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Abstract
Differential exposure to financial strain may explain some differences in population health. However,
few studies have examined the cumulative health effect of financial strain across the life-course.
Studies that have are limited to self-reported health measures. Our objective was to examine the
associations between childhood, adulthood, and life-course, or cumulative, financial strain with
disability, lung function, cognition, and depression. In a population-based cross-sectional cohort
study of adult African-American twins enrolled in the US Carolina African American Twin Study
of Aging (CAATSA), we found that participants who reported financial strain as children and as
adults are more likely to be physically disabled, and report more depressive symptoms than their
unstrained counterparts. Participants who reported childhood financial strain had lower cognitive
functioning than those with no childhood financial strain. We were unable to detect a difference in
lung function beyond the effect of actual income and education in those who reported financial strain
compared to those who did not. Financial strain in adulthood was more consistently associated with
poor health than was childhood financial strain, a finding that suggests targeting adult financial strain
could help prevent disability and depression among African-American adults.
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INTRODUCTION
The United States National Institutes of Health and the Institute of Medicine prioritize
understanding and reducing socioeconomic health disparities. A vast body of evidence
demonstrates that low income or low socioeconomic status affects poor health outcomes (Adler
& Newman, 2002; Feinglass et al., 2007; House et al., 1994; Kanjilal et al., 2006; Minkler,
Fuller-Thomson, & Guralnik, 2006; Rehkopf, Berkman, Coull, & Krieger, 2008; T. Seeman
et al., 2008; Turrell, Lynch, Leite, Raghunathan, & Kaplan, 2007). It is not exactly clear,
however, how low income has this effect. Hypothesized pathways include inadequate money
to cover basic needs, access health care, or provide preventive health resources such as
acceptable housing or education (Committee on Understanding and Eliminating Racial and
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Ethnic Disparities in Health Care, 2003). Because it is likely that the inadequacy of income is
on that pathway, it may be preferable to measure the inadequacy of income to meet an
individual’s needs rather than the income itself. To determine whether income is adequate, it
is necessary to have either access to objective data of an individual’s cost of living (e.g.,
household size, transportation needs) or that person’s subjective appraisal of income
inadequacy known as financial strain. Financial strain could be considered an additional SES
indicator based on the Oakes and Rossi (2003) definition of SES as “access to desired
resources” (Oakes & Rossi, 2003). Although actual income is currently used as one proxy for
socioeconomic status, financial strain provides additional information about access to
resources as people with similar incomes may have wide variation in the financial strain they
experience.

Financial strain, while related to income, measures the balance of income to need (Szanton et
al., 2008). Financial strain has been consistently associated with poor health outcomes. For
example, it is related to mortality (Szanton et al., 2008), poor self-rated health (Kahn & Pearlin,
2006), early disability (Matthews, Smith, Hancock, Jagger, & Spiers, 2005), increased
psychological distress (Angel, Frisco, Angel, & Chiriboga, 2003; Ferraro & Su, 1999), and
additional chronic conditions (Kahn & Pearlin, 2006). These studies, with the exception of
Kahn and Pearlin’s, have measured financial strain during adulthood only.

Life-course focus
While measuring financial strain in adulthood is valuable, we hypothesized that including
measurement of childhood financial strain would add value based on findings that the related
but distinct phenomenon of enduring poverty, from childhood through adulthood, is more
deleterious to health than intermittent poverty (Mcleod & Shanahan, 1996; Turrell et al.,
2007). Confirming this approach, the landmark Kahn and Pearlin study of financial strain and
health over several time points (Kahn & Pearlin, 2006) found that persistent financial strain
was more deleterious to health than was episodic financial strain. This important work,
however, examined only subjective measures of health and focused on older adults only.

Cumulative Disadvantage Theory
The objectives of this analysis are framed by the cumulative disadvantage theory. Cumulative
disadvantage theory helps explain intra-cohort differentiation (Dannefer, 1987) by
emphasizing early risk factors that shape trajectories not only for proximal outcomes but also
distal ones. Early risk factors set children on a path of accumulating disadvantage. This
disadvantage compounds over time by setting individuals up for subsequent increased risks.
The compounding explains differential health trajectory heterogeneity in later life (Ferraro,
Thorpe, McCabe, Kelley-Moore, & Jiang, 2006; O’Rand, 1996) depending on early and midlife
advantages and disadvantages.

