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Abstract
[HRQ1/Q4 ¼ 0.83; 95% conﬁdence interval (CI), 0.72–0.97;
HRQ2/Q4 ¼ 0.81; 95% CI, 0.69–0.96]. Np-SES was inversely
associated with melanoma (HRQ1/Q4 ¼ 0.81; 95% CI, 0.67–
0.98) and prostate cancer (HRQ1/Q4 ¼ 0.70; 95% CI, 0.56–
0.88). Women born into lower SES neighborhoods had signiﬁcantly increased risk for invasive cervical cancer (HRQ1/Q4 ¼ 1.44;
95% CI, 1.12–1.85; HRQ2/Q4 ¼ 1.33; 95% CI, 1.04–1.72). Neighborhood SES had similar effects for melanoma and prostate
cancers, but was not associated with female breast cancer. We
found no association with SES for pancreas, lung, and colon and
rectal cancers.
Conclusions: Individual SES derived from parental occupation
at birth was associated with altered risk for several cancer sites.
Impact: This novel methodology can contribute to improved
understanding of the role of early-life SES on cancer risk. Cancer

Introduction

records or through cancer registries (18, 21). This approach may
also misclassify SES for some individuals and bias results (22).
Early-life conditions are increasingly recognized as playing an
important role in the etiology of chronic diseases (23), including
coronary heart disease (24–26) and cardiac dysfunction (27),
type II diabetes (28–30), chronic obstructive pulmonary disease
(31–33), asthma (34), osteoporosis (35–37), and hypertension
(38, 39). In addition, social and material disadvantages experienced in early-life have been associated with poor health
behaviors in adulthood, such as smoking and excessive alcohol
consumption (40–42), obesity (42–44), and poor overall mental
and physical health (45). The role of early-life SES and cancer
incidence, however, is surprisingly underdeveloped. Vohra and
colleagues (46) conducted a rapid review of the literature from
1996 to 2012 and found only three of 22 studies evaluated
childhood socioeconomic position in relation to cancer incidence
(47–49). Although there is a growing interest to explore the
association between early-life SES and cancer risk in adulthood
(23, 46, 48, 50–55), there remains a need for a new approach to
collecting high-quality, early-life, individual-level SES data that
may be applied across states and nations to advance our understanding of the etiology of the disease.
To address this need, we utilized birth certiﬁcates for a cohort of
Utah Baby Boomers born from 1945 to 1959 to obtain early-life,
individual-level SES based on parental occupation and neighborhood SES based on the birth certiﬁcate census tract (CT). Studying

Cancer disparities and the role of socioeconomic status (SES) is
a major focus of the National Cancer Institute's (NCI) strategic
plan (1). Studies have observed that SES as deﬁned by income or
education is associated with cancer incidence, late-stage diagnosis, and survival (2–15). However, the majority of populationbased studies are based on area-level measures (16–20) because
measures of individual SES are not generally available in medical
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Background: Early-life socioeconomic status (SES) may play a
role in cancer risk in adulthood. However, measuring SES retrospectively presents challenges. Parental occupation on the birth
certiﬁcate is a novel method of ascertaining early-life SES that has
not been applied in cancer epidemiology.
Methods: For a Baby-Boom cohort born from 1945–1959 in
two Utah counties, individual-level Nam-Powers SES (Np-SES)
was derived from parental industry/occupation reported on
birth certiﬁcates. Neighborhood SES was estimated from average household income of census tract at birth. Cancer incidence
was determined by linkage to Utah Cancer Registry records
through the Utah Population Database. Hazard ratios (HR) for
cancer risk by SES quartile were estimated using Cox proportional hazards regression.
Results: Females with low Np-SES at birth had lower risk of
breast cancer compared with those in the highest Np-SES group
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the health outcomes of the Baby-Boom cohort is important
particularly because of their large contribution toward the proﬁle
of an aging nation (56) and the demands they will place on the
U.S. health care system (57). We hypothesized that early-life SES,
based on parental occupation at birth, will be associated with
cancer risk in adulthood.

Materials and Methods

Data linkage
Birth certiﬁcate records (1945–1959) were linked to cancer
records (1996–2009) by UPDB staff using Quality Stage, a part of
IBM's Websphere Information Integration Solution(tm) family of
tools and applications. Every potential match is assigned a
numeric weight based on probabilistic record linkage. Extensive
details on the linkage algorithms have been described previously
(59–61). Approximately 7% (n ¼ 8,989) of birth certiﬁcates from
our cohort linked to a UCR record.
Individual-level SES: industry/occupation and Nam-Powers
SES
Individual-level SES measures were coded from the text on
birth certiﬁcates about parents' industry and occupation (I/O).
Parental occupation is the most common measure of childhood
SES in cancer studies (46). Records were manually reviewed, and
all abbreviations, erroneous characters, and misspellings were
removed. Records were run through the Standardized Occupation
& Industry Coding (SOIC) software distributed by the CDC (62).
Because SOIC software does not perform well when company
names and other ambiguous information are included in the I/O
text, I/O text strings that did not code were manually reviewed by
an expert coder and corrected. This increased the percent of I/O
coding from 81.7% to 98.3%.
The I/O codes were used as inputs to construct Nam-Powers
socioeconomic scores (Np-SES; ref. 63). Np-SES scores classify
occupations into an interval scale according to their respective
median education and income levels from 0 (low) to 100 (high)
and have been used in several large studies of mortality (58, 64,
65). We classiﬁed Np-SES at birth using the father's I/O code or
mother's I/O code if father's occupation was unknown or no
father was listed on the birth certiﬁcate. If an I/O was not codable
for either parent, the Np-SES for that record was classiﬁed as
unknown. Birth certiﬁcates with parental I/O of "student" or
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Neighborhood-level SES at Birth: 1960 CT household income
Neighborhood SES, or birth certiﬁcate census tract SES (BiCTSES), was deﬁned as the average household income at the CT level,
and based on the birthmother's residence at the time of the child's
birth. The 1960 CT boundary geographic information system ﬁles
were obtained from the National Historical Geographic Information System (https://www.nhgis.org/). The residential street
address on the birth certiﬁcate were geocoded and spatially joined
based on geocoded location to one of 119 CTs for Salt Lake and
Weber Counties. These accounted for 50% of all Utah births. A
comparison of birth characteristics in Salt Lake and Weber counties to the rest of Utah indicated they were similarly distributed by
birth year, gender, race/ethnicity, cancer occurrence, vital status,
and SES characteristics. The ﬁnal sample include geocodes for
85% (n ¼ 107,153) of the births.
The 1960 census did not include average household income for
CTs. Instead, family income was reported in one of 13 income
categories ranging from less than $1,000 to $25,000 annually. We
calculated "average household income" by multiplying the number of households within each income range by the midpoint of
each income range of that group and dividing the total by the
number of households in the CT. Quartile ranks of BiCT-SES (Q1–
Q4, unknown) were used in analyses.
Follow-up
UPDB linkages to other datasets including Utah death certiﬁcates, driver licenses, and hospital discharge records were used to
ascertain each individual's last date of documented residence in
Utah. Cohort members were followed for cancer incidence beginning either from age 18 or from 1966 for those who turned 18
before 1966 when the UCR began cancer surveillance. The end of
follow-up was December 31, 2009, or date of diagnosis of ﬁrst
invasive primary cancer, death, or end of Utah residence. 2009 was
the last year in which cancer incidence and follow-up information
were available at the time this study was conducted. Month and
year of diagnosis were assigned on the basis of UCR data. Analysis
focused on cancer sites ranking among the highest, including sites
for which incidence was strongly inﬂuenced by widely disseminated cancer screening during the study period (female breast,
cervical, colorectal, and prostate), and sites for which no widely
applicable screening programs were available and therefore participation in screening would not inﬂuence incidence (melanoma, lung and bronchus, and pancreatic cancers).
Statistical analysis
We conducted descriptive analysis tabulating demographic,
birth, and SES characteristics by presence or absence of a cancer
diagnosis during follow-up. We generated cumulative cancer
incidence curves based on the cumulative hazard function by
cancer site, sex, and SES. The time scale was age in months starting
from age 18 (t¼0). Log-rank tests were conducted for all seven
cancers and for both SES measures to assess survival differences
across the strata with signiﬁcance set at P < 0.05.
We used Cox proportional hazards regression models to estimate the relative hazards and 95% conﬁdence intervals for the
diagnosis of cancer by Np-SES and BiCT-SES quartile rank for each
cancer site. All covariates met the assumption of proportional

