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Introduction: Fecal immunochemical tests (FITs) are widely used in colorectal cancer (CRC) screening,
but hemoglobin degradation, due to exposure of the collected sample to high temperatures, could reduce test sensitivity. We examined the relation of ambient temperature exposure with FIT positivity rate
and sensitivity.
Methods: This was a retrospective cohort study of patients 50 to 75 years in Kaiser Permanente
Northern California’s CRC screening program, which began mailing FIT kits annually to screen-eligible
members in 2007. Primary outcomes were FIT positivity rate and sensitivity to detect CRC. Predictors
were month, season, and daily ambient temperatures of test result dates based on US National Oceanic
and Atmospheric Administration data.
Results: Patients (n ⴝ 472,542) completed 1,141,162 FITs. Weekly test positivity rate ranged from
2.6% to 8.0% (median, 4.4%) and varied significantly by month (June/July vs December/January rate
ratio [RR] ⴝ 0.79, 95% confidence interval [CI], 0.76 to 0.83) and season. FIT sensitivity was lower in
June/July (74.5%; 95% CI, 72.5 to 76.6) than January/December (78.9%; 95% CI, 77.0 to 80.7).
Conclusions: FITs completed during high ambient temperatures had lower positivity rates and lower
sensitivity. Changing kit design, specimen transportation practices, or avoiding periods of high ambient
temperatures may help optimize FIT performance, but may also increase testing complexity and reduce
patient adherence, requiring careful study. (J Am Board Fam Med 2016;29:672– 681.)
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Colorectal cancer (CRC) is a leading cause of cancer deaths worldwide.1,2 Annual screening using
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fecal occult blood testing is recommended and used
as an effective approach to reduce CRC incidence
and mortality risk.3– 6 The fecal immunochemical
test (FIT) is a newer fecal occult blood test that uses
a speciﬁc antibody for human hemoglobin. FIT is
noninvasive and is more sensitive than traditional
guaiac-based tests.7 Use of FIT is promoted by a
national campaign by the National Colorectal Cancer Roundtable, which includes several primary
care organizations, to help increase screening rates
for underserved populations.8 In population-based
screening programs, a FIT kit is often sent to
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ORIGINAL RESEARCH

Methods
Study Design and Setting
This was a population-based retrospective cohort
study in CRC screening– eligible patients (deﬁned
below) receiving care within Kaiser Permanente–
Northern California’s (KPNC) integrated health
system. KPNC serves over 3.2 million people in a
geographically diverse region whose longitude and
latitude spans from 118° to 124° west and 36° to
42° north, respectively. Except for the San Francisco Bay Area, which usually has mild temperatures year round, the region’s populated areas have
mild winters and very warm summers. This study
was approved by the institutional review boards at
both KPNC and the University of Pennsylvania
and there was no direct patient contact.
KPNC launched an organized CRC screening
program in 2007.9 Each year, the program mails
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FIT kits (OC FIT-CHEK, Polymedco, Inc.: Cortlandt Manor, NY) to the home addresses of
screening-eligible members identiﬁed using administrative and electronic medical records data.9 During the early years of the program, weekly batches
were selected randomly and mailed out during the
ﬁrst 9 to 10 months of the year to allow time for
reminders to nonresponders. Therefore, a relatively small number of tests are performed in December and are typically among members who had
not responded to outreach earlier in the year. In
later years, mailings are timed to the anniversary of
the last screening, or on the birthday for patients
who were not screened in a prior year. Tests are
also given out to patients who are not currently up
to date during contacts with health care system
such as at ﬂu vaccination clinics.
All FITs performed in KPNC, including kits
received at health care ofﬁce visits or pharmacies
are returned by mail to a central receiving facility
and then transported to a regional laboratory, both
of which are located in the San Francisco Bay Area.
Patients are instructed to write the collection date
on the kit, and return it by mail as soon as it is
collected, but are not instructed to refrigerate the
collected samples or avoid hot days when returning
the kit for testing. Once transported to the laboratory, specimens are stored according to the manufacturer’s instructions in air-conditioned rooms
and are tested within 3 days of the receipt date
using the automated Polymedco, Inc. OC Sensor
DIANA fecal occult blood analyzer system uses
rabbit antihuman HbA polyclonal antibodies that
are speciﬁc for human globin. Specimens are tested
within 3 days of arriving at the laboratory, but
those collected more than 14 days at the time of
testing are not tested or missing collection date are
not tested, and patients are sent a new kit to collect
a new sample.
Patients
This study included all KPNC members between
January 1, 2007 and December 31, 2011, age 50 to
75 years old on the date of a completed FIT, who
were then followed from cohort entry through the
end of 2013. Patients were excluded in the calendar
year in which they turned 76 years old. We excluded patients who had a prior colectomy and
patients diagnosed with CRC were excluded in calendar years following the diagnosis date. Tests received within 10 years of a colonoscopy, within 5
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screen-eligible persons to self collect the sample
and return in the mail for testing.9 This has enabled
some programs to screen large numbers of people
without the need for an ofﬁce visit,10 a major barrier to CRC screening.11
Hemoglobin is unstable at high temperatures
and current fecal-based CRC screening tests do not
have prominent temperature-related warnings.12,13
As experience with FIT accumulates, there is
emerging concern that hemoglobin in collected
samples may degrade when exposed to high ambient temperatures during transportation, potentially
lowering the test’s ability to detect preclinical lesions. However, few studies exist on FIT performance characteristics in real-life settings under
varying climatic conditions, particularly with
mounting concerns about climate change. Only a
few prior studies have tried to examine the relationship of ambient temperature exposure with
FIT performance.12,13 Those studies were relatively small, had limited ability to link FITs to each
test’s individual level of ambient temperature exposure, and reached conﬂicting conclusions. To our
knowledge, no previous studies have examined the
association between ambient temperature and FIT
sensitivity.
In this study, we examined the association between exposure to high ambient temperatures at
and the positivity rate and sensitivity of FIT in a
high-volume population-based CRC screening
program in western United States.

