serum hsCRP. A significant intra-individual
seasonal difference in serum hsCRP level was found
in Subject B (p=0.005), whereas the differences were
insignificant in Subjects C and D (p=0.31 and 0.24, re-
spectively) according to Wilcoxon’s rank sum test. Among
the three subjects with detectable levels of serum hsCRP,
we found a 38-74% relative increase in median serum
hsCRP levels in October compared to February. Using the
subject averages (medians) of hsCRP in each season, the
seasonal difference was insignificant according to Wil-
coxon’s signed rank test (p=0.25) but significant according
to Welch’s paired ¢ test (p=0.03). Within-subject inter-day
CVs in serum hsCRP ranged from 10 to 84% (mean 35%),
except in Subject A. These values were much larger than
the analytical CVs (2.9% and 6.3%).

Their results show that the amplitude of seasonal varia-
tion in serum hsCRP was large, even in Japanese workers
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Table 1. Basic characteristics of subjects in February and October, 2008

February

October

HITOH et al.

Variable mean (SD) mean (SD) p-value
Age [yr] 43.0 (11.6) 43.5(11.1) 0.18
Body mass index [kg/m’] 22.8 (4.5) 22.6 (4.6) 0.29
Average sleeping time [h]™* 5.55(0.70) 5.83 (0.93) 0.35
Serum hsCRP (overall mean) [mg/d1]™ 0.023 0.029 0.03
White blood cell count (overall mean) [pl ']’ 5,958 5,704 0.02
Mean daily outdoor temperature [°C]’ 5.4 13.0 -

* Welch’s paired 7 test (two-sided).

'n=6 for each subject in each month. Statistical tests were performed using subject averages.

“Individual sleeping time was calculated from self-reported bedtime and hour of rising.

‘Subject A was excluded from statistical tests of hsCRP because of inadequate detection frequency.

‘Observed in Yokohama City, Kanagawa Prefecture [Japan Meteorological Agency (2008)

Climate Statistics. http://www.data.jma.go.jp/obd/stats/etrn/view/monthly s3 en.php?block

n0=47670&view=1. Accessed July 29, 2009].
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Fig. 1. Within-subject inter-day variation and seasonality of serum
hsCRP.

The bold horizontal line represents the median of the distribution; the
values above and below this line are divided into quartiles by horizontal
lines (the hinges of the box) are the two quartiles nearer the midpoint.
When serum hsCRP was below the LOD, a value equal to half of the
LOD was assigned.

with low hsCRP, in terms of both within-subject inter-
day variability and analytic variation. Levels of hsCRP in
October were significantly higher than those in February
according to Welch’s paired ¢ tests.

Our findings add to the growing body of evidence docu-
menting seasonal variation in circulating hsCRP levels®”.
Importantly, our study provides the first data on seasonal

variation in serum hsCRP in Japanese office workers,
whose mean hsCRP level is lower than that of other

cthnicities'”

. Our finding that serum hsCRP levels were
higher in October than February are consistent with those
of the most recent and hitherto largest longitudinal study®,
which showed that serum hsCRP peaked in November

in both men and women®

, as well as those of the largest
and most recent cross-sectional study, which showed a
marginal peak in September”. Other longitudinal studies
%10 "or no statistically

. . « . 12 . . . .
significant variation ) This apparent inconsistency in peak

have shown a peak in late winter

month might be due to differences among the countries in
which the studies were conducted.

The biological relevance of seasonal variation in hsCRP
is uncertain but may reflect a physiological response to
changes in daylight hours or indoor or outdoor tempera-
ture”. Seasonal variations in physical activity may also
contribute to the seasonal variations observed”.

Although circulating hsCRP level has been used in a

number of epidemiologic studies® "

, not all of these took
account of seasonal variation in hsCRP in their design. If
measurement error was one-sided (e.g. blood samples from
cases were collected particularly in the fall), the resulting
differential misclassification might fail to identify actual
associations. Etiological evaluation might be more ap-
propriate if blood is collected from all subjects in the same
specific month. Alternatively, case subjects might need to
be individually matched with controls not only by age and
gender, but also by the month of blood withdrawal. At the
very least, the presence of seasonal fluctuation in hsCRP
data should be monitored.

Our study has several strengths. First, it had a longitu-
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dinal design with an adequate number of repeated hsCRP
measures per subject in each season (n=6, respectively),
which enabled within-subject statistical testing between
seasons and more reliable estimation of subject averages
in each month. Although repeated measurements of hsCRP
has been recommended on account of its short term vari-
ability'”, even the largest longitudinal study to date used
only single measurements in each season®. Second, our
present longitudinal design with seasonal comparison
of serum hsCRP on an intra-individual basis obviated
confounding by known and unknown covariates such as
anthropometric factors and unmeasured confounders.

Several limitations of the study also warrant mention.
First, examinations were made only in October and Febru-
ary, and these two months might not correspond to the
respective peak and nadir of circannual fluctuation in serum
hsCRP. If so, the resulting smaller difference in serum
hsCRP may have caused the null results of statistical tests
in two subjects (Subject C and D). An additional limitation
is the very small number of subjects. Serial measurements
may not always guarantee that unknown factors affecting
a subject have an important influence on final results. The
generalizability of our results might be restricted to similar
worker groups, although the peak season of hsCRP in the
present study is at least similar to that reported in the previ-
ous largest longitudinal and cross-sectional studies®”. In
future studies, additional measurements of other basic
inflammatory markers (erythrocyte sedimentation rate, fi-
brinogen, ...) may help to explain the results. Additionally,
taking more than 100 subjects and refining the design and
methodology will improve the validity of the results.

In conclusion, our study, conducted with consideration
of within-subject inter-day variability, identified the pres-
ence of a seasonal variation in serum hsCRP in workers
living in Japan. Further research is needed to confirm the
pattern of seasonal time-dependent variation of hsCRP in
various populations.
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