Cancer Epidemiology, Biomarkers & Prevention

Downloaded from http://aacrjournals.org/cebp/article-pdf/26/1/75/1941270/75.pdf by guest on 01 July 2022

Sample
The cohort was drawn from the Utah Population Database
(UPDB), a longitudinal, population-based resource that comprehensively links cancer incidence data from the Utah Cancer
Registry (UCR) and birth certiﬁcate data from the Utah Department of Health's Ofﬁce of Vital Statistics (58). An individual
identiﬁed within the UPDB was selected if he or she appeared as a
child on a birth certiﬁcate, born between 1945 and 1959 in Salt
Lake and Weber Counties, survived and lived in Utah to at least
age 18, and linked to a UPDB record other than their parents'
record or another UCR record (N ¼ 125,335). The cohort was
restricted to Salt Lake and Weber Counties because they were the
only two counties with CTs in the 1960 census. The cohort was
limited to children who lived in Utah to age 18 because of our
focus on cancer incidence in adulthood. The requirement that
birth records link to other non-UCR records in the UPDB was
imposed to reduce the likelihood of ascertainment bias.

"homemaker" were also classiﬁed as unknown as these activities
do not have Np-SES values (63). Quartile ranks of Np-SES
(Q1–Q4, unknown) were used in analyses.
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Table 1. Births 1945–1959 in two Utah counties (Salt Lake and Weber): demographics and subsequent cancer diagnosis
Total
Cancera
No cancera
Characteristics
N (%)
N (%)
N (%)
Total births
126,335 (100.0)
8,989 (7.1)
117,346 (92.9)
Gender
Male
65,838 (52.1)
3,786 (42.1)
62,052 (52.9)
Female
60,497 (47.9)
5,203 (57.9)
55,294 (47.1)
Year of birth
1945–1949
31,744 (25.1)
3,294 (36.6)
28,450 (24.2)
1950–1954
42,851 (33.9)
3,086 (34.3)
39,765 (33.9)
1955–1959
51,740 (41.0)
2,609 (29.0)
49,131 (41.9)
Birth certiﬁcate race
White
124,564 (98.6)
8,880 (98.8)
115,684 (98.6)
Black
472 (0.4)
29 (0.3)
443 (0.4)
AIAN
<5 (–)
<5 (–)
<5 (–)
API
600 (0.5)
38 (0.4)
562 (0.5)
Other
637 (0.5)
40 (0.4)
597 (0.5)
Unknown
58 (<0.0)
<5 (–)
56 (<0.0)
Birth certiﬁcate Hispanic origin
Known Hispanic
402 (0.3)
23 (0.3)
379 (0.3)
Not speciﬁed
125,933 (99.7)
8,966 (99.7)
116,967 (99.7)
Birth order
1
31,803 (25.2)
2,376 (26.4)
29,427 (25.1)
2
31,895 (25.2)
2,262 (25.2)
29,633 (25.3)
3þ
61,317 (48.5)
4,269 (47.5)
57,048 (48.6)
Unknown
1,320 (1.0)
82 (0.9)
1,238 (1.1)
Sibling in cohort
No
31,175 (24.7)
2,140 (23.8)
29,035 (24.7)
Yes
95,160 (75.3)
6,849 (76.2)
88,311 (75.3)
Mother married at birth
Yes
124,903 (98.9)
8,903 (99.0)
116,000 (98.9)
No
428 (0.3)
36 (0.4)
392 (0.3)
Unknown
1,004 (0.8)
50 (0.6)
954 (0.8)
Multiple birth
No
122,299 (96.8)
8,832 (98.3)
113,467 (96.7)
Yes
2,258 (1.8)
148 (1.6)
2,110 (1.8)
Unknown
1,778 (1.4)
9 (0.1)
1,769 (1.5)
Birth weight
Low (<2,500 g)
6,170 (4.8)
402 (4.5)
5,768 (4.9)
Normal (2,500–4,200 g)
96,742 (76.6)
6,484 (72.1)
90,258 (76.9)
Above normal (>4,200 g)
3,261 (2.6)
185 (5.7)
3,076 (2.6)
Unknown
20,162 (16.0)
1,918 (21.3)
18,244 (15.6)
1960 Census tract income (BiCT-SES)
Total coded
107,153 (84.8)
7,627 (84.8)
99,526 (84.8)
Q1 (lowest)
32,031 (25.4)
2,396 (26.7)
29,635 (25.3)
Q2
29,225 (23.1)
2,108 (23.5)
27,117 (23.1)
Q3
29,597 (23.4)
2,037 (22.7)
27,560 (23.5)
Q4 (highest)
16,300 (12.9)
1,086 (12.1)
15,214 (13.0)
Unknown
19,182 (15.2)
1,362 (15.2)
17,820 (15.2)
Nam-Powers score (Np-SES)c
Total coded
118,158 (93.5)
8,418 (93.6)
109,740 (93.5)
Q1 (lowest)
32,690 (25.9)
2,334 (26.0)
30,356 (25.9)
Q2
23,492 (18.6)
1,696 (18.9)
21,796 (18.6)
Q3
32,230 (25.5)
2,363 (26.3)
29,867 (25.5)
Q4 (highest)
29,746 (23.5)
2,025 (22.5)
27,721 (23.6)
Unknown
8,177 (6.5)
571 (6.4)
7,606 (6.5)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

