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Abstract
For the first time, National Health and Nutrition Examination Survey released data on ethylene oxide (ETO) into public domain
for US children aged 6–11 years, adolescents aged 12–19 years, and adults aged ≥ 20 years for 2013–2016. This study was
undertaken to evaluate the associations between concentrations of ETO in whole blood and smoking, exposure to environmental
tobacco smoke (ETS), and self-reported diagnosis of cancers including breast cancer. Both adolescent (29.6 vs. 49.6 pmol/g Hb,
p < 0.01) and adult smokers (31.5 vs. 142.7 pmol/g Hb, p < 0.01) were found to have substantially higher adjusted levels of
ethylene oxide than nonsmokers. Non-Hispanic blacks had higher levels of ethylene oxide than other race/ethnicities for children
and adolescents. Non-Hispanic Asians had higher levels of ethylene oxide than other race/ethnicities for adults. Exposure to ETO
measured by the number of smokers smoking inside the home (p < 0.01) and number of days smokers smoked inside the home
(p = 0.03) during the prior week was found to be associated with elevated levels of ETO (p < 0.01) among US adults. Increased
age was associated with elevated levels of ETO among adolescents (p = 0.02) and adults (p < 0.01) but the reverse was true for
children (p = 0.04). For the general US population, levels of ETO were not found to be associated with cancers including breast
cancer.
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Introduction

Ethylene oxide (ETO), produced for commercial use by cata-
lytic oxidation of ethylene, is a flammable gas which easily
dissolves in water, alcohol, and most organic solvents
(ATSDR 1990). Produced in large quantities, it is used to
make various organic chemicals such as ethylene glycol,
ethanolamines, simple and complex glycols, and polyglycol
ethers. In small quantities, it is also used to sterilize medical
equipment and supplies in hospitals. It is also used as a
fumigant to spray agricultural products. It is emitted from
fossil fuels such as petroleum, natural gas, and coal, and
from tobacco products (NIH, US Library of Medicine,

2019). People may be exposed to ETO if they work in indus-
tries that produce or use ETO. Nurses, doctors, and others who
work in hospitals may also be exposed to ETO. ETO can be
inhaled from cigarette smoke, environmental tobacco smoke
(ETS), and vehicle exhaust.

According to a document (USEPA 2016) by US
Environmental Protection Agency “… in EtO-manufacturing
facilities and in sterilizing facilities, there is a strong evidence
of an increased risk of cancer of the lymphohematopoietic
system and of breast cancer in females…” and there is a “…
clear evidence that EtO is genotoxic and sufficient weight of
evidence to support a mutagenic mode of action for EtO car-
cinogenicity ...”As per USEPA, “… concentration of ethylene
oxide associated with 1-in-a-million cancer risk, for a life time
of continuous exposure, is 0.0002 μg/m3” (https://www.epa.
gov/il/ethylene-oxide-emissions-frequent-questions).
According to a 2018 document of International Agency for
Cancer Research (IARC 2018), “there is limited evidence in
humans for a causal associations of ethylene oxide with
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lymphatic and haematopoietic cancers … and breast cancer.”
In a very recent review article, however, Vincent et al. (2019)
concluded that USEPA’s classification of ETO as a human
carcinogen overstates the underlying evidence and grossly
overstates the risk. Olaguer et al. (2019) reported on an air
quality modeling study in neighborhoods of a sterilization
facility in Michigan and concluded the peak 24-h exposure
to ETO to be “… 1.83 μg/m3 above the background level,
corresponding to an additional cancer risk of approximately
one in one hundred…” Bogen et al. (2019) questioned
USEPA’s reliance to compute risk estimates on National
Institute of Occupational Safety AndHealth’s epidemiological
studies on sterilization facility workers exposed to ETO be-
tween 1938 and 1986. Marsh et al. (2019) executed a meta-
analysis of 13 studies that reported on lympho-hematopoietic
cancers and breast cancer risk among persons occupationally
exposed to ETO. According to these authors (Marsh et al.
2019), based on epidemiological studies published between
2000 and 2010, exposure to ETO among ETO production
and sterilization workers was not found to carry an increased
risk of lympho-hematopoietic and breast cancers.