Data Sources
Patients’ age, sex, race/ethnicity, medical history,
socioeconomic characteristics based on Census
data, and residence (deﬁned below) were obtained
from electronic databases. Receipt of colonoscopy
or sigmoidoscopy was identiﬁed using codes from
the Current Procedural Terminology and International Classiﬁcation of Diseases, ninth edition,
Clinical Modiﬁcation.
The FIT result dates were obtained from electronic laboratory databases. We obtained the minimum and maximum daily ambient temperatures
and elevation at weather stations from US National
Oceanic and Atmospheric Administration (NOAA).
We did not have the exact dates patients collected
or mailed the specimen, or the date kits were received in the laboratory. Thus, the temperature
exposure was assessed by linking each test to 4
dates, at 3 separate locations along a posited sample
transportation route: the city of the laboratory on
the result date; the city of the central specimen
receiving facility on the day before the result date;
and at the weather station in the major city of the
geographical region where a patient resided on
the dates 2 and 3 days before the result date. The
average of the measurements at each of these locations was used to deﬁne the temperature exposure
variables. In cases of multiple weather stations in a
region, measurements were weighted using the inverse of the elevation, accounting for potentially
lower temperature and population density at higher
elevations. The patient’s region of residence was
based on the KPNC medical center location where
she or he received the majority of his or her care
and were grouped as Alameda County, San Francisco/Peninsula/San Jose, Walnut Creek/Diablo,
North Bay, Central Valley, Fresno, and Sacramento. Tests performed in patients who received
their care from contractor services or had missing
location information were excluded (n ⫽ 4532).
We categorized FIT results according to the
weeks of each year, months,and seasons. Seasons
were categorized as spring, summer, fall, and
winter based on equinoxes and solstices. For ease
of interpretation, we also combined months with
similar average temperatures (December/January, February/March, April/November, May/October, June/July, and August/September).
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Weekly temperatures were estimated using
time-series methods. Tests were assigned into 5
mutually exclusive groups using the average maximum temperatures aggregated over weekly intervals in each study year. The highest and lowest
temperature groups were the weeks with maximum
temperatures that were 1.25 S.D. above or below
the weekly mean in each year, respectively, and the
middle category was the mean ⫾ 0.25 S.D. We also
assessed temperature levels according to deciles in
sensitivity analysis.
Outcomes
The primary outcomes were the FIT positivity
rates, deﬁned by a hemoglobin concentration of
100 ng/mL of buffer (⬎20 micrograms hemoglobin/gram feces), and diagnosis of CRC that was
obtained from cancer registry as has been described
previously.14 Right-sided (vs left-sided) cancers
were deﬁned as those within or proximal to the
splenic ﬂexure. FIT sensitivity calculations were
based on any CRC diagnosed within 12 months
after the test result date. Sensitivity analysis using a
24-month time interval from the result date to
cancer diagnosis found similar patterns of results.
Statistical Analysis
We used time-series techniques to aggregate FIT
positivity rates, and the minimum and maximum
ambient temperatures, in weekly time periods for
each calendar year over the study years. The modiﬁed Dickey-Fuller test to assess the statistical signiﬁcance of observed variations.
Associations between temperature exposure
variables and the FIT positivity rate were examined
using generalized estimating equations logistic regressions, to account for multiple tests within individuals. We adjusted for age, sex, and race/ethnicity
to minimize spectrum bias. We derived rate (relative) ratios (RRs) and 95% conﬁdence intervals (CI)
using predictive margins from the model estimation results.
For analysis of FIT sensitivity, we ﬁrst used
contingency tables to obtain crude FIT sensitivity.
To minimize incomplete ascertainment of incident
CRC cases in the FIT sensitivity analysis, we only
included tests of patients who remained enrolled
onto KPNC for at least 12 months after the result
date (n ⫽ 1,141,163), irrespective of the age at
completing FIT. In our analysis, sensitivity was the
probability of a positive FIT result given CRC
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years of a sigmoidoscopy, or within 1 year of a prior
positive fecal occult blood test were also excluded.

