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Mortality in the general population and in patients on chronic hemodialy-
sis is significantly higher in winter than summer. It is unknown whether
such a seasonal difference exists for mortality or graft failure among kidney
transplant recipients. We analyzed United Network for Organ Sharing
(UNOS) data to assess whether the annual distribution of deaths and graft
failures differed significantly from expected. There was significant annual
variation in both deaths (n = 52 523) and graft failures (n = 50 301; both
P < 0.001). The number of observed deaths exceeded the number expected
by 8.9% in winter (P < 0.001), whereas the number of deaths was 4.8%
lower than expected in summer (P < 0.01). The pattern was strongest for
deaths attributable to cardiovascular disease (n = 11 509; 21.9%). Simi-
larly, there was an excess of graft failures in winter (3.6%; P < 0.01) and a
deficit in other seasons (all P < 0.02). This pattern was observed for graft
failures due to chronic rejection (P < 0.001) and other causes (P < 0.001),
but not for acute rejection (P = 0.28) or recurrent disease (P = 0.27).
Potential explanations for this variation include changes in physiologic
parameters, changes in medication adherence and other behaviors, or
changes in insurance coverage or clinical care. Further studies are necessary
to identify specific mechanisms.
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Kidney transplantation offers a significant survival
advantage over chronic dialysis [1,2]. Long-term graft
and patient survival following kidney transplantation,
however, remain suboptimal. More than half of kidney
transplant recipients in the US die with a functioning
graft. Roughly, two-thirds of these deaths are attributa-
ble to cardiovascular disease (CVD), infection, or malig-
nancy [3,4]. The most common cause of late graft
failure is chronic rejection, with a significant minority
of graft failures due to acute rejection and recurrent
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disease. Management of transplant recipients requires a
constant balance of adequate immunosuppression to
prevent rejection versus over-immunosuppression and
the concomitant higher risk of opportunistic infections,
malignancy, and toxicity. Identification of factors plac-
ing patients at higher risk of these specific outcomes is
needed to tailor this balance and individualize immuno-
suppressive therapy.

The incidence of cardiovascular disease and mortality
in the general population is significantly higher in
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Table 1. Number of deaths and % mean annual peak-trough difference among kidney transplant recipients in the US,

2000-2014
% Annual mean peak-trough P for P for
Number of deaths % difference (95% Cl) periodicity difference
Overall 52 523 - 13.9(10.4, 17.5) <0.001 -
Age
<60 years 32 613 62.1 13.3 (9.9, 16.7) <0.001 0.49
>60 years 19 910 37.9 15.1 (11.2, 19.0) <0.001
Sex
Female 19 619 37.35 15.7 (11.6, 19.8) <0.001 0.23
Male 32 904 62.65 12.5 (9.2, 15.7) <0.001
Race
White 33 789 64.3 14.0 (10.7, 17.4) <0.001 Reference
Black 11 455 21.8 15.1 (9.9, 20.2) <0.001 0.72
Other 7279 13.9 10.5 (4.3, 16.7) 0.004 0.33
Region
North 11 306 21.5 15.2 (9.5, 21.0) <0.001 Reference
Central 30 670 58.4 13.0 (8.5, 17.5) <0.001 0.55
South 10 547 20.1 16.2 (9.7, 22.7) <0.001 0.82
Donor type
Deceased 37 918 72.2 14.1 (10.9, 17.1) <0.001 0.70
Living 14 605 27.8 13.1 (8.2, 18.1) <0.001
Cause of death
Cardiovascular disease 11 509 21.9 20.6 (14.7, 26.5) <0.001 Reference
Infection 6446 12.3 12.7 (5.3, 20.1) 0.003 0.10
Malignancy 5399 10.3 8.0 (-0.8, 16.1) 0.14 0.02
Other 16 453 31.3 10.1 (5.8, 14.5) <0.001 0.005
Unknown 12 716 24.2 15.8 (8.7, 22.9) 0.001 0.31

winter than in summer [5,6]. A similar pattern of
higher incidence of deaths during winter also has been
reported in patients on chronic hemodialysis [7-9]. It is
unknown whether such a seasonal difference exists for
mortality or graft failure among kidney transplant recip-
ients in the US. We analyzed 15 years of national data
to assess the distribution of deaths and graft failures by
month.