US National Health and Nutrition Examination Survey
(NHANES, CDC 2020a) conducted by Centers for Disease
Control and Prevention collected data on US non-
institutionalized residents and released these data into public
domain every 2 years. In addition to collecting data on per-
sonal and health attributes, urine and blood samples were also
collected for NHANES participants. Starting 2011–2012 cy-
cle of NHANES, data on over 30 metabolites of volatile or-
ganic compounds in urine were made available for public use
for one-third of NHANES participants aged ≥ 6 years. Among
the metabolites for which data were made available was N-
ace-S-(2-hydroxyethyl)-L-Cys (ng/mL) or HEMA which is a
metabolite of ETO and acrylonitrile as well as vinyl chloride.
Jain (2015) showed children aged 6–11 years exposed to ETS
to have higher levels of HEMA than nonsmoker adults aged ≥
20 years (1.3 vs. 0.8 ng/mg creatinine, p < 0.01). Among ad-
olescents aged 12–19 years, smokers were found to have
higher adjusted levels of HEMA than nonsmokers (1.5 vs.
1.0 ng/mL, Jain 2016). St Helen et al. (2014) showed a three-
fold increase in the levels of HEMA among 14 nonsmokers
exposed to 8 h of smoke in an automobile from a smoker in
the driver’s seat. Among 17 smokers who stopped smoking,
decrease in the levels of HEMA was 81–90% after 3 days
(Carmella et al. 2009). Starting 2013–2014 cycle of
NHANES, data were made available for ETO in whole blood.
Consequently, this study was undertaken to evaluate the asso-
ciations between observed concentrations of ETO and main-
stream smoking, ETS, and self-reported diagnosis of cancers
including breast cancer. Data for NHANES for 2013–2016
will be used for this purpose.

While link between breast and other cancers and ETO ex-
posure has been suggested for those working in ETO

manufacturing and sterilization facilities, the availability of
data on ETO for general population does provide an opportu-
nity to assess if there may be a link between cancer and ETO
exposure in general population.

NHANES did not directly collect data on physician diag-
noses but it did collect data on self-reported physician diag-
noses including cancer diagnosis. The NHANES participants
aged ≥ 20 years were asked if they have ever been told by a
doctor or other health care professionals that they had cancer
or a malignancy of any kind (CDC 2017a). The participants
may answer yes or no, refuse to answer the question, or may
say they do not know if they have ever been told about the
cancer diagnoses. Follow-up questions were asked about what
types of cancer they have been diagnosed with. While it was
of substantial importance to know if ETO exposure and pres-
ence of cancer among NHANES participants were linked but
in the absence of historical data on both cancer and ETO
exposure, this possible association could not be established.
Even if the participants admitted to having been diagnosed
with cancer at any time in the past, without the availability
of historical ETO exposure data, it was not possible to estab-
lish an association. However, in spite of this and other limita-
tions, self-reported cancer diagnosis was included as an inde-
pendent variable in the model fitted for those aged ≥ 20 years.
In addition, for female data, diagnosis of breast cancer was
also used as an independent variable in the model fitted for
females aged ≥ 20 years.

The aim of this study was to evaluate the associations be-
tween observed concentrations of ETO and mainstream
smoking, ETS, and self-reported diagnosis of cancers includ-
ing breast cancer. Data will be separately analyzed for US
children, adolescents, and adults.

