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BACKGROUND: Cross-sectional studies have reported
seasonal variation in high-sensitivity C-reactive pro-
tein (hsCRP). However, longitudinal data are lacking.

METHODS: We collected data on diet, physical activity,
psychosocial factors, physiology, and anthropometric
measurements from 534 healthy adults (mean age 48
years, 48.5% women, 87% white) at quarterly intervals
over a 1-year period between 1994 and 1998. Using
sinusoidal regression models, we estimated peak-to-
trough amplitude and phase of the peaks.

RESULTS: At baseline, average hsCRP was 1.72 mg/L
(men, 1.75 mg/L; women, 1.68 mg/L). Overall seasonal
variation amplitude was 0.16 mg/L (95% CI 0.02 to
0.30) and was lower in men (0.10 mg/L, 95% CI �0.11
to 0.31) than in women (0.23 mg/L, 95% CI 0.04 to
0.42). In both sexes, hsCRP peaked in November,
with a corresponding trough in May. Relative plasma
volume, waist and hip circumference, diastolic blood
pressure, and depression scores were major factors as-
sociated with changes in amplitude of seasonal varia-
tion of hsCRP, and taken together explain most of
the observed seasonal change. There was a 20% in-
crease in the percentage of participants classified in the
high-risk category for hsCRP (�3 mg/L) during late
fall and early winter compared with late spring and
early summer.

CONCLUSIONS: Concentrations of hsCRP were modestly
increased in fall and winter compared to summer, with
greater seasonal amplitude of variation observed in
women. Conventional classification methods fail to
consider seasonality in hsCRP and may result in sub-
stantial misclassifications in the spring and fall. Future

clinical practice and research should take these varia-
tions into account.
© 2008 American Association for Clinical Chemistry

Epidemiologic, experimental, and clinical evidence
supports a relationship between inflammatory pro-
cesses and atherogenesis (1–3 ), diabetes (4 ), and can-
cer (5 ). The most widely studied inflammatory bio-
marker is C-reactive protein (CRP),6 an acute-phase
protein produced in the liver under the influence of
cytokines such as interleukin-6 and tumor necrosis fac-
tor-�. Data from epidemiologic studies have shown a
significant association between increased concentra-
tions of CRP and increased risk of first and recurrent
cardiovascular events (6 ). Some studies report a
greater predictive value of high-sensitivity CRP (hs-
CRP) than that of traditional laboratory markers such
as total cholesterol, HDL cholesterol, and LDL choles-
terol and novel markers such as lipoprotein, homocys-
teine, and apolipoproteins AI and B (7 ). Furthermore,
some have found that the combination of hsCRP and
the total-to-HDL cholesterol ratio has the greatest
power to predict a future first coronary event (7 ).
There also is evidence that a number of pharmacologic
agents used in the treatment of coronary heart disease
(CHD)—statins (8 ), aspirin (9 ), and �-blockers
(10 )—reduce serum hsCRP, suggesting that reduced
inflammation contributes to the beneficial effects of
these medications.

A statement from the CDC and the American
Heart Association (6 ) suggests that hsCRP values of
�1, 1–3, and �3 mg/L should be used to define low,
average, and high cardiovascular risk categories, re-
spectively. These values correspond to approximate
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tertiles in the general population, although controversy
exists regarding these clinical cutoff points (11 ). Sys-
temic inflammatory status can fluctuate substantially
over time (12 ), and therefore it is recommended to use
the average of 2 assays, optimally obtained 2 weeks
apart, to provide a more reliable estimate (13 ). A
greater degree of variability between measurements of
hsCRP has been noted among patients with established
CHD, raising the possibility that patients with CHD
have a dynamic systemic inflammatory status that may
affect acute coronary risk (6 ). This variability between
measurements becomes a potential limitation of using
serial measurements to monitor risk status or the re-
sponse to medical therapies in these patients. Sources
of variability of hsCRP values include age (14 ), body
weight (15 ), diet (16 ), level of physical activity (17 ),
depression (18 ), medication effects (8 –10 ), and infec-
tious and inflammatory processes (19 ). HsCRP values
�10 mg/L should trigger a search for a source of infec-
tion or inflammation (6 ).