Data from the United Network for Organ Sharing
(UNOS) Standard Transplant and Research (STAR)
Files were analyzed. Analyses were limited to single-
organ kidney transplants that occurred from 1 October
1987 through 31 December 2014. Multiple organ trans-
plants were excluded. Deaths and graft failures occur-
ring from 1 January 2000 through 31 December 2014
were analyzed. Deaths and graft failures occurring
within 90 days of transplantation were excluded.

Deaths attributed to graft failure (n = 474) were
excluded from analyses of death. The primary cause of
death was classified as cardiovascular (including cere-
brovascular), malignancy, infection, other cause, or
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unknown. Only the first occurrence of graft failure for
each recipient during the study period was included.
Death with a functioning graft was not included as graft
failure. The primary cause of graft failure was classified
as chronic rejection, acute rejection, recurrent disease,
or other cause.

Analyses

We first calculated the total number of deaths occurring
during each of the 180 months from 1/1/2000 to 12/31/
2014. Based on the results of a plot of the number of
deaths by month, we regressed the month, modeled
using a restricted cubic spline with four knots, on the
number of deaths per month using Poisson regression.
A cosinor analysis was then performed on the residuals
of this model to test for annual variation in the number
of deaths per month after accounting for the longer-
term trends [10]. The cosinor analysis models cyclical
variations over time (e.g., 1 year) as a function of a sine
wave [sin(t)] and a cosine wave [cos(t)]. The resulting
coefficients were used to calculate the amplitude and
phase shift of the sinusoidal curve. The variance of the
amplitude, a function of the coefficients of sin(t) and
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cos(t), was calculated using the Delta method. The
mean annual peak-trough difference, calculated as twice
the amplitude of the modeled sinusoidal wave, and its
95% confidence interval is reported as the percentage of
the total number of monthly deaths. Likelihood ratio
tests were used to test improvement in fit between
nested models.

We then stacked the number of deaths per calendar
month over all 15 years to more concisely show the
annual patterns [11]. The expected number of deaths
per month was based on the Poisson regression model,
accounting for the number of days in each calendar
month, including leap days. The difference between the
observed and expected number of deaths was then cal-
culated as a percentage of the expected number. We
then performed similar analyses by season (winter:
December—February; spring: March—May;
June—August; fall: September—November).

Similar analyses were performed for cause-specific
deaths and after stratification by age (<or >60 years at
time of transplant for death and < or >45 years for
graft failure), sex, race (white, black or other), type of
donor (living or deceased), and geographic location
based on the permanent state of residence of the
recipient at the time of transplantation. States in the
northern region were AK, ID, ME, MA, MI, MN,
MT, NH, NY, ND, OR, RI, SD, VT, WA, WI, and
WY. States in the southern region were AL, AZ, AR,
FL, GA, HI, LA, OK, NM, SC, and TX. All others
were considered in the central region. Interaction
terms were added to the cosinor model to assess effect

summer:

modification.

Seasonality and kidney graft outcomes

Similar analyses were performed for all-cause and
cause-specific graft failure. Analyses were performed
using Stata/MP 13.1 (StataCorp, www.stata.com).

Death

A total of 52 523 deaths occurred during the study per-
iod (Table 1). A total of 11 509 (21.9%) deaths were
attributed to cardiovascular disease, 6446 (12.6%) to
infection, 5399 (10.3% to malignancy, and 16 453
(31.3%) to other causes. Cause of death was unknown
in 24.2% of deaths. There was a significant increase in
the number of deaths per month from 2000 to 2012
and a slight decrease thereafter, due to the growing
number of recipients at risk and the changing age distri-
bution of living recipients over time (Figure 1).

There was substantial evidence of annual variation in
the number of deaths after accounting for the longer-
term trends, as the cosinor model substantially improved
the fit to observed data (P < 0.001). The mean annual
peak-trough difference was 13.9% (10.4, 17.5). Signifi-
cant periodicity was detected for all subgroups stratified
by age, sex, race, region, and donor type, with no signifi-
cant differences observed in the estimated mean peak-
trough differences. The annual peak-trough difference
was greatest for deaths due to cardiovascular disease
(20.6%; P < 0.001). There was also evidence of annual
variation for deaths due to infection and other and
unknown cause, but with lower amplitude than for
deaths due to cardiovascular disease. The cosinor model
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did not significantly improve the fit for deaths due to
malignancy (P = 0.14) and the mean peak-trough differ-
ence was significantly less than for deaths due to cardio-
vascular disease (P-difference = 0.02).