Psychosocial versus neo-material pathways for the relationship between financial strain and
health

Those who have examined the relationship between financial strain and health have focused
on two different types of pathways: the psychosocial (Kahn & Pearlin, 2006) and the neo-
material (Krieger, Chen, Coull, & Selby, 2005) both of which can be situated in a cumulative
disadvantage context. The focus of psychosocial pathway investigations is on the physiological
effects of chronic stressors (as in the allostatic load framework) in this paper represented by
financial strain. In the allostatic load framework, stress reactions adaptive in an acute situation
are deleterious in response to prolonged or repeated stressors (McEwen, 1998; T. E. Seeman
et al., 2004; Szanton, Gill, & Allen, 2005). Based on this framework, the stress of financial
strain over time would lead to increased stress-system activation that would, in turn, damage
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tissue, accumulate metabolically active visceral fat, and over or under-regulate additional
mechanisms with systemic effects ultimately leading to worse health outcomes.

In contrast, the neo-material perspective focuses on the direct effect of inadequate resources
as a pathway between financial strain and poor health outcomes (Link & Phelan, 1996; Phelan,
Link, Diez-Roux, Kawachi, & Levin, 2004). In this focus, lack of material resources, such as
inadequate access to medical resources, food, and safe environments lead to poor health
outcomes.

We are convinced by both approaches and suggest they are at least additive if not multiplicative.
For example, if a child has frequent asthma attacks due to chronic stressors, the lack of access
to medical care would be even more deleterious than if she had only frequent asthma attacks
or only inadequate access to preventive health care. Therefore, we hypothesized that financial
strain is related to health because of a combination of the inability to attain needed resources
and the stress this insufficient financial means imposes (Pearlin, Schieman, Fazio, &
Meersman, 2005).

Four health outcomes representing physical and cognitive domains
Using either the neo-material or psychosocial perspectives financial strain could be associated
with many different health outcomes. For example from a neo-material perspective, attending
an under-resourced school could lead to reduced “banking” of cognitive abilities (K. E.
Whitfield & Wiggins, 2003) with could lead to a smaller cognitive function “cushion” in older
years. From a psychosocial perspective, chronic stress from financial strain could impair
glucocorticoid receptors through epigenetic changes which can subsequently influence
depression (DeRijk et al., 2006; Oitzl, Champagne, van der Veen, & de Kloet, 2009). Financial
strain could be associated with disability because those with inadequate means are more likely
to have earlier morbidities that lead to disability such as congestive heart failure (Blair, Lloyd-
Williams, & Mair, 2002) and arthritis (Jones, Power, & Macfarlane, 2009; Jordan, Thomas,
Peat, Wilkie, & Croft, 2008). Lung function could be decreased with financial strain, as
mentioned above, either through chronic activation of the stress response or through inadequate
preventive medication, or living in more toxic neighborhoods both of which are more common
for those with inadequate resources (Bryant-Stephens, 2009; Rauh, Landrigan, & Claudio,
2008). Therefore, to examine the global association of financial strain and health, we examined
two measures of physical health (one self-report and one objective) and two measures of
cognitive health (one subjective and one objective). The physical measures are disability and
lung function, while the cognitive ones are depression and cognition.

Objective
The objective of the present analysis was to contribute to the understanding of the relationship
between life-course financial strain and four different health outcomes in a population-based
cohort of African Americans. As mentioned above, we sought to test the hypothesis that
financial strain would be globally related to worse health by taking two physical, two cognitive,
two self-report, two objective measures of health The specific questions addressed in this paper
were: How is childhood financial strain and/or adult financial strain associated with physical
disability, lung function, cognition and depression in African American adults? (2) Is life-
course financial strain associated with physical disability, lung function, cognition and
depression in African-American adults?

Study Population
Data for these analyses were obtained from the Carolina African American Twin Study of
Aging (CAATSA) (K. E. Whitfield, Brandon, Wiggins, Vogler, & McClearn, 2003). The
CAATSA was designed to examine the health status, cognitive functioning, and physical and
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psychosocial functioning of adult African American twins. This population-based sample of
participants was identified from birth records between the years of 1913 and 1975 from 23
vital statistics offices in North Carolina counties, U.S.A. Birth records were then entered into
a computerized database of twin births. After the records were computerized, potential
participants were located through voter registries and telephone white page searches.