Materials and methods

NHANES data for 2013–2016 on ETO, demographics, serum
cotinine, body measures, medical questionnaire, and exposure
to environmental tobacco smoke (ETS) in home were
downloaded for US residents aged ≥ 6 years. Three databases,
one each for children aged 6–11 years, adolescents aged 12–
19 years, and adults aged ≥ 20 years were generated. Age-
specific body mass index percentiles (BMIPCT) using the
growth curves for US children and adolescents (CDC
2020b) were generated using the software provided by the
US Centers for Disease Control and Prevention (CDC
2020c). Using recommendations provided by Jain (2018), ad-
olescents with serum cotinine levels ≥ 0.765 ng/mL and adults
with serum cotinine ≥ 3.3 ng/mL were classified as smokers.
All children were assumed to be nonsmokers. Data on expo-
sure to ETS at homewere estimated by the number of smokers
smoking inside home (N_SMK) and the number of days
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smokers smoked (D_SMK) inside during the last 7 days
(CDC 2017b).

Separate regression models were fitted for children, adoles-
cent, and adults to estimate factors affecting observed levels of
ETO. University Edition SAS (www.sas.com) Procs FREQ,
UNIVARIATE, and SURVEYREGwere used to analyze data.
Since data on ETO have been positively skewed, log10
transformed values of ETO were used as dependent
variables for each of the three regression models fitted to
estimate factors affecting observed levels of ETO.
Independent variables used in all three models were gender
(male, female), race/ethnicity (non-Hispanic white or NHW,
non-Hispanic black or NHB, Mexican Americans or MA,
Hispanics other than Mexican Americans or OHISP, non-
Hispanic Asians or NHAS, and other unclassified race and
ethnicities or OTH), age in years, poverty income ratio, N_
SMK, and D_SMK.Models for children and adolescents used
BMIPCT and models for adults used log10 transformed
values of body mass index as independent variables to evalu-
ate the effect of body habitus. In order to estimate the effect of
smoking, smoking status (nonsmoker, smoker) was also used
as an independent categorical variable for the models fitted for
adolescents and adults. Self-reported diagnoses of cancers
were included as an ordinal variable for the models fitted for
adults. All models used sampling weights and sampling de-
sign information on strata and clustering.

Sample sizes used for the analysis are given in Table 1.
Table 2 provides data on unadjusted geometric means

(UGM) and Table 3 provides data on adjusted geometric
means (AGM). Table 4 provides data on associations as re-
gression slopes between log10 transformed values of ETO and
selected independent variables.

Results

Male adults had higher UGM for ETO than female adults
(44.7 vs. 39.0 pmol/g Hb, p < 0.01; Table 2). NHB had the
highest UGMs for ETO among various other race/ethnicities.
The order of UGMs by race/ethnicity for children was NHB
(41.4 pmol/g Hb) > NHAS (39.8 pmol/g Hb) > MA
(32.3 pmol/g Hb) > OTH (31.6 pmol/g Hb) > OHISP
(31.2 pmol/g Hb) > NHW (30.6 pmol/g Hb). For adolescents,
this order was as follows: NHB (37.9 pmol/g Hb) > OTH
(33.9 pmol/g Hb) > NHAS (31.6 pmol/g Hb) > NHW
(30.8 pmol/g Hb) > OHISP (29.5 pmol/g Hb)) > MA
(28.8 pmol/g Hb). The order of UGMs by race/ethnicity for
adults was NHB (59.4 pmol/g Hb) > OTH (44.8 pmol/g
Hb) > NHW (40.4 pmol/g Hb) > NHAS (39.8 pmol/g Hb) >
OHISP (39.4 pmol/g Hb) > MA (35.3 pmol/g Hb).
Adolescent smokers had more than twice the UGM for ETO
than adolescent nonsmokers (55.9 vs. 27.2 pmol/g Hb,
p < 0.01, Table 2). Adult smokers had more than five times
the UGM for ETO than adult nonsmokers (141.0 vs.
26.4 pmol/g Hb, p < 0.01, Table 2).