Combining all years, the number of deaths exceeded the
number expected by 9.1% in December (P < 0.001), 11.2%
in January (P < 0.001), 7.7% in February (P = 0.002) and
3.4% in March (P = 0.02; Figure 2). In contrast, the num-
ber of deaths was 3.0 to 7.1% lower than expected in May—
September (all P < 0.05). By season, there were 8.9% more
deaths than expected during winter (P < 0.001), 4.8%
fewer than expected in summer (P < 0.001), and 2.9%
fewer than expected during fall (P = 0.008; Figure 3a). A
similar but even stronger pattern was observed for deaths
due to cardiovascular disease (Figure 3b). There were
12.9% more deaths due to cardiovascular disease than
expected in winter, 7.5% fewer than expected in summer,
and 5.8% fewer than expected in fall. A similar pattern was
observed for deaths due to infections (Figure 3c) and
deaths due to unknown causes (Figure 3e).

Graft failure

A total of 50 301 graft failures occurred, including
24 442 (48.6%) due to chronic rejection, 6430 (12.8%)

due to acute rejection, 3324 (6.6%) due to recurrent
disease, and 16 105 (32.0%) due to other causes
(Table 2). As with deaths, there was a significant
increase in the number of graft failures per month from
2000 to 2012 and a decrease thereafter (Figure 4). There
also was substantial evidence of annual variation in the
number of graft failures after accounting for the longer-
term trends (P < 0.001). The mean peak-trough differ-
ence was 8.0 (4.8, 11.3). Significant periodicity was
detected for all subgroups stratified by age, sex, race,
region, and donor type, with no significant differences
observed in the estimated mean peak-trough differences.
Graft failures due to chronic rejection showed a strong
annual pattern, with a mean peak-trough difference of
10.7%. No significant annual periodicity was observed
for graft failures due to acute rejection (P = 0.67) or
recurrent disease (P = 0.92).

Combining all years, the number of deaths exceeded
the number expected by 7.8% in January (P = 0.004),
4.7% in February (P < 0.001), and 5.5% in March
(P < 0.01; Figure 5). In contrast, the number of deaths
was 1.3 to 4.7% lower in July—December (P < 0.05 for
July and September).

There were 3.6% more graft failures than expected
during winter (P = 0.006) and 2.8% more than

Table 2. Number of graft failures and % mean annual peak-trough difference among kidney transplant recipients in

the US, 2000-2014.

Number of % annual mean peak-trough
graft failures % difference (95% Cl) P for periodicity P for difference
Overall 50 301 - 8.0 (4.8, 11.3) <0.001 -
Age
<45 years 26 118 51.9 6.7 (2.4, 10.9) 0.008 0.30
>45 years 24 183 48.1 9.8 (5.6, 13.9) <0.001
Sex
Female 20 525 40.8 8.9 (4.5, 13.4) <0.001 0.62
Male 29 776 59.2 7.4 (3.5, 11.4) 0.001
Race
White 25 382 50.5 8.2 (4.0, 12.5) <0.001 Reference
Black 16 731 3333 8.2 (3.8, 12.6) 0.001 0.99
Other 8188 16.3 9.3 (2.5, 16.0) 0.02 0.80
Region
North 9697 19.3 10.0 (3.7, 16.2) 0.008 Reference
Central 30 821 61.3 5.2 (1.0, 9.3) 0.05 0.21
South 9783 19.5 16.2 (9.5, 23.0) <0.001 0.18
Donor type
Deceased 34 549 68.7 6.5 (3.0, 10.1) 0.001 0.18
Living 15 752 31.3 11.3 (6.1, 16.6) <0.001
Cause of graft failure
Chronic Rejection 24 442 48.6 10.7 (6.5, 14.9) <0.001 Reference
Acute rejection 6430 12.8 3.3 (—=4.0, 10.7) 0.67 0.09
Recurrent disease 3324 6.6 1.9(=7.9, 11.8) 0.92 0.1
Other 16 105 32.0 8.6 (3.6, 13.6) 0.001 0.54
296 Transplant International 2018; 31: 293-301
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Seasonality and kidney graft outcomes