Table 1. Characteristics of the Cohort, Kaiser
Permanente–Northern California (KPNC) 2006 to 2013
Characteristics, %

N (472,541)

%

204,019
111,756
72,076
52,149
32,541
254,632

43.2
23.7
15.3
11.0
6.9
53.9

269,639
34,369
57,729
68,683
2,197
18,959
20,965

57.1
7.3
12.2
14.5
0.5
4.0
4.4

80,225
158,877
46,550
47,001
26,840
105,783
7,265

17.0
33.6
9.9
9.9
5.7
22.4
1.5

100,498
98,428
96,150
92,072
84,798

21.3
20.9
20.4
19.5
18.0

370,544
85,730
12,764
3,503

78.4
18.1
2.7
0.7

72,675
114,065
285,801

15.4
24.1
60.5

The cohort included 510,922 patients and 1,429,089
eligible FITs over the 7-year study period. A total
of 472,542 patients who completed 1,141,163 tests
with ⱖ12 months of followup were used for the
primary analyses. The majority of patients were
⬍65 years old (82.1%), women (53.9%), non-Hispanic whites (57.1%), and had been in KPNC for
10 years or longer (60.5%; Table 1).
The temperatures were reasonably normally distributed (Figure 1). On average, the maximum temperatures ranged from 27.6 ⫾ 8.8°C in Fresno to
17.2 ⫾ 3.5°C in the Bay area; the average low
temperatures ranged from 7.9 ⫾ 3.7°C in the
North Bay to 12.5 ⫾ 6.3°C in Fresno (data are not
shown). The hottest months were August and September and the coldest were December and January (Table 2). The daily maximum temperatures
based on our 5-level exposure variable ranged from
13.6°C (range, 5.4 to 22.7) in the lowest temperature group to 23.2°C (range, 13.3 to 43.1) in the
fourth group and 24.4°C (range, 15.7 to 37.2°C) in
the ﬁfth.

Age, years
50 to 54
55 to 59
60 to 64
65 to 69
70 to 74
Females
Race-ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanics/Latinos
Asian/Paciﬁc Islanders
Native Americans
Multiple race
Unknown
Geographical region
Alameda
San Francisco/Peninsula/South Bay
North Bay
Walnut Creek/Diablo
Central Valley
Sacramento
Fresno
Percentage of households below
federal poverty level, quintiles
1
2
3
4
5
Charlson Comorbidity Index
0
1
2
3⫹
Enrollment in health plan, years
2.0 to 4.99
5.0 to 9.99
10.0⫹

Association of Temperature with FIT Positivity Rate
The FIT positivity rate decreased with increasing
ambient temperatures (Figure 1). In time-series
analyses, weekly positivity rate ranged from 2.6%
to 8.0% (median, 4.4%). Signiﬁcantly higher
positivity rates occurred in weeks with lower
temperatures, and lower positivity rates occurred
in tandem with apparent spikes in ambient temperatures (modiﬁed Dickey-Fuller test P ⬍ .01;
Figure 2).