The assessments were administered in person by a trained interviewer and consisted of
structured assessments of demographic and socioeconomic information, self-reported health
behaviors, personality, well-being, and aspects of mental and physical health, including
quantitative assessments of lung function, cognition, and depression. Participants were enrolled
between 1999 and 2003. All participants gave informed consent, and the study was approved
by the Institutional Review Boards of the University of North Carolina Chapel Hill and
Pennsylvania State University. Additional information regarding the CAATSA study design
can be found elsewhere (Whitfield et al., 2003).

The final sample resulted in 706 interviews with 286 pairs of twins, 31 pairs of siblings and
72 surviving members of non-intact twin pairs. We analyzed data on 699 because 7 were
missing complete data on financial strain.

Financial Measures
These items are derived from the Longitudinal study on Aging which derived them from Pearlin
and colleagues (Pearlin, Menaghan, Lieberman, & Mullan, 1981).

Childhood financial strain—Childhood financial strain was measured with the question:
“How well off was your family when you were growing up? The five possible responses were:
“Not getting by,” “Barely getting by,” “Doing OK,” “Doing well,” “Very well off.” These
possible responses were followed with examples to standardize the responses, such as: “Doing
OK means: had enough money for bills, food and a few of the extra things we wanted.” The
responses were then dichotomized. Those who answered “Not getting by” or “Barely getting
by” were considered to have experienced financial strain in childhood, and those who placed
themselves in one of the other categories (“Doing OK,” “Doing well,” or “Very well off”)
constituted the “no childhood financial strain” group.

Adult financial strain—Financial strain in adulthood was measured by the response to the
question, “How well does your income cover your needs?” There were four possible responses:
“Not very well,” “Poorly, but I get by,” “Pretty well,” “Very well.” We considered those
respondents who reported “Not very well” or “Poorly, but I get by” to be the group with
financial strain in adulthood and those answering “Pretty well” or “Very well” as the group
without financial strain as adults.

Measurement of Life-Course financial strain—We then combined the data on
childhood and adult financial strain to create the life-course financial strain variable. We
created four mutually distinct financial strain categories, which we viewed as progressing from
most to least detrimental: (1) childhood financial strain/adult financial strain, (2) child financial
strain/no adult financial strain, (3) no childhood strain/adult financial strain, and (4) no
childhood financial strain/no adult financial strain.

Measures of Health Outcomes
Physical Health—Two parameters were used to assess physical health: physical disability
and lung function.
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Disability: The disability measure was based on the participant’s report of difficulty in
performing one or more of seven basic activities of daily living (ADLs): eating, dressing,
grooming, walking, bathing, using the toilet, and transferring in and out of bed (KATZ, FORD,
MOSKOWITZ, JACKSON, & JAFFE, 1963). A binary variable was created for each ADL to
indicate whether or not the individual had difficulty in performing that specific activity.
Summing these seven binary variables yielded a dichotomous variable for disability that
allowed us to identify those individuals who had difficulty in a least one ADL (considered
“disabled”) versus those who had no difficulty in any ADL (considered “non-disabled”)
(Freedman, Martin, Schoeni, & Cornman, 2008).

Lung function: Lung function was measured using a Mini-Wright peak flow meter to assess
the peak expiratory flow (PEF) for each individual. While standing, participants took a deep
breath, covered the end of the tube of the peak flow meter with their lips, and blew as hard as
possible for one second. Participants performed the test three times with an interval of at least
30 seconds between each PEF reading. The average of the three trials was used as the measure
of lung function in the current analysis.

Mental health: cognition and depression—Cognition was assessed using the Telephone
Interview of Cognitive Status (TICS) administered in person (Brandt & Spencer, 1988). The
TICS is highly related to the Mini Mental Status Examination (MMSE) (r=0.94), which is the
most commonly used measure of mental status. The TICS is scored on a scale of 0 to 41, with
individuals scoring below 30 being considered to have cognitive impairment (Brandt &
Spencer, 1988). We restricted the cognition analyses to those in the cohort over age 50.

Depressive symptomatology was assessed using the 11-item version of the Center for
Epidemiologic Studies-Depression (CES-D) scale, which is designed to assess frequency and
severity of depressive symptoms during the previous week (Kohout, Berkman, Evans, &
Cornoni-Huntley, 1993). Scores can range from 0 (reporting no depressive symptoms) to 33
(reporting more depressive symptoms). Participants who scored a 9 or above on this modified
version of the instrument were classified as depressed (Kohout et al., 1993).