12%
10%
8%
6%
4%

2% I
0%

- -
1jjj
4%
6%

—8%
-10%

% Excess deaths per month

Figure 2 Excess deaths as a ~12%
9 R T S S S
percentage of the expected number & LW v & ¢ s &
. & R 9 @
of deaths by month, stacking all data & A <
from 2000 to 2014. Calendar month
(a) (b)
14% 14%
Overall p <0.001 Overall p <0.001
12% 12%
10% 10%
8% 8%
2 8% 'L_: 8%
H 3
'g 4% g 4%
2 8
g = 0.008 P — 0.01
4 = =0.! -4 =0.
[ p=027 p <0.001 P - P
= p<0.001 e - = p <0.001 p=0.76
=2% 2%
4% 4%
-8% -6%
8% -8%
Winter Spring Summer Fall Winter Spring Summer Fall
(c) (d)
14% 14%
Overall p < 0.001 Overall p=0.12
12% 12%
10% 10%
8% 8%
W 8% 0w 6%
= =
g 4% ﬁ 4%
3 3
2 B 2
8 8
5 b - p =0.005 p=0.17 u% % p=0.21 p=0.56 p=0.90
= p=0.003 p=0.41 - = p=0.08 -
2% -2%
4% 4%
-8% 6%
-8% 8%
Winter Spring Summer Fall Winter Spring Summer Fall
(e) ()
14% 14%
Overall p < 0.001 Overall p < 0.001
12% 12%
10% 10%
8% 8%
g 6% g &%
5 5
3 % S 4%
@ @
8 2% 8 2%
S p=0.20 p<0.180 p=0.21 &, p=042 p=0.007 p=046
Toeee S OB OER D e =
2% 5
4% -4%
&% &%
8% 8%
Winter Spring Summer Fall Winter Spring Summer Fall

Figure 3 Excess deaths as a percentage of the expected number of deaths by season, stacking all data from 2000 to 2014, for (a) all deaths,
(b) deaths due to cardiovascular disease, (c) deaths due to infection, (d) deaths due to malignancy, (e) deaths due to other causes, and
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expected in spring (P = 0.02; Figure 6a), whereas there
were 2.5% fewer than expected in summer (P = 0.02)
and 3.8% fewer than expected during fall (P < 0.001).
A similar but stronger pattern was observed for graft
failures due to chronic rejection and other causes (both
P < 0.001), but no such variation was observed for graft
failures due to acute rejection (P = 0.28) or recurrent
disease (P = 0.27).

Using 15 years of national data, we observed significant
annual variation in both the number of deaths and the
number of graft failures among kidney transplant recipi-
ents in the US. The number of deaths was highest in
winter and lowest in summer, primarily due to deaths

attributed to cardiovascular disease. A similar but
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Figure 5 Excess graft failures as a
percentage of the expected number
of graft failures by month, stacking
all data from 2000 to 2014.

somewhat weaker pattern was observed for deaths
attributed to infection. The number of graft failures also
was highest in winter but was lowest in fall. This pat-
tern was most pronounced for graft failures attributed
to chronic rejection, which represented nearly half of all
graft failures. No significant periodicity was observed
for graft failures attributed to acute rejection or recur-
rent disease. We did not find evidence that these pat-
terns differed significantly by recipient demographics,
geographic location, or donor type.

Previous studies in the general population have
reported similar patterns for all-cause and cardiovascu-
lar mortality [5,6,9,12,13]. Colder temperatures were
related to a higher incidence of mortality attributed to
ischemic heart disease, cerebrovascular disease, and res-
piratory disease in several climactic regions in Europe
[5,13]. Similarly, all-cause and cardiovascular mortality
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Figure 6 Excess graft failures as a percentage of the expected number of graft failures by season, stacking all data from 2000 to 2014, for (a)
all graft failures, (b) graft failures due to chronic rejection, (c) graft failures due to acute rejection, (d) graft failures due to recurrent disease,

and (e) graft failures due to other causes.

is higher in winter and lower in summer for patients
receiving chronic hemodialysis [9,14]. Hospital admis-
sions for a variety of conditions also are higher in win-
ter than summer among patients on chronic
hemodialysis, including pneumonia and influenza,
chronic obstructive pulmonary disease, acute coronary
syndrome, and heart failure [15]. This is the first report
to our knowledge that extends these findings to kidney
transplant recipients.