Several cross-sectional studies have found that hs-
CRP values are higher in the fall and winter than in the
spring and summer (20, 21 ); however, no longitudinal
data have been reported to determine if season of the
year has an independent effect on hsCRP. We proposed
to address this gap using data from the Seasonal Vari-
ation of Cholesterol Levels Study (SEASONS) (22 ), an
observational longitudinal study that collected detailed
anthropometric, physiologic, dietary, physical activity,
and psychosocial data, at baseline and every 3 months
for a year, with corresponding blood samples from
each participating individual. The SEASONS study
provides a unique opportunity to explore seasonal
variation of hsCRP among healthy adult men and
women, while controlling for several factors known to
be associated with hsCRP.

Materials and Methods

Participants in the SEASONS study were recruited pri-
marily from the Fallon Healthcare System, a health
management organization serving central Massachu-
setts. Eligibility criteria included being a resident of
Worcester County and age 20 –70 years and having
telephone service. Study participants were not taking
cholesterol-lowering medications and were not ac-
tively on lipid-lowering or weight-control diets, did
not have possible causes of secondary hyperlipidemia,
had not been diagnosed as having CHD, and were free
of life-threatening illness. Subjects were recruited be-
tween December 1994 and February 1997 and enroll-
ment occurred throughout the calendar year. The In-
stitutional Review Boards of the Fallon Healthcare
System and the University of Massachusetts Medical
School approved all subject recruitment and data col-

lection procedures. Each subject signed an approved
informed consent form before entering the study.

Demographic data and health information were
collected by self-administered questionnaires. Anthro-
pometric data, including body mass, height, and waist
and hip circumference, as well as fasting blood samples
were obtained at baseline and then every 3 months,
within a 3-week window on either side of the individ-
ual’s quarterly appointment date, to the 1-year anni-
versary point (total of 5 assessments). The hsCRP anal-
yses were performed in 2004, using stored serum
(�80 °C) from the original study conducted between
1994 and 1998. Previous studies have demonstrated
that appropriately frozen hsCRP samples are stable for
long periods of time (up to 20 years) (23 ). Analyses for
hsCRP were performed in the laboratory of Nader Rifai
at Children’s Hospital, Boston, MA. We described the
methodology in our previous publication (16 ). Inter-
assay and intraassay CVs for hsCRP were in compli-
ance with CDC-accepted ranges. We excluded hs-CRP
concentrations �10 mg/L (n � 66, 3%) from this anal-
ysis because such increased values are likely to be
caused by acute infection or underlying inflammatory
problems (6 ).

Telephone-administered 24-h recall interviews
(24HRs) were used for dietary intake and physical ac-
tivity assessment, with interviews conducted at base-
line and then every 3 months. At each quarterly data
collection point, three 24HRs were conducted on ran-
domly selected days (including 2 weekdays and 1 week-
end day). All dietary data for the 24HRs were entered
into and analyzed using the Nutrition Data System
(NDS DOS version 2.6, NDS 2.9) software (24 ). Esti-
mates of physical activity energy expenditure (MET
hours/day) were calculated from the 24HRs in 3 do-
mains: household, occupational, and leisure–time ac-
tivities, using methods described by Ainsworth et al.
(25 ). We have reported the validation of this method
elsewhere (26 ).

STATISTICAL ANALYSIS

We compared selected baseline demographic charac-
teristics by sex using 2-sample t-tests (for continuous
variables) and �2 tests (for categorical variables). The
primary outcome variable was hsCRP. We analyzed
seasonal variation of hsCRP using the SAS mixed (ran-
dom and fixed) effect model procedure (Proc Mixed)
with restricted maximum likelihood methods (27 ).
Two methods were used to estimate seasonal variation
using mixed models. First, we used the date of blood
draw to classify each hsCRP measure into a season of
the year, using the “light season” definition, centered at
the equinoxes, so as to maximize variation in light ex-
posure (winter, November 6 to February 4; spring, Feb-
ruary 5 to May 6; summer, May 7 to August 5; fall,
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August 6 to November 5). Season was used as a fixed
effect (with 4 levels) in the mixed model analyses, and
estimates of change in hsCRP between seasons were
constructed. Similar to analysis for hsCRP, we ob-
tained estimates in seasonal variation of covariates us-
ing mixed models, with season fitted as a fixed effect
and subject as a random effect. These covariates in-
clude anthropometric measures, physical activity, diet,
physiology, and other variables. Second, we used the
date of blood draw to define sine and cosine coeffi-
cients for a sine-shaped seasonal model that assumed a
period of 365 days. Estimates of fixed-effect regression
coefficients for the sine and cosine terms in the mixed
model were transformed to estimate the amplitude
(peak–trough hsCRP difference) and phase (date of
peak hsCRP) of the seasonal effects. We used a first-
order Taylor series expansion to construct estimates of
the variance of the amplitude and phase from the vari-
ance estimates of the sine and cosine coefficients. De-
tailed documents explaining calculations of the ampli-
tude and phase and their standard errors can be found
in the appendix from the article by Matthews et al.
(28 ).