Covariates
Possible confounders included in our analysis were reported household income (dichotomized
as low income (less than $1500 per month) or not (greater than or equal to $1500 per month),
education (in years), age (measured in years), height (in centimeters), gender (male, female),
body mass index (weight in kilograms divided by height in meters squared), and self-reported
cigarette pack-years (the number of smoking years times the number of packs smoked per day).

Statistical Analysis
We calculated the mean and standard deviation (SD) for the demographic characteristics,
financial strain, and health measures. We performed multivariable logistic regression for the
binary outcome (disability) and multivariable linear regression for the continuous outcomes
(lung function, cognition, and depression). All regressions were adjusted for income, years of
education, body mass index, age, and cigarette pack-years. Regression models in which lung
function was the outcome were also adjusted for height and gender. When cognition was the
outcome variable, we also adjusted for depression. Participants in the “no childhood financial
strain/no adult financial strain” served as the reference group for these comparisons. We also
conducted separate tests for the main effects of financial strain in which we compared all those
with financial strain in childhood to all those with no strain in childhood and in all those with
financial strain in adulthood compared to all those with no financial strain in adulthood. In
models that examined childhood financial strain only, we did not control for adult financial

Szanton et al. Page 5

Soc Sci Med. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



strain and similarly did not control for childhood financial strain in models of adult financial
strain.

Because the sample consisted of adult twin pairs, the independence of observations assumption
was not upheld, making standard regression procedures inappropriate. Therefore, to account
for twin-pair dependency both in the outcome and covariates, a multilevel model approach was
employed using xtreg, xtlogit, and ologit with a cluster option (STATA, Inc., College Station,
TX). This multilevel approach assumed that each participant was nested within a twin pair and
allowed for a varying degree of covariation among twins depending on their twin status (i.e.,
monozygotic, dizygotic, same-sex dizygotic, or sibling) as in Thorpe et al (Thorpe, Szanton,
& Whitfield, 2009). P-values <0.05 were considered statistically significant, and all tests were
two-sided. All analyses were done in STATA, version 10.

RESULTS
The 699 adults in this sample had a mean age of 50 (SD=14.6), with an age range of 22 – 92
years (Table 1). More had experienced financial strain as adults than as children (32.5% versus
22.5%). They had an average of one medical condition (SD, 1.14). Of the 699, 22% were
disabled, and 52% had decreased pulmonary capacity (<80% of the predicted respiratory flow
based on their gender, age, and height). (Table 1 about here).

Physical Health results
Disability—Disability ranged from 4% of 20–30 year olds to 85% of those in 80–90 year
olds. Strikingly, participants who reported financial strain at both time periods had 121%
greater odds of being physically disabled than those who reported strain at neither time point
(odds ratio [OR], 2.21; 95% confidence interval [CI], 1.13,4.33; Table 3), even after adjusting
for income, education, body mass index, age and cigarette pack-years. Those who experienced
no childhood strain but strain in adulthood were also significantly more likely to be disabled
Odds Ratio of 1.82 (95% CI,1.03, 3.22) compared to those who reported no strain at either
time point. Those who reported childhood financial strain (with or without adult financial
strain) had no increased likelihood of disability when compared to those who did not (OR,
1.53; 95% CI, 0.74, 3.14). However, those who reported adult financial strain, whether or not
they experienced financial strain in childhood, had an increased likelihood of disability when
compared to those with no adult financial strain (OR, 1.83; 95% CI, 1.14, 2.94).

Lung function—Participants who reported financial strain at both time points had a 43.26-
mL lower PEF value, independent of age, height, gender, and smoking history, than did the
reference group who reported no strain at either time point (95% CI, −71.17, −15.25; data not
shown). After adjustment for education and income, however, relationships between financial
strain and lung function were non-significant at any time point (−21.45 mL/sec)(Table 3)

Depression—Participants with financial strain in both childhood and adulthood scored an
average of 1.90 points higher on the depression scale (i.e., were more depressed) than did those
who experienced no strain at either time (Table 3). Those who reported strain only in adulthood
scored an average of 1.21 points higher on the depression scale (p<0.05) than those who
reported no strain. Those with strain only during childhood were no more likely to be depressed
(mean score 0.61 points lower; p>0.05) than those with no strain (Table 2). Those reporting
childhood financial strain were no more depressed than were those with no childhood strain,
but those who reported financial strain in adulthood scored an average of 1.44 points higher
on the depression scale than did those with no strain during adulthood (p<0.05) (Table 2)
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Cognition—Participants who reported financial strain only in childhood were more likely to
have a lower cognitive functioning score than those who reported no strain at either or both
time points. Those who experienced childhood financial strain scored an average of 1.53 points
lower on the TICS (p<0.005) than did those reporting no strain (Table 3).