Table 1 Unweighted sample sizes by age group, gender, race/ethnicity, smoking status, and self-reported cancer and breast cancer diagnosis for US
residents aged ≥ 6 years. Data from National Health and Nutrition Examination Survey 2013–2016

Comparison group Variable Age group

6–11 Years 12–19 Years ≥ 20 Years

N % N % N %

Total population Total 650 100.0 776 100.0 3955 100.0

Gender Males 331 50.9 379 48.8 1982 50.1

Females 319 49.1 397 51.2 1973 49.9

Race/ethnicity Non-Hispanic white 164 25.2 205 26.4 1627 41.1

Non-Hispanic black 150 23.1 176 22.7 814 20.6

Mexican American 153 23.5 177 22.8 558 14.1

Other Hispanics 80 12.3 88 11.3 410 10.4

Non-Hispanic Asians 55 8.5 79 10.2 417 10.5

Others 48 7.4 51 6.6 19 0.5

Smoking status* Nonsmoker Not applicable 601 77.4 2428 61.4

Smoker Not applicable 166 21.4 1473 37.2

Self-reported cancer diagnosis Yes Not applicable Not applicable 362 9.2

No Not applicable Not applicable 3593 90.8

Self-reported breast cancer diagnosis Yes Not applicable Not applicable 54 2.7

No Not applicable Not applicable 1919 97.3

*Data on smoking status was missing for 9 adolescents and 54 adults
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While adjusted ETO levels were almost similar for children
and adolescents at 34.2 and 38.3 pmol/g Hb, the adjusted
levels were substantially higher among adults at 67.1 pmol/g
Hb (Table 3). AGMs for ETO did not differ by gender for
children, adolescents, and adults (Table 3). NHB children
had statistically significantly higher AGMs for ETO
(41.4 pmol/g Hb, Table 3) than NHW (30.1 pmol/g Hb,
Table 3, p < 0.01), MA (32.4 pmol/g Hb, Table 3, p < 0.01),
and OHISP (31.8 pmol/g Hb, Table 3, p < 0.01). AGMs for
ETO for adolescents did not differ by race/ethnicity (Table 3).
NHB adults had higher AGMs (68.8 pmol/g Hb, Table 3) than
NHW (60.0 pmol/g Hb, Table 3, p = 0.03). NHAS adults had

higher AGMs for ETO than NHW (74.6 vs. 60.0 pmol/g Hb,
Table 3, p < 0.01) and MA (74.6 vs. 63.9 pmol/g Hb, Table 3,
p = 0.04). Adolescent smokers had higher ETO than non-
smokers (49.6 vs. 29.6 pmol/g Hb, Table 3, p < 0.01).
Adjusted levels of ETO for adult smokers were more than four
times the levels for adult nonsmokers (142.7 vs. 31.5 pmol/g
Hb, Table 3, p < 0.01).

Among adolescents (β = 0.01424, p = 0.02, Table 4)
and adults (β = 0.00125, p < 0.01, Table 4), age was pos-
itively associated with the levels of ETO meaning ad-
justed levels of ETO increased as participants became
older. When the model for adults was fitted with just

Table 2 Unadjusted geometric
means with 95% confidence
intervals in pmol/g Hb for ethyl-
ene oxide in whole blood by age
group, gender, race/ethnicity,
smoking status, and cancer diag-
nosis for US residents aged ≥
6 years. Data from National
Health and Nutrition Examination
Survey 2013–2016

Comparison
group

Variable Age group

6–11 Years 12–19 Years ≥ 20 Years

Total
population

Total 32.6 (31.4–33.9) 31.5
(29.1–34.0)

41.7 (38.7–44.9)

Gender Males (M) 33.0 (31.1–34.9) 32.4
(29.8–35.3)

44.7 (41.3–48.3)

Females (F) 32.3 (30.1–34.6) 30.5
(27.1–34.5)

39.0 (35.7–42.5)

SSD* M> F (p < 0.01)

Race/ethnicity Non-Hispanic
white
(NHW)

30.6 (28.8–32.5) 30.8
(26.9–35.3)

40.4 (36.3–44.9)

Non-Hispanic
black
(NHB)

41.4 (38.0–45.1) 37.9
(34.0–42.2)

59.4 (53.7–65.8)

Mexican
American
(MA)

32.3 (30.4–34.3) 28.8
(27.3–30.4)