The positivity rate was highest during the ﬁrst 2
study years (2007 to 2008) and progressively lower
in subsequent years (2009 to 2013, P-value for
trend ⬍ .01). In analyses adjusted for age, sex, and
medical region, compared with tests performed in
2007 (positivity rate ⫽ 5.0), positivity rates were
similar in 2008 (positivity rate ⫽ 5.2; RR ⫽ 1.03;
CI, 0.99 to 1.07). The positivity rate was 4.4% in
2009 (RR ⫽ 0.89; 95% CI, 0.86 to 0.93); 4.3% in

Results

doi: 10.3122/jabfm.2016.06.160060

FIT for Colon Cancer Screening

675

J Am Board Fam Med: first published as 10.3122/jabfm.2016.06.160060 on 9 November 2016. Downloaded from http://www.jabfm.org/ on 17 January 2021 by guest. Protected by
copyright.

diagnosis within 12 months of the test date. Age,
sex, and race/ethnicity are associated with both the
positivity rate and risk of CRC diagnosis. Thus, we
obtained FIT sensitivities adjusted for age and sex
according to each temperature exposure variable
included in the model (months, seasons, or temperature levels) using generalized estimating equation
logistic regressions on all eligible observations by
including CRC diagnosis and the temperature indicator variables in the model. We used Bonferonni-adjusted P-values (adjusted ␣ ⫽ 0.05) to account for multiple comparisons to assess statistical
signiﬁcance of differences. All analyses were generated using STATA version 12.1 (StataCorp LLP,
College Station, TX).

and lowest in April (75.0%) through July (74.0%)
(Supplemental Table 2). The adjusted sensitivity of
FIT was lower for tests completed in June/July
(74.5%; 95% CI, 72.5 to 76.6) or August/September (75.6%; 95% CI, 73.6 to 77.6) than those completed in January/December (78.9%; 95% CI, 77.0
to 80.7). Similarly, sensitivity was signiﬁcantly
lower in the summer (75.0%; 95% CI, 73.0 to 77.0)
than in the winter (76.4%; 95% CI, 74.4 to 78.3%),
and autumn (78.6%; 95% CI, 76.8 to 80.5%) (Bonferonni corrected P ⬍ .01, Table 3). Sensitivity was
lower in the highest temperature (75.7%; 95% CI,
73.6 to 77.8) compared with the lowest (79.6%;
95% CI, 77.8 to 81.4) temperature weeks. The
Bonferonni corrected P-values for these comparisons were ⬍ .01, and was similar for deciles of mean
ambient temperatures (Supplemental Table 3).