Sex-specific mixed models were fitted solely with
seasonal effects, using subjects as random effects. Sub-
sequent models were fitted that controlled for various
time-dependent covariates separately, including body
mass index (BMI), percent calories from saturated fat,
physical activity (total and leisure time), relative
plasma volume (29 ) (calculated from a subject-specific
mean hemoglobin value, assuming that hemoglobin
mass remains constant over the year in healthy sub-
jects), and age. We evaluated the impact of including
the covariates by assessing the extent to which the esti-
mated amplitude of the seasonal effect changed when
the covariates were considered. Percent change in sea-
sonal amplitude was used for this purpose and was ob-
tained by comparing amplitude from the model with
covariates to that of the model without covariates. We
also conducted similar analyses for subjects in the up-
per or lower quartile distribution of hsCRP.

Finally, we obtained percentages of the study pop-
ulation with hsCRP �3 mg/L, by sex, in both winter
and summer using the subject average at each season.

Results

Study subjects were required to have at least 2 quarterly
hsCRP measures for inclusion, resulting in an analysis
subset of 534 (83%) of the 641 SEASONS subjects.
Baseline demographic data (Table 1) demonstrate that
the study group was predominantly composed of
white, married, well-educated, and overweight indi-
viduals. Average age was 48 years. Men had more years
of formal education than women. Women were less

likely to be overweight than men. More than 50% of the
study participants worked in service industries or in
white-collar occupations. Smokers comprised about
25% of the study population, with no significant sex
differences in smoking rates.

Anthropometric data did not demonstrate signif-
icant seasonal changes, whereas diet and physical activ-
ity showed marked seasonal variation (Table 2).
Women had significantly higher self-reported caloric
intake during the winter compared with other seasons,
whereas men reported a significantly higher intake of
total fat and saturated fat, as percentages of total caloric
intake, during the winter compared with the rest of the
year. Both men and women reported higher levels of
physical activity during the summer, particularly re-
lated to changes in the leisure-time and household
physical activity domains. As a whole, though, the
study group had a relatively low level of physical activ-
ity. As described in a previous publication (30 ), relative
plasma volume showed significant seasonal variation,
suggesting a hemodilution effect during the summer
and the converse during the winter (30 ).

Average hsCRP was 1.72 mg/L (men, 1.75 mg/L;
women, 1.68 mg/L). Overall, the estimate of the sea-
sonal amplitude of variation of hsCRP was 0.16 mg/L
(95% CI 0.02 to 0.30), a 9% increase in hsCRP from late
spring to late fall. Among men, the amplitude of vari-
ation was 0.10 mg/L (95% CI �0.11 to 0.31) (6%),
whereas among women, it was 0.23 mg/L (95% CI 0.04
to 0.42) (14%). Both peaked in November, with a cor-
responding trough in May (Fig. 1). The seasonal am-
plitude was of similar relative magnitude (10%–15% of
the average value) independent of baseline hsCRP
quartile (data not shown).

Several factors were associated with the amplitude
of seasonal change of hsCRP, primarily changes in rel-
ative plasma volume, waist circumference, and dia-
stolic blood pressure among women and changes in
relative plasma volume, depression score, and diastolic
blood pressure among men (Table 3). After multivari-
able analyses, amplitude of seasonal variation was no
longer statistically significant in either sex (Table 4),
indicating that these factors explained most of the sea-
sonal variation in hsCRP.