a

Cancer incidence through December 31, 2009.
Fisher exact due to 0 cell value; cells less than 5 masked to safeguard conﬁdentiality.
c
Father's Nam-Powers score at birth; if unknown, then Mother's Nam-Powers score; otherwise, unknown.
b

hazards. High SES (Q4) was the referent group. All models
controlled for birth weight (continuous pounds), year of birth
(continuous 1945–1959), presence of a sibling in the cohort, and
gender (male/female) where appropriate. We controlled for
whether the child had a sibling born in the same birth cohort
to control for additional circumstances that may impact early-life
socioeconomic conditions, which may subsequently impact can-
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cer risk later in life. The very low proportion of nonwhites made
adjusting for race impracticable; therefore, analyses were restricted
to whites. Hispanic ethnicity was not reported on birth certiﬁcates
from this era. Deaths or loss to follow-up were right censored. Test
for trends by SES quartile were evaluated at the P < 0.05 level. We
conducted shared frailty (random effect) models to account for
the nonindependence of observations within CT and sibship
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Figure 1.
Cumulative incidence in Baby-Boom Cohort 1940–1959 by cancer site and Np-SES: female breast cancer (log rank P < 0.05; A), Invasive cervical cancer
(log rank P < 0.001; B), melanoma (log rank P < 0.05; C), and prostate cancer (log rank P < 0.01; D).

during post hoc analyses and found frailty did not change the
conclusions. Therefore, we present results from the standard Cox
models. All analyses were conducted using SAS v9.2.

Results
There were 60,497 (47.9%) female births and 65,838 (52.1%)
male births included in the study cohort (Table 1). More than 98%
were white, 48.5% were birth order 3 or higher, <2% were part of
multiple births, and 98.9% of mothers were married. Seventy-ﬁve
percent had siblings in the cohort, representing 65,418 unique
families. Seventy-six percent were normal birth weight (2,500–
4,200 g), but a signiﬁcantly larger percent of Baby Boomers who
later developed cancer were above the normal birth weight range
(>4200 g, 5.7% vs. 2.6%). Average age of mothers was 26 years at
the time of birth and mean gestational age was 39 weeks. Np-SES
scores were assigned to 118,158 births (93.5%) as not all I/O
codes had corresponding Np-SES scores (i.e., students, home
makers). The mean and median population in each CT was
1,235 and 1,106, respectively (range 153–3,113). Although there
were at least 10 cases per CT (mean ¼ 88, median ¼ 78, max ¼
223), the range of cases per CT varied by cancer site (breast 0–39,
pancreas 0–6, melanoma 0–23, cervical 0–25, prostate 0–19,
colorectal 0–23, lung 0–9). The correlation between Np-SES and
BiCT-SES quartiles were low but signiﬁcant (P < 0.0001) for both
the continuous (r ¼ 0.24) and quartile measures (r ¼ 0.20).
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SES and cancer incidence
Mean follow-up time was about 34 years from age 18 and 91%
of cohort members were alive at last follow-up. A total of 46,311
individuals were alive but censored before the end of follow-up
(December 31, 2009). Most were censored in 2008 because this
was the latest year in which the UPDB obtained follow-up data.
More females were diagnosed with invasive cancer in adulthood
than males (8.6% vs. 5.8%). Just over a third (33.9%) of all female
cancers were breast, followed by invasive cervical cancer (18.4%),
melanoma (9.4%), colorectal (4.6%), lung (2.6%), and pancreas
(0.8%). Among males, the most frequent cancer diagnosis in
adulthood was prostate (25.2%), followed by melanoma of the
skin (16.1%), colorectal (8.0%), lung (4.5%), and pancreas
(2.3%).
Figure 1 describes the cumulative hazard functions for cancers that were signiﬁcantly associated with Np-SES (log-rank P <
0.05): female breast (Fig. 1A), invasive cervical (Fig. 1B),
prostate (Fig. 1C), and melanoma (Fig. 1D). For female breast
cancer, we see an increase in incidence around age 40. By age
50, we begin to see a separation among women in the highest
SES group. SES differences in the incidence of invasive cervical
cancer appear much earlier in time. Women from the lowest
Np-SES groups were being diagnosed with invasive cervical
cancer at a higher rate than the highest SES group beginning
around age 26. In addition, the differences between low and
high SES groups continues to expand until around age 40, at
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Figure 2.
Cumulative incidence in Baby-Boom Cohort 1940–1959 by cancer site and 1960 CT SES (BiCT-SES): female breast cancer (log rank P < 0.01; A), invasive cervical
cancer (log rank P < 0.01; B), melanoma (log rank P < 0.01; C), and prostate cancer (log rank P < 0.05; D).