Discussion

2010 (RR ⫽ 0.89; 95% CI, 0.85 to 0.92); 4.3%
in 2011 (RR ⫽ 0.92; 95% CI, 0.88 to 0.96); 4.0% in
2012 (RR ⫽ 0.85; 95% CI, 0.85 to 0.82); and in
2013, was 3.8% (RR ⫽ 0.82; 95% CI, 0.78 to 0.85).
In analyses performed according to months over
the study period, the positivity rate ranged from
3.9% during July to 5.8% during December (Table
2). In regression analyses, FIT positivity varied
signiﬁcantly by months of the year (June/July vs
December/January adjusted RR ⫽ 0.79; 95% CI,
0.76 to 0.83) and by season (summer vs winter:
RR ⫽ 0.93; 95% CI, 0.90 to 0.96; Figure 3). FIT
positivity rates were signiﬁcantly lower in weeks
with higher temperature levels compared with the
lower temperature weeks (adjusted RR ⫽ 0.81;
95% CI, 0.76 to 0.87) (Figure 3, Table 2).
FIT Sensitivity
A total of 1837 patients had CRC diagnosed within
12 months of a FIT result. The overall sensitivity of
FIT for detecting CRC was 75.8% (95% CI, 73.8
to 77.8) after adjustment for age, sex, and race/
ethnicity (Table 3) and the unadjusted sensitivity
was 77.6% (95% CI, 75.6 to 79.5) (Supplemental
Table 1). In analyses of FIT sensitivity by month,
the adjusted sensitivities were highest in January
(77.6%), October (78.0%), and December (80.7%)
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We used data from a large screening program in a
climatically diverse region to evaluate whether levels of ambient temperature were related to the
performance characteristics of FIT. Our results
showed that signiﬁcant seasonal variation in the
FIT positivity rate and lower sensitivity in hotter
months and season with higher temperatures.
Testing for fecal occult blood is the most commonly used method of CRC screening throughout
the world.10 Depending on whether the tests were
performed biennially or annually and whether the
tests were or were not rehydrated, use of guaiacbased fecal occult blood test can reduce CRC mortality by 15% to 33%,15–17 but the efﬁcacy of FIT
has not been assessed in randomized trials.3 Studies
have found greater adherence and acceptability
with FIT than with traditional fecal occult blood
test because of improved collection devices, fewer
required samples, and no dietary restrictions.18,19
An added advantage is the ability to use high throughput techniques to enable mass screening. Consistent
with our ﬁndings, previous estimates of FIT sensitivity for CRC ranged from 65% to 80%.7,20
The performance of a mailed FIT sample is
predicated on the ability to preserve globin molecules that may be present in the specimen until it is
tested. A Korean study did not ﬁnd a signiﬁcant
relationship between high ambient temperature exposure on the neoplasia detection rate13 and a
French study reported no correlation between FIT
positivity rate and the season of FIT testing.21 A
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Figure 1. Distribution of temperatures across the
regions over the study period, Kaiser Permanente–
Northern California (KPNC) 2007 to 2013. Note: The
horizontal reference line is for the model probability
of a positive test (0.045). The temperature
distribution in Celsius used the average of the daily
minimum and maximums of the entire regions and
study period; the average for the 4 temperature
categories is: 1, 9.6°C; 2, 11.7°C; 3, 14.3°C; 4, 17.5°C;
and 5, 18.7°C.

Temperature Categories
Temperature levels
1 (lowest)
2
3
4
5 (highest)
Seasons
Winter
Spring
Summer
Autumn
Test result month (individually)
January
February
March
April
May
June
July
August
September
October
November
December
Test result month (grouped in pairs)
December/January
February/March
April/November
May/October
June/July
August/September

Average of the
Minimum–Maximum, °C,
mean (range)

Positive %

Positivity Rate Ratio
(95% Conﬁdence Interval)

9.6 (8.0 to 11.1)
11.7 (10.3 to 12.9)
14.3 (12.7 to 15.8)
17.5 (15.5 to 19.4)
18.7 (16.7 to 20.7)

5.5
4.4
4.4
4.2
4.3

1.00
0.82 (0.78 to 0.86)
0.82 (0.77 to 0.86)
0.78 (0.75 to 0.82)
0.81 (0.76 to 0.86)

10.9 (9.5 to 12.4)
14.8 (12.6 to 16.5)
18.3 (16.1 to 20.1)
15.4 (13.1 to 17.9)

4.5
4.1
4.2
5.1

1.00
0.92 (0.90 to 0.96)
0.93 (0.90 to 0.96)
1.13 (1.09 to 1.17)

10.0 (8.5 to 11.7)
11.0 (9.8 to 12.4)
11.8 (10.4 to 13.0)
13.5 (11.8 to 14.9)
15.2 (13.5 to 16.5)
17.3 (15.3 to 19.0)
18.1 (16.1 to 19.8)
18.5 (16.2 to 20.5)
18.9 (16.7 to 20.9)
17.2 (15.4 to 18.6)
13.7 (11.8 to 15.5)
9.9 (8.4 to 11.5)

4.8
4.3
4.3
4.2
4.1
4.1
3.9
4.2
4.4
4.9
5.2
5.8

0.83 (0.77 to 0.90)
0.74 (0.69 to 0.79)
0.75 (0.70 to 0.80)
0.73 (0.68 to 0.77)
0.72 (0.67 to 0.77)
0.72 (0.67 to 0.77)
0.69 (0.64 to 0.74)
0.74 (0.69 to 0.79)
0.77 (0.71 to 0.82)
0.85 (0.79 to 0.91)
0.91 (0.84 to 0.98)
1.00

10.0 (8.4 to 11.7)
11.4 (10.2 to 12.7)
13.6 (11.8 to 15.1)
15.9 (14.1 to 17.4)
17.7 (15.7 to 19.4)
18.6 (16.4 to 20.6)