35.3 (33.3–37.4)

Other
Hispanics
(OHISP)

31.2 (28.1–34.7) 29.5
(26.7–32.6)

39.4 (34.5–44.9)

Non-Hispanic
Asians
(NHAS)

39.8 (36.3–43.5) 31.6
(28.1–35.5)

39.8 (36.8–43.0)

Others (OTH) 31.6 (27.8–35.9) 33.9
(20.8–55.1)

44.8 (36.3–55.3)

SSD* NHW<NHB (p < 0.01),
NHW<NHAS
(p < 0.01), NHB>MA
(p < 0.01),
NHB>OHISP
(p < 0.01),
NHB>OTH
(p < 0.01),
MA <NHAS
(p < 0.01), OHISP >
NHAS (p < 0.01)

NHB>MA
(p < 0.01),
NHB>OHI-
SP (p < 0.01)

NHW<NHB (p < 0.01),
NHB >MA (p < 0.01),
NHB >OHISP
(p < 0.01),
NHB >NHAS
(p < 0.01)

Smoking
status

Nonsmoker
(NSM)

No data 27.2
(25.6–28.8)

26.4 (25.3–27.5)

Smoker
(SMK)

No data 55.9
(46.1–67.7)

141.0 (125.5–158.4)

SSD* NSM< SMK
(p < 0.01)

NSM< SMK (p < 0.01)

*SSD, statistically significant differences with p values adjusted for multiple comparisons by Tukey-Kramer
method
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the females in the model, age was still positively asso-
ciated with the levels of ETO (β = 0.00102, p = 0.03).
However, among children, younger children had higher
ETO levels than older children (β = − 0.01079, p = 0.04,
Table 4). Among adults, BMI was negatively associated
with the levels of ETO (β = − 0.01853, p < 0.01,
Table 4). It was only among adults that exposure to
ETS was associated with higher levels of ETO (β =
0.08464, p < 0.01, for the number of smokers smoking

inside the home and β = 0.02043, p = 0.021, for the num-
ber of days smokers smoked inside the home in the prior
week). ETO exposure inside the home was not found to
affect ETO levels among children and adolescents
(Table 4). Self-reported diagnosis of cancer was not
found to affect adjusted levels of ETO (β = − 0.01511,
p = 0.34, Table 4). Self-reported diagnosis of breast can-
cer among females was also not found to affect adjusted
levels of ETO (β = 0.02118, p = 0.52, Table 4).

Table 3 Adjusted geometric
means with 95% confidence
intervals in pmol/g Hb for ethyl-
ene oxide in whole blood by age
group, gender, race/ethnicity,
smoking status, and cancer diag-
nosis for US residents aged ≥
6 years. Data from National
Health and Nutrition Examination
Survey 2013–2016

Comparison
group

Variable Age group

6–11 Years 12–19 Years ≥ 20 Years

Total
population

Total 34.2 (32.9–35.5) 38.3
(34.2–42.-
8)

67.1 (63.4–71.0)

Gender Males (M) 34.5 (32.8–36.3) 39.3
(35.3–43.-
8)

65.8 (61.6–70.2)

Females (F) 33.9 (31.6–36.4) 37.3
(32.4–42.-
9)

68.4 (64.1–73.0)

SSD

Race/ethnicity Non-Hispanic
white
(NHW)

30.1 (28.4–32.0) 35.9
(31.4–41.-
1)

60.0 (56.0–64.4)

Non-Hispanic
black
(NHB)

41.4 (38.3–44.8) 40.3
(36.3–44.-
8)

68.8 (64.6–73.3)

Mexican
American
(MA)

32.4 (30.5–34.3) 34.9
(31.9–38.-
2)

63.9 (58.6–69.7)

Other
Hispanics
(OHISP)

31.8 (28.6–35.2) 35.9
(31.7–40.-
7)

67.5 (61.9–73.5)

Non-Hispanic
Asians
(NHAS)

39.3 (35.4–43.7) 41.7
(35.1–49.-
6)