which time the SES differences of invasive cervical cancer
stabilizes through age 60. Melanoma incidence follows
expected patterns with the highest SES group experiencing the
highest rates of melanoma. Prostate cancer incidence follows
the natural history of the disease with substantial increases in
incidence beginning around age 55–60, but we also see differences between the high Np-SES groups and low Np-SES groups.
There were no signiﬁcant associations between Np-SES and
colorectal (P ¼ 0.12), lung (P ¼ 0.06), or pancreatic (P ¼ 0.33)
cancers.
Cumulative hazard functions based on neighborhood BiCTSES for the same four cancer types show no differences in female
breast cancer incidence, and slightly different patterns for the
other sites when compared with individual Np-SES (Fig. 2). For
cervical cancer, women in Q3 of neighborhood BiCT-SES look
more similar to women in Q4, and there is no clear separation
between high (Q3–Q4) versus low (Q1–Q2) neighborhood
BiCT-SES groups until about age 39. For melanoma, the differences in incidence by neighborhood BiCT-SES are more pronounced between all four groups and the separation between
the lowest BiCT-SES and highest BiCT-SES group are seen at an
earlier age compared with individual Np-SES. Finally, for prostate
cancer, neighborhood BiCT-SES differences are seen in earlier ages
compared with individual Np-SES, and men in the lowest neighborhood BiCT-SES converge with men in the highest neighborhood BiCT-SES group by age 63. There were no signiﬁcant
associations between BiCT-SES and lung (P ¼ 0.23) and pancre-
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atic (P ¼ 0.11) cancer risk in adulthood, but the log rank for
colorectal cancer was signiﬁcant (P ¼ 0.02) with individuals at the
highest BiCT-SES experiencing lower rates starting around age 60
when compared with individuals in the lower BiCT-SES groups
(results not shown).
Results from multivariable proportional hazards analyses are
described in Figs. 3 and 4. Women in low Np-SES groups were less
likely to be diagnosed with breast cancer than women in the
highest Np-SES group (HRQ1/Q4 ¼ 0.83 95% CI, 0.72–0.97;
HRQ2/Q4 ¼ 0.81; 95% CI, 0.69–0.96; Ptrend ¼ 0.030; Fig. 3).
Similarly, men in the lower Np-SES groups had lower incidence
of prostate cancer than men in the highest individual Np-SES
group (HRQ1/Q4 ¼ 0.70; 95% CI, 0.56–0.88; HRQ2/Q4 ¼ 0.76;
95% CI, 0.60–0.96; Ptrend ¼ 0.009). For melanoma, the disparity
was only evident for those born in the lowest SES group as they
were signiﬁcantly less likely to be diagnosed with melanoma in
adulthood (HRQ1/Q4 ¼ 0.81; 95% CI, 0.67–0.98; Ptrend ¼ 0.008).
Although there was not a consistent gradient across SES quartiles,
there was some indication that women born into low SES families
had an increased risk for cervical cancer than women born into
the highest SES group (HRQ1/Q4 ¼ 1.35; 95% CI, 0.63–2.89;
HRQ2/Q4 ¼ 1.11; 95% CI, 0.63–1.96; HRQ3/Q4 ¼ 1.66; 95% CI,
1.03–2.70; Ptrend ¼ 0.044).
Associations between melanoma and neighborhood BiCTSES was similar to Np-SES (Ptrend ¼ 0.001), but were not
signiﬁcant for female breast cancer (Ptrend ¼ 0.237; Fig. 4).
Women born into lower BiCT-SES neighborhoods had a
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signiﬁcantly increased risk for invasive cervical cancer (HRQ1/Q4
¼ 1.44; 95% CI, 1.12–1.85; HRQ2/Q4 ¼ 1.33; 95% CI, 1.04–
1.72; Ptrend ¼ 0.012). Prostate cancer risk was signiﬁcantly
lower among men born in lower SES neighborhoods across
all SES quartiles (HRQ1/Q4 ¼ 0.76; 95% CI, 0.59–0.97; HRQ2/Q4
¼ 0.65; 95% CI, 0.50–0.85; HRQ3/Q4 ¼ 0.68; 95% CI, 0.52–
0.89; Ptrend ¼ 0.010). We found no signiﬁcant association with
either SES variable for pancreas, lung, and colon and rectal
cancers; and the two SES variables performed similarly in
predicting cancer risk (2 Log L within 10 points).

Discussion
Population-based investigations of the relationship between
SES and cancer incidence have traditionally used area-based
measures from residential locations at the time of diagnosis (2–
12, 16–20, 66). Two novel approaches were taken in this study
by capturing SES at the individual and neighborhood levels at
birth. This study also provides important information about a
large and aging segment of the U.S. population (Baby Boomers)
who have reached the age in which the risk of cancer increases
(56, 57).
To our knowledge, only one U.S. study used population-based
cancer surveillance data in combination with individual-level SES
(3). Clegg and colleagues (3) linked data from the NCI's
SEER Program to the National Longitudinal Mortality Study
(SEER-NLMS) to assess the availability and utility of self-reported
adult SES in a population-based study of cancer. The results from
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our study are consistent with Clegg and colleagues, in that
individual-level SES disparities were detected for breast, prostate,
and melanoma cancers, but unlike Clegg and colleagues (3), we
were not able to detect a signiﬁcant individual-level SES effect on
cancers of the colon and rectum and lung. The low prevalence of
smoking in Utah (67) and the relatively young age of the cohort
could make ﬁnding a signiﬁcant SES association for these cancers
difﬁcult to detect. The Baby-Boom cohort in this study had a
maximum age at follow-up of 64 and, therefore, had not reached
the age when lung, colorectal, and pancreatic cancers are commonly diagnosed (age 65–75; refs. 68–70). The differences
between our study and Clegg and colleagues (3) could be attributed to operationalization of individual-level SES. Clegg and
colleagues (3) deﬁned individual-level SES as self-reported educational attainment, family income, and employment status at the
time of survey completion when respondents were ages 25 years
and older. We deﬁned individual-level SES using occupational/
industry data obtained at the time of birth.
For cancers with widespread screening programs implemented
during the decades studied—cervical, breast, and prostate—
patterns in relation to SES in the Utah Baby-Boom cohort were
consistent with the literature (19, 71–79). The increased risk of
prostate cancer among men born into high SES families is likely
associated with greater participation in PSA screening (80). We
also found that women born into high SES families were at
increased risk for breast cancer, which is likely due to greater use
of mammography screening (72, 73, 75, 78, 79) and higher
prevalence of known risk factors associated with high SES such
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Figure 3.
HRs and 95% conﬁdential Intervals for cancer in adulthood by cancer site and quartile of individual-level SES at birth (Np-SES), controlling for birth weight
(pounds), year of birth, sibling in cohort, and gender (if applicable).
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Figure 4.
HRs and 95% conﬁdential intervals for cancer in adulthood by cancer site and quartile of neighborhood SES at birth (BiCT-SES), controlling for birth weight (pounds),
year of birth, sibling in cohort, and gender (if applicable).

as older age at ﬁrst child birth and nulliparity (81). For cervical
cancer, we found that women from low SES groups were significantly more likely to be diagnosed with the disease, which again
is consistent with the literature (19, 71, 72, 76, 78, 79). The more
immediate SES disparities observed among young women diagnosed with invasive cervical cancer is likely due to disparities in
access and utilization of routine PAP screening and higher prevalence of human papillomavirus (HPV) infections (82). The agedelay in SES disparities for female breast cancer was consistent
with known genetic risks linked to early onset breast cancer (83).
This is one of the ﬁrst studies to report a trend of increasing
melanoma incidence by early-life SES. Possible mechanisms may
include differences in behavioral risk or preventive factors associated with SES, and/or early-life exposures that have biologic
consequences decades later (84). Given the known inﬂuence of
exposure to UVA/UVB on melanoma risk, the results suggest that
Utah residents with high SES had higher levels of sun exposure
than low-SES residents. Examples of SES-related exposure patterns might include intermittent intense sun exposure while skiing
or while traveling to sunnier climates during winter (85, 86),
residence at higher elevation (87), and employment in outdoor
jobs (i.e., ski resorts; ref. 88). Future investigations should address
these risk factors in conjunction with SES, the role of latent, highintensity direct exposures, and cumulative exposures that begin
early in the life course; and, an examination of the geographic
location of cases to assess the likelihood of clustering around high
altitude areas with potentially high sun exposures.