DISCUSSION
We found that life-course financial strain is significantly associated with depression, cognition,
and disability in adult African Americans net of income, education and other important
covariates (age, body mass index, smoking history). To our knowledge, this is the first time
that disability, cognition, and depression measures have been associated with life-course
financial strain in a mid life to older African American cohort.

The results of this study confirm reports from previous research indicating that cumulative low
socioeconomic status is related to poor health (Kahn & Pearlin, 2006; Krieger et al., 2005;
Pollitt et al., 2007; Turrell et al., 2002; Turrell et al., 2007) and that there is an association
between financial strain in both childhood and adulthood for self-reported measures such as
depression (Kahn & Pearlin, 2006). Kahn and Pearlin (2006), with a comparable number of
African American participants, did not find a relationship between financial strain and
depression in their African American sample. Their participants, however, were 65 years and
older. As they describe, those with the strongest risks for poor health outcomes may not have
lived to participate in their study. Because African-Americans face earlier morbidity and
mortality, a cohort that has only those over 65 faces strong selection bias pressures.

Putting our findings into the cumulative disadvantage context, we found that for depression
and disability, participants who reported both childhood and adult strain had worse health than
those with strain at neither time point even accounting for current income and education.
Cogntiion was only worse for those reporting childhood financial strain. Lung function was
not related to financial strain after adjusting for income and education. Education and income
were related to each outcome in the expected directions and the finding we report are in addition
to these SES measurements.

Our findings, while robust, are not conclusive in terms of the neo-material versus psycho-social
hazard interpretation of the financial strain’s impact on health. The relationship between
financial strain and these health outcomes could be from lack of resources themselves or the
psychosocial strain that represents or both.

Depression is bi-directionally related to pervasive chronic health problems such as diabetes
and heart disease. The current data does not allow us to address the causal pathway from
financial strain to poor health outcomes but the relationship between financial strain and
depression could be a credible target for further study.

Subjective data is subject to bias but both of our depression and disability measures are widely
used, sensitive, specific, and predictive of future morbidity and mortality(Kivela & Pahkala,
2001; Mendes de Leon et al., 1998; Mezuk, Eaton, Albrecht, & Golden, 2008; Mezuk, Eaton,
Golden, & Ding, 2008; Penninx et al., 1998; Penninx, Leveille, Ferrucci, van Eijk, & Guralnik,
1999). It may be that subjective data is more related to the psychosocial pathway of financial
strain to poor health. If so, our results support the psychosocial pathway. Our findings on
cognition could support either a neo-material or psychosocial pathway.

Our results are consistent with previous research by Matthews et al which showed an earlier
risk of disability for those with inadequate income. However, the current study extends the
conclusions to quite a different population (Matthews et all studied a largely affluent White
British population). Our results also extend the inquiry into childhood financial strain enabling
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us to use a life-course perspective and conclude that reporting adult financial strain and
childhood strain seems to confer increased risk for depression, disability, and decreased
cognition in African American adults.

We did not attempt to look for differences in adult health based on adult financial strain
differences between pairs as there was not enough variance in adult SES to achieve this. Based
on work by Krieger et al 2005, this was the original goal of the analysis. However, we found
that the dyads had insufficiently different adult SES outcomes to be able to examine differences
in health that might have derived from differences in SES. This led us to hypothesize a ceiling
effect on education and income for the older age groups in this data set which we demonstrate
in (Szanton, Johnson, Thorpe, & Whitfield, 2009).

It should be noted that the cross-sectional design of the CAATSA limits the assessment of
temporal order among the variables and does not allow us to establish causality. For example,
it is possible that poor adult physical function and depression could cause adult financial strain.
This could be either because those with disability or depression might be less likely to obtain
adequate employment or have higher living expenses. However, the prospective literature on
financial strain and health outcomes does not support this interpretation (Ferraro & Su, 1999;
Matthews et al., 2005).

Another limitation of the current study is that assessment of childhood financial strain was
retrospective. It would have been more accurate to measure childhood financial strain during
childhood. However, this is infeasible in a study involving adult health outcomes. Interviewers
prompted participants by describing possible financial circumstances. This practice likely
increased accuracy of participant answers. It is also important to emphasize that this study
measured adult financial strain at one time (the time of the interview) and may therefore not
be reflective of financial status throughout an individual’s entire adulthood.