The reasons for these annual variations in cardiovas-
cular mortality remain speculative. Increased propensity
for thrombosis due to lower plasma volume and greater
hemoconcentration may play a significant role in the
increase in cardiovascular deaths in colder months

Transplant International 2018; 31: 293-301
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[12,16,17]. In a 5-year study of over 15 000 dialysis
patients, Usvyat et al. [9] found higher values of neu-
trophil/lymphocyte ratio, serum potassium, and platelet
count in winter than in summer. The significant sea-
sonal variation in mortality in that cohort was mostly
explained by variation in these biochemical and clinical
parameters. Data from the much larger International
Monitoring Dialysis Outcomes (MONDO) consortium
also found C-reactive protein levels to be higher in win-
ter than summer. In that larger cohort, seasonal mortal-
ity remained significant after adjustment for other
laboratory and clinical variables [8]. Season-related
hypercoagulability may be an even more important ele-
ment in kidney transplant recipients than in the general
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population [18]. Long-term kidney transplant recipients
have a chronic prothrombotic and persistent inflamma-
tory state, with significantly elevated levels of fibrinogen,
d-dimer, prothrombin activation fragments F1 + 2, and
IL—6 [19]. Changes in sympathetic activity in colder
months may also induce cardiac arrhythmias, which
may also be of increased severity [20]. Increased inci-
dence of infections during winter may also trigger car-
diovascular events [21]. Seasonal variation in other
biochemical parameters may also be related to increased
cardiovascular events. A strong seasonal pattern was
observed in serum 25-hydroxyvitamin D [25(OH)D] in
a large community-based cohort of older adults [22].
Inverse seasonal variations also were found for intact
parathyroid hormone and bone-specific alkaline phos-
phatase.

Infections themselves are a significant cause of mor-
bidity and mortality in kidney transplant recipients
[23]. Many viral infections in this population are due to
reactivation of latent infection due to intense immuno-
suppression [24]. The seasonal pattern of deaths attrib-
uted to infection observed among kidney transplant
recipients agrees with findings in the general popula-
tion, despite their very different incidence rates of some
specific infections [25].

This is the first report to our knowledge demonstrat-
ing seasonality in kidney allograft failure. The pattern
was not observed for graft failures due to acute rejection
or recurrent disease, but these represented only 12.8
and 6.6% of all failures, respectively. The number of
graft failures was highest in winter and was progres-
sively lower later in the year, with the lowest numbers
in fall. The potential explanations for this finding also
are speculative. Season-related infections may promote
an immunologic response and/or a
immunosuppression eventually resulting in graft rejec-
tion [26]. Sunlight exposure and other factors may
affect biochemical parameters relevant to
response, including 25(OH)D levels [27]. Interestingly,
a recent study found that sunlight directly increases
motility of T lymphocytes, which may be highly relevant
for transplant recipients [28]. Other potential explana-
tions include changes in medication adherence or
changes in insurance coverage with the end of the
calendar year.

There is an apparent shift toward later months for
graft failure due to chronic rejection or other causes
compared to mortality due to infection or

reduction in

immune
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cardiovascular disease. This is potentially explained by
survivors  of
remaining at high risk of graft failure following the
nonfatal even due to the event itself or a reduction
in immunosuppression in response to an infection.
Additional studies in data sources including more
detailed clinical data will be required to elucidate the
role of these nonfatal events and
subsequent graft failure.

Relevant strengths of this study include the large
number of deaths and graft failures accrued over
15 years, the ability to exclude deaths due to graft fail-
ure and deaths with a functioning graft from the respec-
tive analyses, and the national representativeness of the
data. A significant limitation of the study is the fact that
causes of death and causes of graft failure cannot be
verified. Nonetheless, we found significantly larger sea-
sonal variations for cardiovascular deaths than for
deaths attributed to other causes. We also observed
much stronger effects for graft failures due to chronic
rejection than those due to acute rejection or recurrent
disease.

These findings have implications for both research
and clinical care. These findings highlight the need for
further studies to more fully understand the pathologi-
cal mechanisms resulting in the observed seasonal varia-
tions, including the postulated link between nonfatal
cardiovascular and infectious events and subsequent
graft failure. As the number of deaths differed by
approximately 14% on average over the course of a
year, this may have a substantial impact on some
research studies comparing interventions at different
times. As such, the time of year may need to be consid-
ered in some settings to account for these seasonal dif-
ferences. Clinical implications include the potential
need for closer monitoring of recipients during times of
higher risk, including obtaining monthly laboratories
and timely clinic visits where appropriate, and poten-
tially a lower threshold for performing biopsies or other
diagnostic procedures or interventions.

infectious or cardiovascular events

interventions on
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