www.aacrjournals.org

We were also one of the ﬁrst to assess both neighborhood SES at
birth as well as individual-level SES at birth in relation to cancer
incidence in adulthood. We found that neighborhood SES and
individual-level SES performed similarly when estimating the risk
of incident cancers, with one exception. For female breast cancer,
individual-level SES at birth was signiﬁcantly associated with
increased risk, whereas neighborhood SES at birth was not. This
is in direct contrast to the known positive association between
breast cancer and neighborhood SES in adulthood (6, 15, 20, 78).
However, when considered in the context of life course epidemiology, our ﬁndings provide evidence to support the critical period
model wherein exposures to certain physical and social conductions in early life will impact cancer risk in adulthood through
direct and indirect pathways (48). Our individual SES measure
was derived from father's occupation at birth, which is associated
with reproductive factors (46, 89) that in turn increase breast
cancer risk. Because we were unable to obtain individual-level SES
in adulthood and at cancer diagnosis, we were unable to examine
the role of adult SES as a mediator of risk.
One of the strengths of this study is that we geocoded residential locations at birth. Unfortunately, Utah counties with the
exception of Salt Lake and Weber were not assigned CTs until
the 1960 Decennial Census, which may or may not be representative of the conditions in the earlier years of the cohort. The
measurement error could result in information bias (22) and
underestimate the true effect of SES on cancer incidence. Although
our study population was limited geographically, Salt Lake
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Conclusion
This study applied a method for determining early-life SES that
is novel in its application to cancer epidemiology. I/O coding to
determine early-life SES for epidemiologic studies should increase
as populations with electronic birth certiﬁcates reach middle-aged

with higher cancer risk. Through this novel approach, we observed
SES associations with breast, cervical, and prostate cancer that are
likely indicative of the SES differences in participation in cancer
screening; and, report evidence that supports life course determinants of breast cancer incidence. The SES gradient in melanoma
that we observed is intriguing and calls for future research into
potentially deleterious sun/UV exposures in early childhood and
cumulative exposures over the life course.

Disclosure of Potential Conﬂicts of Interest
No potential conﬂicts of interest were disclosed.

Authors' Contributions
Conception and design: A.M. Stroup, K.A. Herget, H.A. Hanson, K.A. Henry,
C.J. Harrell, K.R. Smith
Development of methodology: A.M. Stroup, K.A. Herget, H.A. Hanson,
K.A. Henry, C.J. Harrell, C. Sweeney, K.R. Smith
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): A.M. Stroup, K.A. Herget, H.A. Hanson, C.J. Harrell,
K.R. Smith
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): A.M. Stroup, K.A. Herget, H.A. Hanson, J.T. Butler,
K.A. Henry, C.J. Harrell, C. Sweeney, K.R. Smith
Writing, review, and/or revision of the manuscript: A.M. Stroup, K.A. Herget,
H.A. Hanson, D.L. Reed, K.A. Henry, C.J. Harrell, C. Sweeney, K.R. Smith
Administrative, technical, or material support (i.e., reporting or organizing
data, constructing databases): A.M. Stroup, D.L. Reed, C.J. Harrell, K.R. Smith
Study supervision: A.M. Stroup, K.R. Smith

Acknowledgments
We thank the Pedigree and Population Resource of the Huntsman Cancer
Institute, University of Utah (funded in part by the Huntsman Cancer Foundation) for its role in the ongoing collection, maintenance and support of the
Utah Population Database (UPDB).

Grant Support
This study was supported by grants from the National Cancer Institute's
Surveillance, Epidemiology, and End Results (SEER) Program through a contract with the Utah Cancer Registry #HHSN261201000026C, which is also
supported by the Utah Department of Health and the University of Utah.
The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.
Received April 30, 2016; revised September 9, 2016; accepted September 12,
2016; published OnlineFirst September 21, 2016.

References
1. National Cancer Institute. The NCI strategic plan for leading the nation
to eliminate the suffering and death due to cancer; 2006: National
Cancer Institute. Available from: http://strategicplan.nci.nih.gov/pdf/
nci_2007_strategic_plan.pdf.
2. Clarke CA, Glaser SL, Keegan TH, Stroup A. Neighborhood socioeconomic
status and Hodgkin's lymphoma incidence in California. Cancer Epidemiol Biomarkers Prev 2005;14:1441–7.
3. Clegg LX, Reichman ME, Miller BA, Hankey BF, Singh GK, Lin YD, et al. Impact
of socioeconomic status on cancer incidence and stage at diagnosis: selected
ﬁndings from the surveillance, epidemiology, and end results: National
Longitudinal Mortality Study. Cancer Causes Control 2009;20:417–35.
4. Gomez SL, O'Malley CD, Stroup A, Shema SJ, Satariano WA. Longitudinal,
population-based study of racial/ethnic differences in colorectal cancer
survival: impact of neighborhood socioeconomic status, treatment and
comorbidity. BMC Cancer 2007;7:193.
5. Henry KA, Niu X, Boscoe FP. Geographic disparities in colorectal cancer
survival. Int J Health Geogr 2009;8:48.