There are several advantages to examining this research question in an entirely African-
American cohort. The main advantage is that it removes the confounding of race and
socioeconomic status. Being African-American and poor in the 1930s to 1970s (when this
cohort was young) was fundamentally different than being White and poor. Examining solely
African-Americans raised at this time enables us to examine financial strain and infer back to
the wider health disparities literature. The limitation is that it does not enable us to directly
infer to White populations but we would hypothesize the findings would be similar.

A strength of the current analysis is that the data were drawn from a population-based study
of African American twins from 23 counties in North Carolina. These participants ranged in
age from 20s to 80s and were therefore born in or recently after the Jim Crow era of the
American South and the subsequent Civil Rights movement. While African Americans still
lag behind other groups in income, there were major advances during the life-times of our
participants. Sadly, there were more participants who reported financial strain at adulthood
than did at childhood. This may, however, be due to a more thorough, or realistic, knowledge
of finances in adulthood compared to childhood.

The results of our analysis suggest that even when individuals have reached adulthood, it may
not be too late to intervene in ways that can lessen financial strain and improve health. Of the
four outcomes we examined, only cognition was compromised in individuals who reported no
adult financial strain but did report childhood financial strain. Policies targeting financial strain
in adulthood (providing more thorough prescription drug support or tax credits, for example)
could potentially decrease disability, and depression in African Americans. Decreasing these
health-related problems could provide societal savings through increased productivity and
decreased health care costs (Fried, Ferrucci, Darer, Williamson, & Anderson, 2004; Miller et
al., 2005; Wang, Simon, & Kessler, 2008).
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Table 2

Health Status of African Americans with childhood or adult financial strain (N= 699)

Financial Strain

Childhood straina Adulthood strainb

Disability, OR (95% CI) 1.50 (0.90, 2.49) 1.83 (1.14, 2.94)

Lung Function, mL/sec (95% CI) −16.96 (−37.86, 3.94) −9.52 (−28.14,9.10)

Cognition, mean score (95% CI) −1.83 −2.86, −0.80) −0.33 (−1.04, 0.98)

Depression, mean score (95% CI) 0.29 (−0.71,1.30) 1.44 (0.53,2.36)

a
As compared to no financial strain in childhood.

b
As compared to no financial strain in adulthood.

The values for continuous variables (PEF, cognition, depression score) are regression coefficients and 95% confidence intervals.

Those for the dichotomous variable (disability) are odds ratios and 95% confidence intervals.

All variables were adjusted for education, income, body mass index, age and cigarette pack years. PEF was also adjusted for height and gender.
Cognition was also adjusted for depression.

Significant results are in boldface type.

Soc Sci Med. Author manuscript; available in PMC 2011 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Szanton et al. Page 14

Table 3

Health Status of African Americans According to Time of Reported Financial Strain (N= 699)

Disability (OR and 95%
CI)

Lung Function (β and
SE) Cognition (β and SE)

Depression (β and
SE)

Financial Strain

Childhood and adulthood
financial strain

2.21 (1.13–4.33) −21.46 (14.9) −0.1 (0.62) 1.90 (0.70)

Childhood strain only 1.53 (0.74–3.14) −16.70 (14.24 −1.53 (0.67) −0.61 (.69)

Adult strain only 1.82 (1.03 – 3.22) −8.47 (11.12) 0.62 (0.57) 1.21 (.55)

No strain (index) --- --- --- ---

Age 1.06 (1.04–1.08) −3.0 (1.43) −0.08(0.03) −0.07 (.017)

Pack years 0.94 (0.63 – 1.39) −13.20 (8.22) −0.29 (0.32) ---

BMI 1.05 (1.02 – 1.09) −0.80 (0.65) 0.01 (0.03) −0.01 (.03)

Education 0.98 (0.91 – 1.06) 5.37 (1.58) 0.67 (0.07) −0.18 (.08)

Low income 2.20 (1.32 – 3.66) −30.87 (9.95) −2.75 (0.51) 1.6 (0.49)

Height --- 3.63 (1.43) --- ---

Gender --- −76.99 (11.50) --- ---

The values for continuous variables (PEF, cognition, depression score) are regression coefficients and standard errors confidence intervals.

Those for the dichotomous variable (disability) are odds ratios and 95% confidence intervals.

Significant results are in boldface type.
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