Using the raw values, there was a 20% increase in
the percentage of participants classified in the high-risk
category for hsCRP (values �3 mg/L) during the peak
period, corresponding to late fall and early winter (88
of 428 participants) compared with the trough period,
corresponding to late spring and early summer. By sex,
the corresponding increases were 23.1% among men
and 17.9% among women, a sex difference that was not
statistically significant (Table 5). The peak and trough
periods were calculated using the corresponding peak
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and trough dates from the sinusoidal models, �45
days, with a similar pattern apparent in both sexes.

Discussion

To our knowledge, this is the first study to report sea-
sonal variation of hsCRP in the general population us-
ing longitudinal data. The estimated seasonal ampli-
tude of variation was greater among women, but the
difference in amplitudes was not significantly different
from that observed in men. The results also suggest that
the magnitude of seasonal variation (10%–15%) is in-
dependent of the baseline hsCRP value. We also ob-
served a 20% relative increase in the number of partic-
ipants classified in the high-risk category for hsCRP

(hsCRP values �3 mg/L) during the late fall and early
winter, compared with late spring and early summer.

Our results are consistent with suggestions from
previous cross-sectional studies reporting higher con-
centrations of hsCRP in the winter compared with the
summer. A study in a large, healthy adult population in
Korea (12 064 men and 6381 women, average age 47.2
years), reported that, on average, hsCRP concentra-
tions were 0.25 mg/L higher in the winter than in the
summer (1.76 vs 1.51 mg/L, respectively), suggesting
that increased plasma hsCRP during the winter months
could be related to the observed increased risk of car-
diovascular events, and other conditions that are
known to have seasonal peaks, ranging from the com-
mon cold to cancer (20, 31 ).

Table 1. Baseline demographic characteristics of the seasonal study cohort by sex, SEASONS.a

Men Women P b

n 275 259

Mean age, years (SD) 48.9 (12.5) 47.5 (12.1) 0.20

White ethnicity 240 (87.3) 211 (81.5) 0.17

Education 0.003

High school diploma or less 13 (4.7) 16 (6.2)

Some college 54 (19.7) 77 (30.0)

College graduate 92 (33.6) 73 (28.4)

Postgraduate degree 115 (42.0) 91 (35.4)

Occupation �0.0001

Unemployed/retired 45 (16.4) 68 (26.3)

Blue-collar 80 (29.1) 36 (13.9)

Service worker 21 (7.6) 25 (9.7)

White-collar 129 (47.0) 130 (50.2)

Marital status 0.002

Single 24 (8.8) 26 (10.1)

Married 219 (80.0) 172 (66.7)

Living with partner 9 (3.3) 11 (4.3)

Separated 2 (0.7) 2 (0.8)

Divorced 16 (5.8) 28 (10.9)

Widowed 4 (1.5) 19 (7.4)

BMI (kg/m2) 0.0002

Normal weight (17.1–24.9) 81 (29.5) 121 (46.7)

Overweight (25–29.9) 125 (45.5) 85 (32.8)

Obese (�30) 69 (25.1) 53 (20.5)

Current smoker 48 (24.4) 41 (26.5) 0.65

Reported minor infection/inflammation 80 (40.6) 79 (46.5) 0.26

Antiinflammatory medication use 38 (13.8) 29 (11.2) 0.36

a Data are frequency (%) unless noted otherwise.
b H0: equal mean based on test of difference between sexes.
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Fig. 1. Seasonal variation in hsCRP, SEASONS.

Table 3. Summary of regression analysis by sex, sinusoidal model, SEASONS.