82 Cancer Epidemiol Biomarkers Prev; 26(1) January 2017

6. Henry KA, Sherman R, Farber S, Cockburn M, Goldberg DW, Stroup AM.
The joint effects of census tract poverty and geographic access on late-stage
breast cancer diagnosis in 10 US States. Health Place 2013;21:110–21.
7. Henry KA, Sherman RL, McDonald K, Johnson CJ, Lin G, Stroup AM, et al.
Associations of census-tract poverty with subsite-speciﬁc colorectal cancer
incidence rates and stage of disease at diagnosis in the United States.
J Cancer Epidemiol 2014;2014:823484.
8. Kohler BA, Sherman RL, Howlader N, Jemal A, Ryerson AB, Henry KA, et al.
Annual Report to the Nation on the Status of Cancer, 1975–2011, featuring
incidence of breast cancer subtypes by race/ethnicity, poverty, and state.
J Natl Cancer Inst 2015;107:djv048.
9. Goldberg M, Calderon-Margalit R, Paltiel O, Abu Ahmad W, Friedlander Y,
Harlap S, et al. Socioeconomic disparities in breast cancer incidence and
survival among parous women: ﬁndings from a population-based cohort,
1964–2008. BMC Cancer 2015;15:921.
10. Schlichting JA, Soliman AS, Schairer C, Schottenfeld D, Merajver SD. Inﬂammatory and non-inﬂammatory breast cancer survival by socioeconomic

Cancer Epidemiology, Biomarkers & Prevention

Downloaded from http://aacrjournals.org/cebp/article-pdf/26/1/75/1941270/75.pdf by guest on 01 July 2022

and Weber Counties were representative of the larger Utah
population.
Potential surveillance and selection bias were also concerns in
this study. We addressed this by using multiple sources of residential and follow-up data from the UPDB to establish residence
at age 18 with follow-up through the end of 2009. As a result, a
majority of alive censored observations were not censored until
2008, thereby contributing all but 1 year of follow-up time to the
analysis. Residential mobility at the time of birth might also be a
concern. If outmigration was more common among those with
lower SES, then we should see a larger effect because the low SES
individuals who do not move would be worse off. If outmigration
was more common among those with higher SES, then the high
SES groups that did not move may be more like the lower SES and
effect sizes would be weaker. For either high or low SES, staying
may represent more intense exposures in which case it may be
difﬁcult to predict the effects on the risk estimates.
Our analysis of cancer risk was limited to the ﬁrst primary
invasive cancer diagnosed from 1966 to 2009. Because a few
members of the cohort would have turned 18 at least 3 years
before cancer surveillance began (1963), the number of cancer
cases could be underestimated, but this effect should be small as
incidence of cancer at ages 18 to 21 is extremely low. Restricting
analyses to ﬁrst primary cancers would also underestimate the true
cancer risk in the cohort as individuals remain at risk for subsequent cancers even after their ﬁrst diagnosis. These underestimations of cancer incidence are not expected to be related to SES, and,
therefore, any bias derived from these issues is likely to be
nondifferential.
Assessing the simultaneous or cumulative contributions of
individual-level SES and neighborhood SES was beyond the scope
of this study. Nor were we able to fully adjust for adult SES at
cancer diagnosis and over the life course. Future research is needed
to disentangle their independent and joint contributions and their
role in the causal pathway toward cancer risk in order to identify
potential interventions.

Early-Life SES, Birth Certiﬁcates, and Cancer in Adulthood

11.
12.

13.

14.

15.

16.
17.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

www.aacrjournals.org

33. Tai A. Childhood asthma and chronic obstructive pulmonary disease:
outcomes until the age of 50. Curr Opin Allergy Clin Immunol 2015;
15:169–74.
34. Beigelman A, Bacharier LB. Early-life respiratory infections and asthma
development: role in disease pathogenesis and potential targets for disease
prevention. Curr Opin Allergy Clin Immunol 2016;16:172–8.
35. Weisz GM, Albury WR. Osteoporosis in survivors of early life starvation.
Aust J Prim Health 2013;19:3–6.
36. Martinez-Mesa J, Restrepo-Mendez MC, Gonzalez DA, Wehrmeister FC,
Horta BL, Domingues MR, et al. Life-course evidence of birth weight effects
on bone mass: systematic review and meta-analysis. Osteoporosis Int
2013;24:7–18.
37. Nachtigall MJ, Nazem TG, Nachtigall RH, Goldstein SR. Osteoporosis risk
factors and early life-style modiﬁcations to decrease disease burden in
women. Clin Obstet Gynecol 2013;56:650–3.
38. Theodore RF, Broadbent J, Nagin D, Ambler A, Hogan S, Ramrakha S, et al.
Childhood to early-midlife systolic blood pressure trajectories: early-life
predictors, effect modiﬁers, and adult cardiovascular outcomes. Hypertension 2015;66:1108–15.
39. Tain YL, Hsu CN, Chan JY. PPARs link early life nutritional insults to later
programmed hypertension and metabolic syndrome. Int J Mol Sci
2015;17. pii: E20.
40. Caleyachetty R, Khaw KT, Surtees PG, Wainwright NW, Wareham N,
Grifﬁn SJ. Cumulative social risk exposure in childhood and smoking
and excessive alcohol use in adulthood. Eur J Public Health 2016;
26:575–81.
41. Giesinger I, Goldblatt P, Howden-Chapman P, Marmot M, Kuh D, Brunner
E. Association of socioeconomic position with smoking and mortality: the
contribution of early life circumstances in the 1946 birth cohort. J Epidemiol Community Health 2014;68:275–9.
42. Non AL, Roman JC, Gross CL, Gilman SE, Loucks EB, Buka SL, et al. Early
childhood social disadvantage is associated with poor health behaviours in
adulthood. Ann Hum Biol 2016;43:144–53.
43. Zheng H, Tumin D. Variation in the effects of family background and birth
region on adult obesity: results of a prospective cohort study of a Great
Depression-era American cohort. BMC Public Health 2015;15:535.
44. Chaffee BW, Abrams B, Cohen AK, Rehkopf DH. Socioeconomic disadvantage in childhood as a predictor of excessive gestational weight
gain and obesity in midlife adulthood. Emerg Themes Epidemiol
2015;12:4.
45. Das-Munshi J, Clark C, Dewey ME, Leavey G, Stansfeld SA, Prince MJ. Does
childhood adversity account for poorer mental and physical health in
second-generation Irish people living in Britain? Birth cohort study from
Britain (NCDS). BMJ Open 2013;3. pii: e001335.
46. Vohra J, Marmot MG, Bauld L, Hiatt RA. Socioeconomic position in
childhood and cancer in adulthood: a rapid-review. J Epidemiol Community Health 2016;70:629–34.
47. Ekbom A, Hsieh CC, Lipworth L, Wolk A, Ponten J, Adami HO, et al.
Perinatal characteristics in relation to incidence of and mortality from
prostate cancer. BMJ 1996;313:337–41.
48. Pudrovska T, Anikputa B. The role of early-life socioeconomic status in
breast cancer incidence and mortality: unraveling life course mechanisms. J
Aging Health 2012;24:323–44.
49. de Kok IM, van Lenthe FJ, Avendano M, Louwman M, Coebergh JW,
Mackenbach JP. Childhood social class and cancer incidence: results of
the globe study. Soc Sci Med 2008;66:1131–9.
50. Lope V, Garcia-Esquinas E, Perez-Gomez B, Altzibar JM, Gracia-Lavedan E,
Ederra M, et al. Perinatal and childhood factors and risk of breast cancer
subtypes in adulthood. Cancer Epidemiol 2016;40:22–30.
51. Kelly-Irving M, Lepage B, Dedieu D, Lacey R, Cable N, Bartley M, et al.
Childhood adversity as a risk for cancer: ﬁndings from the 1958 British
birth cohort study. BMC Public Health 2013;13:767.
52. Pudrovska T, Anishkin A, Shen Y. Early-life socioeconomic status and the
prevalence of breast cancer in later life. Res Aging 2012;34:302–20.
53. Hughes LA, van den Brandt PA, Goldbohm RA, de Goeij AF, de Bruine AP,
van Engeland M, et al. Childhood and adolescent energy restriction and
subsequent colorectal cancer risk: results from the Netherlands Cohort
Study. Int J Epidemiol 2010;39:1333–44.
54. Smith GD. Life-course approaches to inequalities in adult chronic disease
risk. Proc Nutr Soc 2007;66:216–36.