74.6 (67.7–82.3)

Others (OTH) 31.8 (28.1–36.0) 41.6
(27.6–62.-
6)

68.4 (60.0–78.1)

SSD* NHW<NHB (p < 0.01),
NHW<NHAS
(p < 0.01), NHB >MA
(p < 0.01),
NHB>OHISP
(p < 0.01), NHB >OTH
(p < 0.01),
MA <NHAS (p = 0.02)

NHW<NHB (p = 0.03),
NHW<OHISP
(p = 0.03),
NHW<NHAS
(p < 0.01), MA <NHAS
(p = 0.04)

Smoking
status

Nonsmoker
(NSM)

No data 29.6
(27.5–31.-
8)

31.5 (30.1–33.0)

Smoker
(SMK)

No data 49.6
(40.4–60.-
8)

142.7 (126.1–161.5)

SSD* NSM< SMK
(p < 0.01)

NSM < SMK (p < 0.01)

*SSD: statistically significant differences with p values adjusted for multiple comparisons by Tukey-Kramer
method
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Discussion

There was no evidence of a link between ETO and cancers
including breast cancer. Valdez-Flores et al. (2010) reported
on the analysis of the updated and pooled studies of over
19,000 workers, examined twelve cancer endpoints and six
cohorts or sub-cohorts, and reported none of these 72 combi-
nations resulted in a statistically significant increase in cancer
risks including the risks for leukemia, lymphohematopoietic
tissue, lymphoid tumors, and breast cancer. Thus, results re-
ported by Valdez-Flores et al. (2010) lend support to the find-
ings in this manuscript.

Kirman and Hays (2017) reported that the levels of endog-
enous equivalent concentrations in the blood of humans cor-
respond to external exposures of ETO between 0.13 and
6.9 ppb of ETO in the air. These ETO air concentrations are
orders of magnitude larger than EPA’s proposed maximum air
concentration of 0.0001 ppb and in the range of the Texas
Commission on Environmental Quality (TCEQ) proposed
maximum air concentration of 4 ppb (TECQ 2020). For this
study, smokers were found to have the maximum AGM of
142.7 pmol/g Hb for ETO among adult smokers. In order to
convert this AGM into equivalent ETO air concentrations, we
divided 142.7 by 10.9 in accordance with Eq. 3 of Kirman and
Hays (2017), and this came out to be 13.1 ppb. Thus, it can be
stated that ETO air concentration less than 13.1 ppb is not
likely to cause any type of cancer including breast cancer.

Smoking was associated with manifold higher levels of
ETO among US adults and 68% higher levels among US
adolescents compared with nonsmokers. These results are
not surprising. Among adults, exposure to ETSwas associated
with 21.5% higher levels of ETO for every additional smoker
smoking inside the house and with 4.8% higher levels of ETO
for every additional day smokers smoked inside the house

during the prior week. That too should not be surprising.
However, exposure to ETS could not be found to be associat-
ed with higher levels of ETO even though regression slopes
(Table 4) associated with both the number of smokers
smoking inside the home and number of days smokers
smoked inside the home the prior week were positive for both
adolescents and children (Table 4).We do not know the reason
for this but relatively small sizes for children and adolescents
may be responsible for this. Additional NHANES data in the
future may be helpful.

Conclusion

& There was no association between ETO whole blood con-
centrations and self-reported diagnosis of cancers includ-
ing breast cancer.

& Smoking was associated with elevated concentrations of
ETO for both US adults and adolescents.

& Exposure to ETSwas associatedwith increased levels of ETO
amongUS adults but not amongUS children and adolescents.