5.2
4.3
4.5
4.4
4.0
4.3

1.00
0.84 (0.80 to 0.88)
0.87 (0.83 to 0.91)
0.86 (0.82 to 0.90)
0.79 (0.76 to 0.83)
0.84 (0.80 to 0.88)

Ambient temperature levels were deﬁned using the mean and 1.25 times the standard deviation (SD) of maximum temperatures by
year aggregated over weekly intervals, ⬎mean ⫹ 1.25 SD, ⬎mean, ⬎means-1.25 SD, and ⬍means ⫹ 1.25 SD (reference), in that
order. Thus, the highest and lowest temperature levels were 1.25 times the level above or below the mean, respectively.
Each set of estimates (by level, month, and by season of the year) was generated individually using generalized estimating equations
with logit link and exchangeable covariance matrix, adjusted for age, sex, and medical region. The estimates are relative ratios from
the predictive margins.

larger study of 199,654 FITs performed in Florence, Italy, reported 17% lower probability of a
positive result in the summer compared with tests
performed in the winter, and the probability of
detecting cancer or advanced adenomas was also
lower in the summer.12 Despite not having exact
measures of temperature exposure, we found seasonality and performance variation by temperature
exposure levels, suggesting that FIT performance
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varies signiﬁcantly at various ambient temperature
exposures during transportation. These ﬁndings
suggest the potential for substantially higher variation in FIT performance in programs using FIT
and a need for particular attention to environmental factors to preserve specimen integrity. The effects of temperature may also compound lower
programmatic performance from suboptimal adherence. We also observed a statistically signiﬁcant
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Table 2. Temperature Ranges and Positivity Rates and Adjusted Rate Ratios for Associations of Daily Ambient
Temperatures with Fecal Immunochemical Test Positivity Rate, Kaiser Permanente–Northern California (KPNC)
2007 to 2013

lower positivity rate over the course of the study
period. This likely represents the presence of prevalent cancers and thus higher yield during the initial screening round whereas subsequent rounds
may be detecting incident cancers.
The variation in weekly positivity rate we observed (2.6% to 8.0%) was large relative to the
observed variation in sensitivity of the test. This
suggests that the test performs well over a relatively

Figure 3. Association of positivity rate by season, month,
and temperature levels, Kaiser Permanente–Northern
California (KPNC) 2007 to 2013. *, Each set of estimates
(by levels, by month, and by season of the year) was
generated, separately, using predictive margins from the
logistic regression adjusted for age, race/ethnicity, and
sex using the generalized estimating equations approach
with exchangeable covariance matrix.
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wide range of temperature exposures, although the
best performance is achieved during periods of low
ambient temperatures such as October through
January in our study. However, such optimal time
periods may vary depending on climatic conditions
in a particular part of the world and over time.
Previous studies suggest that hemoglobin may remain in sufﬁcient quantities to be detected even
after heat exposure,21,22 but may need a lower positivity threshold. This may also account for the
relatively small variation in sensitivity, consistent
with previous studies suggesting that cancerous lesions produce larger amounts of occult blood than
nonmalignant sources of bleeding,23,24 but such
hypotheses require further study.
This study has some limitations. The effect of
ambient temperatures on the FIT sample depends
on many factors including storage conditions in
mailboxes and postal facilities, direct exposures to
high temperatures, and durations of exposures.
Specimens stored in a vehicle, for example, may
degrade faster because of heat build-up or slower if
high temperatures trigger protective processes such
as air conditioning. These unmeasured factors may
have modiﬁed the associations between ambient
temperature and test performance, leading to less
precise estimates. We did not have exact measurements for level of heat exposure on individual kits
during transportation and the length of time
samples were exposed to heat (at the home of
patients, during transit, and/or at the receiving
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Figure 2. Seasonal variation in the positivity rate of fecal immunochemical test, Kaiser Permanente–Northern
California (KPNC) 2007 to 2013. Note: The figure was generated using time series analysis methods for the
minimum and maximum air temperatures (min–max temperatures, °C) and the positivity rates aggregated
according to week over the study years. The positivity rate ranged from 2.6% to 8.0%). The false-positive rates
paralleled the positivity rate such that the higher the positivity rate, the higher the false-positivity rate.
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1837
131
465
260
845
136
348
554
593
342
161
294
283
333
380
386