Cancer Epidemiol Biomarkers Prev; 26(1) January 2017

Downloaded from http://aacrjournals.org/cebp/article-pdf/26/1/75/1941270/75.pdf by guest on 01 July 2022

18.

position in the Surveillance, Epidemiology, and End Results database, 1990–
2008. Breast Cancer Res Treat 2012;134:1257–68.
Wilson RJ, Ryerson AB, Singh SD, King JB. Cancer Incidence in Appalachia,
2004–2011. Cancer Epidemiol Biomarkers Prev 2016;25:250–8.
Shebl FM, Capo-Ramos DE, Graubard BI, McGlynn KA, Altekruse SF.
Socioeconomic status and hepatocellular carcinoma in the United States.
Cancer Epidemiol Biomarkers Prev 2012;21:1330–5.
Patel MI, Wang A, Kapphahn K, Desai M, Chlebowski RT, Simon MS,
et al. Racial and ethnic variations in lung cancer incidence and mortality: results from the women's health initiative. J Clin Oncol 2016;
34:360–8.
Patel MI, Schupp CW, Gomez SL, Chang ET, Wakelee HA. How do social
factors explain outcomes in non-small-cell lung cancer among Hispanics
in California? Explaining the Hispanic paradox. J Clin Oncol 2013;31:
3572–8.
Boscoe FP, Johnson CJ, Sherman RL, Stinchcomb DG, Lin G, Henry KA. The
relationship between area poverty rate and site-speciﬁc cancer incidence in
the United States. Cancer 2014;120:2191–8.
Boscoe FP. Towards the use of a census tract poverty indicator variable in
cancer surveillance. J Registry Manag 2010;37:148–51.
Boscoe FP, Ward MH, Reynolds P. Current practices in spatial analysis of
cancer data: data characteristics and data sources for geographic studies of
cancer. Int J Health Geogr 2004;3:28.
Krieger N. Socioeconomic data in cancer registries. Am J Public Health
2001;91:156–7.
Jemal A, Simard EP, Dorell C, Noone A-M, Markowitz LE, Kohler B, et al.
Annual Report to the Nation on the Status of Cancer, 1975–2009, Featuring the Burden and Trends in Human Papillomavirus (HPV)–Associated
Cancers and HPV Vaccination Coverage Levels. J Natl Cancer Inst
2013;105:175–201.
Yost K, Perkins C, Cohen R, Morris C, Wright W. Socioeconomic status and
breast cancer incidence in California for different race/ethnic groups.
Cancer Causes Control 2001;12:703–11.
Krieger N. Overcoming the absence of socioeconomic data in medical
records: validation and application of a census-based methodology. Am J
Public Health 1992;82:703–10.
Han D, Bonner MR, Nie J, Freudenheim JL. Assessing bias associated with
geocoding of historical residence in epidemiology research. Geospat
Health 2013;7:369–74.
Cohen S, Janicki-Deverts D, Chen E, Matthews KA. Childhood socioeconomic status and adult health. Ann N Y Acad Sci 2010;1186:37–55.
Su S, Wang X, Kapuku GK, Treiber FA, Pollock DM, Harshﬁeld GA, et al.
Adverse childhood experiences are associated with detrimental hemodynamics and elevated circulating endothelin-1 in adolescents and young
adults. Hypertension 2014;64:201–7.
Jones R, Hardy R, Sattar N, Deanﬁeld JE, Hughes A, Kuh D, et al. Novel
coronary heart disease risk factors at 60–64 years and life course socioeconomic position: the 1946 British birth cohort. Atherosclerosis 2015;
238:70–6.
Wamala SP, Lynch J, Kaplan GA. Women's exposure to early and later life
socioeconomic disadvantage and coronary heart disease risk: the Stockholm Female Coronary Risk Study. Int J Epidemiol 2001;30:275–84.
Gorr MW, Velten M, Nelin TD, Youtz DJ, Sun Q, Wold LE. Early life
exposure to air pollution induces adult cardiac dysfunction. Am J Physiol
Heart Circ Physiol 2014;307:H1353–60.
Pikhartova J, Blane D, Netuveli G. The role of childhood social position in
adult type 2 diabetes: evidence from the English Longitudinal Study of
Ageing. BMC Public Health 2014;14:505.
Huang H, Yan P, Shan Z, Chen S, Li M, Luo C, et al. Adverse childhood
experiences and risk of type 2 diabetes: a systematic review and metaanalysis. Metabolism 2015;64:1408–18.
Tsenkova V, Pudrovska T, Karlamangla A. Childhood socioeconomic
disadvantage and prediabetes and diabetes in later life: a study of biopsychosocial pathways. Psychosom Med 2014;76:622–8.
Hansen S, Strom M, Olsen SF, Dahl R, Hoffmann HJ, Granstrom C, et al.
Prenatal exposure to persistent organic pollutants and offspring allergic
sensitization and lung function at 20 years of age. Clin Exp Allergy
2016;46:329–36.
Svanes C, Sunyer J, Plana E, Dharmage S, Heinrich J, Jarvis D, et al. Early life
origins of chronic obstructive pulmonary disease. Thorax 2010;65:14–20.

83

Stroup et al.