Limitations of the study

Data analysis for this study was limited by non-availability of
data on occupational exposure to ETO. To what degree this
limitation will affect the observed absence of association be-
tween cancers including breast cancer and ETO exposure is
not known. It will depend on the percent of adults selected for
participation in NHANES who actually worked in occupa-
tions where they may be exposed to ETO and to what degree
they may be exposed to additional levels of ETO in those
occupations. This introduces some level of uncertainty about

Table 4 Regression slopes with p values associated with various independent variables for models fitted for log10 transformed values of ethylene
oxide in pmol/g Hb. Data from National Health and Nutrition Examination Survey 2013–2016

Age group

6–11 Years 12–19 Years ≥ 20 Years

Males and females Females only

Age − 0.01079 (0.04)** 0.01424 (0.02)** 0.00125 (< 0.01)** 0.00102 (0.03)**

BMI percentile − 0.00027 (0.37) 0.00002 (0.95) No data No data

Log10 (body mass index) No data No data − 0.30378 (< 0.01)** − 0.09556 (0.17)

Poverty income ratio 0.00308 (0.51) − 0.01991 (0.02)** − 0.01853 (< 0.01)** − 0.01061 (0.12)

Fasting time 0.00097 (0.41) 0.00007 (0.98) 0.00078 (0.55) − 0.00017 (0.91)

No. of smokers smoking inside the home 0.01049 (0.69) 0.00866 (0.88) 0.08464 (< 0.01)** 0.09835 (< 0.01)**

No. of days in the prior week smokers
smoked inside the home

0.00309 (0.72) 0.01667 (0.41) 0.02043 (0.03)** − 0.00201 (0.81)

Ever diagnosed with cancer No data No data − 0.01511 (0.34) 0.02118 (0.52)

R2 10.9% 21.0% 57.6% 66.30%

**Statistically significant regression slopes
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null results obtained for the associations between ETO and
cancers. However, in the absence of any other information,
the only way to look at it is the R2 of the models that were
fitted. A low R2 depicts unexplained variability in the data
which may negatively reflect on the model conclusions ar-
rived at. However, for the models fitted for this study for
adults, R2 was 57.6% when both males and females were
modeled together and 66.3% when only females were
modeled. These are considered very healthy R2’s by any sta-
tistical standards. Consequently, there does not seem to be any
reason that should make observed null association between
cancer and ETO levels suspect.

Any statistical analysis, and, in particular, regression anal-
ysis with multiple predictors as was the case for this study, is
suspected to result in false positives as well as false negatives.
False positives meaning falsely detecting statistically signifi-
cant differences, when, in fact, they do not exist, can be, to
some degree, controlled by adjusting p values for the differ-
ences for multiple comparisons by using one of the several
methods that are available. This was the approach adopted for
this study. False negatives meaning declaring null differences
when, in fact, the differences do exist, is an issue that may not
be that easy to control. However, it should be noted that false
positives and false negatives are negatively associated.
Unnecessary emphasis or being too conservative about
protecting against false positives may lead to false negatives.
True protections against both false positives and false nega-
tives can only be achieved by having large enough sample
sizes to provide enough power for statistical tests and to have
good quality balanced data for analysis. It is in this sense that
we look at the results about association of ETS with ETO as
depicted in Table 4. While the sample size of 3955 for adults
was almost indisputably large and this did result in the expect-
ed conclusion that ETS was positively associated with ETO,
sample sizes of 650 for children and 776 for adolescents
(Table 1) were still large enough by any statistical standards
but did not generate the expected positive association between
ETS and ETO. However, it may be that ETO and ETS are not
positively associated for children and adolescents. But, the
slopes for both the number of smokers smoking inside the
home and the number of days the smokers smoked in the prior
week inside the home were still positive (Table 4), just not
statistically significant. Could it be the quality of data? For the
adults data, 19.6% (N = 734) reported smoking inside the
home, but for the adolescents data, 11.1% (N = 86) reported
smoking inside the home, and for children data, 12.3% (N =
80) reported smoking inside the home. Thus, data for children
and adolescents were a bit more “imbalanced” than for adults.
This may have resulted in association between ETO and ETS
being positive but statistically insignificant for both adoles-
cents and children. The message here is as follows: respect
the data and do not try to find a statistical method that will
generate results to your liking. It may be that parents with

children no longer smoke inside the home so as to protect
them from ETS.
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