Women Men

Amplitude
of seasonal

variation, mg/L 95% CI

Change
in seasonal

amplitude, %

Amplitude
of seasonal

variation, mg/L 95% CI

Change
in seasonal

amplitude, %

Unadjusted hsCRP 0.23 0.04 to 0.42 0.10 �0.11 to 0.31 �

Adjusted fora

BMI 0.24 0.05 to 0.43 4.35 0.11 �0.11 to 0.32 10.00

Hip circumference 0.24 0.05 to 0.43 4.35 0.12 �0.10 to 0.33 20.00

Waist circumference 0.26 0.07 to 0.45 13.04 0.11 �0.11 to 0.33 10.00

Systolic blood pressure 0.21 0.01 to 0.41 �8.70 0.08 �0.15 to 0.30 �20.00

Diastolic blood pressure 0.20 0.0003 to 0.40 �13.04 0.06 �0.17 to 0.28 �40.00

Resting heart rate 0.22 0.01 to 0.43 �4.35 0.09 �0.13 to 0.31 �10.00

Relative plasma volume 0.27 0.06 to 0.48 17.39 0.24 0.02 to 0.46 140.00

Age 0.23 0.04 to 0.42 0 0.11 �0.11 to 0.32 10.00

Total cholesterol 0.23 0.04 to 0.42 0 0.11 �0.10 to 0.32 10.00

Triglycerides 0.23 0.04 to 0.42 0 0.12 �0.10 to 0.33 20.00

Total caloric intake 0.22 0.02 to 0.42 �4.35 0.08 �0.13 to 0.30 �20.00

Dietary fiber intake 0.23 0.04 to 0.42 0 0.08 �0.14 to 0.29 �20.00

Beck depression score 0.25 0.04 to 0.46 8.70 0.21 �0.02 to 0.43 110.00

Beck anxiety score 0.24 0.04 to 0.44 4.35 0.12 �0.10 to 0.34 20.00

Minor infection or inflammation 0.21 0.02 to 0.40 �8.70 0.11 �0.10 to 0.32 10.00

a Change in amplitude of seasonal variation in hsCRP when controlled for each of the listed variables, one at a time, to assess the relative change in magnitude
of seasonal variation, with respect to the unadjusted model.
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Another cross-sectional study performed in the
UK, in 9377 middle-aged adults, showed a seasonal
variation in hsCRP of about 9%, between a low value in
the summer and a high value in the winter (32 ). Our
finding of a 20% relative increase in the number of
patients labeled as being in the high hsCRP risk cate-
gory between summer and winter, although not statis-
tically significant, needs to be taken into account as
another source of variability in hsCRP risk categoriza-
tion. Clearly, if this were indicative of a more general-

izable pattern, it would have important implications
for a host of conditions with known seasonal periodic-
ity and for treatments that are known to be affected by
timing (31, 33 ). We found that there is much more
variation among women than among men, yet the per-
centages increasing into the high-risk category are sim-
ilar in both men and women. The discrepancy may be
related to differences in the time distribution of CRP by
sex.

Average concentrations of hsCRP appeared to be
similar in men and women, as reported for the general
US population (23 ); however, the amplitude of sea-
sonal variation in hsCRP was statistically significant
only among women, and �2 times the magnitude of
the estimated amplitude in men.

Significant advances have been made concerning
the differential effects of cardiovascular risk factors as
they relate to sex (34 ). Diabetes and concentrations of
HDL cholesterol and triglycerides have been found to
have a greater impact on CHD risk in women than in
men (35 ). Greater variability in autonomic responses,
particularly heart rate variability, is seen in women, and
this variability has been associated with improved car-
diovascular health (36 ). We have reported that women

Table 4. Multivariate regression analysis, sinusoidal mixed model by sex, SEASONS.

Effect

Womena Menb

Estimate SE P Estimate SE P

Intercept �12.535 1.955 �0.0001 �7.526 2.563 0.004

Sine �0.086 0.061 0.158 �0.108 0.063 0.084

Cosine 0.065 0.062 0.291 �0.030 0.064 0.640

BMI 0.083 0.035 0.019 0.035 0.040 0.382

Hip circumference 0.048 0.015 0.002 0.009 0.023 0.699

Waist circumference 0.010 0.017 0.558 0.032 0.019 0.094

Systolic blood pressure 0.005 0.005 0.392 0.007 0.005 0.211

Diastolic blood pressure �0.007 0.008 0.337 �0.004 0.008 0.642

Heart rate 0.022 0.005 �0.0001 0.014 0.006 0.017

Age 0.009 0.009 0.329 0.014 0.008 0.088

Total cholesterol �0.001 0.002 0.626 0.000 0.002 0.881

Triglycerides 0.002 0.001 0.020 �0.0006 0.0005 0.254

Total caloric intake �0.0001 0.0001 0.751 �0.00003 0.0001 0.786

Beck depression score �0.005 0.012 0.683 0.012 0.015 0.418

Beck anxiety score 0.022 0.012 0.080 0.005 0.016 0.768

Minor inflammation or infection 0.158 0.101 0.117 0.327 0.106 0.002

Dietary fiber intake �0.031 0.012 0.013 �0.004 0.010 0.711

Relative plasma volume 0.047 0.015 0.002 0.021 0.019 0.259

a Amplitude of seasonal variation in women: 0.22 mg/L, 95% CI �0.02 to 0.47.
b Amplitude of seasonal variation in men: 0.22 mg/L, 95% CI �0.02 to 0.45.