1,141,162

60,197
322,864
160,516
528,129
69,456

239,873
393,119
340,998
167,172

87,825
220,792
175,195
204,814
249,656
202,880

Cases

127
229
218
259
299
293

269
427
460
269

103
361
203
657
101

1425

Positive

79.0 (77.0 to 80.7)†
75.7 (73.7 to 77.7)
76.4 (74.4 to 78.3)
76.2 (74.3 to 78.2)
74.5 (72.5 to 76.6)
75.6 (73.6 to 77.6)

76.4 (74.4 to 78.3)†
74.9 (73.0 to 77.0)
75.0 (73.0 to 77.0)
78.6 (76.8 to 80.5)

79.6 (77.8 to 81.4)
76.2 (74.3 to 78.2)
76.0 (74.0 to 78.0)
75.2 (73.2 to 77.2)
75.7 (73.6 to 77.8)

75.8 (73.8 to 77.8)

Adjusted
sensitivity, %*

54
118
107
148
138
135

132
235
210
123

39
186
107
330
38

700

Cases

38
86
81
117
106
97

95
176
159
95

29
135
83
251
27

525

Positive

75.9 (72.8 to 79.1)
72.4 (69.0 to 75.8)
73.2 (70.0 to 76.5)
73.3 (70.0 to 76.6)
71.1 (67.8 to 74.7)
72.4 (69.0 to 75.8)

73.2 (69.9 to 76.5)
71.6 (68.2 to 75.0)
71.8 (68.3 to 75.2)
75.7 (72.6 to 78.9)

76.9 (73.8 to 80.0)
73.0 (70.0 to 76.4)
72.8 (69.5 to 76.2)
72.0 (68.6 to 75.4)
72.6 (69.2 to 76.1)

72.6 (69.2 to 75.9)

Adjusted
sensitivity, %*

Right-Sided Cancers

106
174
173
182
239
250

215
315
379
215

91
275
150
510
98

1124

Cases

89
141
135
141
191
196

173
249
299
172

74
223
119
403
74

893

Positive

80.9 (78.7 to 83.1)
78.0 (75.5 to 80.4)
78.6 (76.2 to 81.0)
78.5 (76.1 to 81.0)
76.9 (74.3 to 79.4)
78.0 (75.5 to 80.3)

78.6 (76.2 to 81.0)
77.3 (75.8 to 79.8)
77.3 (74.8 to 80.0)
80.6 (78.5 to 83.0)

81.6 (79.4 to 83.8)
78.4 (76.0 to 81.0)
78.2 (76.0 to 80.7)
77.5 (75.0 to 80.0)
77.9 (75.4 to 80.4)

78.3 (75.9 to 80.7)

Adjusted
sensitivity, %*

Left-Sided Cancers

Ambient temperature levels were deﬁned using the mean and 1.25 times the standard deviation (SD) of maximum temperatures by year aggregated over weekly intervals, ⬎mean ⫹ 1.25 SD,
⬎0.25mean, ⬎means-0.25 SD, ⬎means-1.25 SD and ⬍means-1.25 SD (reference), in that order. Thus, the highest and lowest temperature levels were 1.25 times the level above or below the
mean, respectively.
*The P-values for the differences in sensitivities in pair-wise comparison using Bonferonni correction were all ⬍ .01 relative to this group.
†This model was adjusted for age, race/ethnicity, and sex. All models included a variable on colorectal cancer diagnosis and the sensitivity was derived using a predictive margins conditioned on
cancer diagnosis.

Overall
Temperature levels
1 (Lowest)
2
3
4
5 (Highest)
Seasons
Winter
Spring
Summer
Autumn
Test result month
December/January
February/March
April/November
May/October
June/July
August/September

Tests, n

All Cases

Table 3. Fecal Immunochemical Test Sensitivity for All Cases According to Regions, Seasons, Months and Temperature Levels and by Location of Tumors, Kaiser
Permanente–Northern California (KPNC) 2007 to 2013
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kits about sensitivity to heat, and other methods for
minimizing high temperature exposures may help
optimize FIT performance. However, these measures may also increase testing complexity and reduce patient adherence, thus requiring careful
study. Another implication is that, in some regions
or seasons, it may be inadvisable to send or receive
FIT in the mail if protection from heat exposure
cannot be assured. Further research is needed to
ascertain ambient temperature levels at which FIT
testing may be inadvisable.
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