84 Cancer Epidemiol Biomarkers Prev; 26(1) January 2017

72. Sabatino SA, White MC, Thompson TD, Klabunde CN, Centers for Disease
Control and Prevention. Cancer screening test use - United States, 2013.
MMWR Morb Mortal Wkly Rep 2015;64:464–8.
73. Harper S, Lynch J, Meersman SC, Breen N, Davis WW, Reichman MC.
Trends in area-socioeconomic and race-ethnic disparities in breast cancer
incidence, stage at diagnosis, screening, mortality, and survival among
women ages 50 years and over (1987–2005). Cancer Epidemiol Biomarkers Prev 2009;18:121–31.
74. Kim J, Jang SN. Socioeconomic disparities in breast cancer screening
among US women: trends from 2000 to 2005. J Prev Med Public Health
2008;41:186–94.
75. Peek ME, Han JH. Disparities in screening mammography. Current status,
interventions and implications. J Gen Intern Med 2004;19:184–94.
76. Walsh B, O'Neill C. Socioeconomic disparities across ethnicities: an application to cervical cancer screening. Am J Manag Care 2015;21:e527–36.
77. Gilligan T, Wang PS, Levin R, Kantoff PW, Avorn J. Racial differences in
screening for prostate cancer in the elderly. Arch Intern Med 2004;164:
1858–64.
78. Ward E, Jemal A, Cokkinides V, Singh GK, Cardinez C, Ghafoor A, et al.
Cancer disparities by race/ethnicity and socioeconomic status. CA Cancer J
Clin 2004;54:78–93.
79. Nelson DE, Bolen J, Marcus S, Wells HE, Meissner H. Cancer screening
estimates for U.S. metropolitan areas. Am J Prev Med 2003;24:301–9.
80. Liu L, Cozen W, Bernstein L, Ross RK, Deapen D. Changing relationship
between socioeconomic status and prostate cancer incidence. J Natl Cancer
Inst 2001;93:705–9.
81. Parsa P, Parsa B. Effects of reproductive factors on risk of breast cancer: a
literature review. Asian Pac J Cancer Prev 2009;10:545–50.
82. Dunne EF, Unger ER, Sternberg M, McQuillan G, Swan DC, Patel SS, et al.
Prevalence of HPV infection among females in the United States. JAMA
2007;297:813–9.
83. Ribnikar D, Ribeiro JM, Pinto D, Sousa B, Pinto AC, Gomes E, et al. Breast
cancer under age 40: a different approach. Curr Treat Options Oncol
2015;16:16.
84. Truhan AP. Sun protection in childhood. Clin Pediatr 1991;30:676–81.
85. Clarke CA, Moy LM, Swetter SM, Zadnick J, Cockburn MG. Interaction of
area-level socioeconomic status and UV radiation on melanoma occurrence in California. Cancer Epidemiol Biomarkers Prev 2010;19:2727–33.
86. Hausauer AK, Swetter SM, Cockburn MG, Clarke CA. Increases in melanoma among adolescent girls and young women in California: trends by
socioeconomic status and UV radiation exposure. Arch Dermatol 2011;
147:783–9.
87. Austoker J. Melanoma: prevention and early diagnosis. BMJ 1994;308:
1682–6.
88. Glanz K, Buller DB, Saraiya M. Reducing ultraviolet radiation exposure
among outdoor workers: state of the evidence and recommendations.
Environ Health 2007;6:22.
89. Kelsey JL, Gammon MD, John EM. Reproductive factors and breast cancer.
Epidemiol Rev 1993;15:36–47.

Cancer Epidemiology, Biomarkers & Prevention

Downloaded from http://aacrjournals.org/cebp/article-pdf/26/1/75/1941270/75.pdf by guest on 01 July 2022

55. Lynch J, Smith GD. A life course approach to chronic disease epidemiology.
Annu Rev Public Health 2005;26:1–35.
56. Ortman JM, Velkoff V, Hogan H. An Aging Nation: The Older Population in
the United States. Washington, DC.: U.S. Census Bureau, 2014Contract
No.: P25–1140.
57. Ogden LL, Richards CL, Shenson D. Clinical preventive services for older
adults: the interface between personal health care and public health
services. Am J Public Health 2012;102:419–25.
58. Smith KR, Mineau GP, Garibotti G, Kerber R. Effects of childhood and
middle-adulthood family conditions on later-life mortality: evidence from
the Utah Population Database, 1850–2002. Soc Sci Med 2009;68:
1649–58.
59. DuVall SL, Fraser AM, Rowe K, Thomas A, Mineau GP. Evaluation of record
linkage between a large healthcare provider and the Utah Population
Database. J Am Med Inform Assoc 2012;19:e54–9.
60. Kerber RA, O'Brien E. A cohort study of cancer risk in relation to family
histories of cancer in the Utah population database. Cancer 2005;103:
1906–15.
61. Slattery ML, Kerber RA. Family history of cancer and colon cancer risk: the
Utah Population Database. J Natl Cancer Inst 1994;86:1618–26.
62. National Institute for Occupational Safety and Health Division of Safety
Research. Standardized Occupation & Industry Coding: Centers for Disease
Control and Prevention (CDC); 2012 [cited 2012 Sept 28]. Available from:
http://www.cdc.gov/niosh/soic/SOIC_About.html.
63. Nam CB, Powers MG. The socioeconomic approach to status measurement. Houston, TX: Cap and Gown Press; 1983.
64. Smith KR, Mineau GP, Bean LL. Fertility and post-reproductive longevity.
Soc Biol 2002;49:185–205.
65. Steenland K, Halperin W, Hu S, Walker JT. Deaths due to injuries among
employed adults: the effects of socioeconomic class. Epidemiology
2003;14:74–9.
66. Boscoe FP. Trends in reporting delay in United States central cancer
registries. J Registry Manag 2014;41:135–8.
67. Merrill RM. Life expectancy among LDS and non-LDS in Utah. Demographic Res 2004;10:61–82.
68. National Cancer Institute. SEER Cancer Statistics Factsheets: Colon and
Rectum Cancer Bethesda, MD; 2015. Available from: http://seer.cancer.
gov/statfacts/html/colorect.html.
69. National Cancer Institute. SEER Cancer Statistics Factsheets: Lung and
Bronchus Cancer Bethesda, MD; 2015. Available from: http://seer.cancer.
gov/statfacts/html/lungb.html.
70. National Cancer Institute. SEER Cancer Statistics Factsheets: Pancreas
Cancer Bethesda, MD; 2015. Available from: http://seer.cancer.gov/statfacts/html/pancreas.html.
71. Coughlin SS, King J, Richards TB, Ekwueme DU. Cervical cancer
screening among women in metropolitan areas of the United States
by individual-level and area-based measures of socioeconomic status, 2000 to 2002. Cancer Epidemiology Biomarkers Prev 2006;15:
2154–9.