Table 5. Comparison of percentages of study
participants with high-risk hsCRP values during the

peak and trough periods, SEASONS.

hsCRP
concentrations

>3 mg/L
Trough,
n (%)

Peak,
n (%)

Relative
difference,

% P a

All 76/445 (17.1) 88/428 (20.6) 20.5% 0.19

Men 40/231 (17.3) 46/216 (21.3) 23.1% 0.29

Women 36/214 (16.8) 42/212 (19.8) 17.9% 0.43

a �2 Test for difference between peak and trough periods calculated as
hsCRP seasonal amplitude peak and trough � 45 days.
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appear to have greater seasonal variation of lipid con-
centrations than men (30 ) and have observed a similar
sex pattern of greater seasonal variation in other phys-
iologic variables, including systolic blood pressure and
relative plasma volume (Table 2). This raises the pos-
sibility that the greater variability in physiologic vari-
ables seen in women suggests an overall physiology that
may be more adaptable to changing circumstances, a
factor which we speculate might contribute in some
way to the overall lower morbidity and incidence of
chronic diseases in women and, concomitantly, a
longer lifespan.

Factors significantly associated with seasonal
variation of hsCRP included relative plasma volume
and anthropometric factors. We have described (30 )
the effect of a relative winter hemoconcentration,
which could be related to the clustering of peak val-
ues of hemostatic coronary risk factors during the
winter months. Seasonal variation in hsCRP may be
another factor related to the excess CHD mortality
in the winter compared to the summer (37 ). The
positive correlation between anthropometric mea-
surements and hs-CRP has been described exten-
sively (38, 39 ). In our study, waist and hip circum-
ference, but also BMI, were positively correlated
with changes in amplitude of seasonal variation of
hsCRP. Similarly, depression scores (18 ) and blood
pressure levels (40 ) have been correlated with
hsCRP, and appear to also have differential correla-
tion with seasonal variation of hsCRP, with higher
depression scores and lower systolic and diastolic
blood pressures correlating with higher amplitude of
seasonal variation of hsCRP. Minor infectious or in-
flammatory processes also were correlated with
change in amplitude of seasonal variation of hsCRP.
Given that CRP is an acute-phase protein, it would
be expected that hsCRP follows the seasonal pattern
of a higher incidence of minor viral infections dur-
ing the colder months (41 ). We attempted to reduce
this potential by excluding hsCRP measures �10
mg/L; however, the presence of minor infectious or
inflammatory processes remained a significant pre-
dictor of seasonal variation of hsCRP.

Our study has several strengths, including the
longitudinal design with multiple and detailed mea-
surements of demographic, anthropometric, di-
etary, physical activity, psychosocial, physiologic,
and blood parameters related to hsCRP concentra-
tions. We were therefore able to determine the rela-
tive contribution of these factors to the seasonal
variation in hsCRP concentrations. We also kept
track of minor inflammatory and infections pro-
cesses and controlled, to the extent possible, for
these factors in the statistical analyses. Limitations

include the derivation of our study participants from
a volunteer sample, composed of primarily white,
well-educated individuals living in central Massa-
chusetts; therefore caution should be taken in ex-
trapolating our results to other populations. An ad-
ditional limitation is the relatively small number of
hsCRP measures (5 ) per subject, limiting analysis to
the simplest seasonal models.

In conclusion, clinically significant seasonal varia-
tion in hsCRP was observed in this cohort of healthy
adults. Women had greater seasonal variation than
men, 14% vs 6% fluctuation between late spring and
late fall, respectively. Relative plasma volume, anthro-
pometric measurements, diastolic blood pressure, and
depression scores are major factors correlated with sea-
sonal variation of hsCRP, with differential magnitude
of effect by sex. Together, the analyzed factors ex-
plained all the observed seasonal variation of hsCRP.
Further research is needed to understand the biological
mechanisms and clinical implications of higher con-
centrations of hsCRP during late fall/early winter and
to determine the presence and potential connotations
of seasonal variation of hsCRP among patients with
established CHD and other chronic diseases including
diabetes and cancer.
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