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Abstract
Daily affect is important to health and has been linked to cortisol. The combination of high
negative affect and low positive affect may have a bigger impact on increasing HPA axis activity
than either positive or negative affect alone. Financial strain may both dampen positive affect as
well as increase negative affect, and thus provides an excellent context for understanding the
associations between daily affect and cortisol. Using random effects mixed modeling with
maximum likelihood estimation, we examined the relationship between self reported financial
strain and estimated mean daily cortisol level (latent cortisol variable), based on six salivary
cortisol assessments throughout the day, and whether this relationship was mediated by greater
daily negative to positive affect index measured concurrently in a sample of 781 Coronary Artery
Risk Development in Young Adults (CARDIA) Study participants. The analysis revealed that
while no total direct effect existed for financial strain on cortisol, there was a significant indirect
effect of high negative affect to low positive affect, linking financial strain to elevated cortisol. In
this sample, the effects of financial strain on cortisol through either positive affect or negative
affect alone were not significant. A combined affect index may be a more sensitive and powerful
measure than either negative or positive affect alone, tapping the burden of chronic financial
strain, and its effects on biology.
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Stress-induced stimulation of the hypothalamic-pituitary-adrenal (HPA) axis is an adaptive
neurobiological process with a range of protective body-wide effects. Yet, elevated or
prolonged release of glucocorticoids, seen in those economically disadvantaged, can cause
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physiological `weathering' typical of diseases of aging (McEwen, 2007). For example,
ambulatory and lab-induced elevations in cortisol levels have been significantly linked to
various features of and risk factors for cardiovascular disease (Cagnacci et al., 2011; Hamer,
O'Donnell, Lahiri, & Steptoe, 2010; Matthews, Schwartz, Cohen, & Seeman, 2006).
Financial disadvantage is firmly established as a significant contributor to the development
and progression of a wide range of chronic diseases and mortality (Adler & Rehkopf, 2008).

Affective states are acutely associated with ambulatory cortisol, the essential human
glucocorticoid released from the adrenal gland. In studies that have examined both negative
and positive affect during the day and their relationship to cortisol in the same study, greater
negative affect covaries with increased cortisol in some studies, and in others, greater
positive affect with lower cortisol (Adam, Hawkley, Kudielka, & Cacioppo, 2006;
Brummett, Boyle, Kuhn, Siegler, & Williams, 2009; Nater, Hoppmann, & Klumb, 2010).
Inconsistent findings may result from the fact that while negative and positive affective
states are negatively correlated, they can co-occur (Larsen, McGraw, & Cacioppo, 2001),
and that a combined affect index, i.e. the balance between participants' ratings of negative
and positive affective states, may drive cortisol levels. The current study investigates this
possibility, that an affect index integrating information from two opposing affective states is
associated with cortisol measured at several time points across a day for each individual.

We examined these associations within the context of financial strain. Of growing interest is
the role that financial strain plays in disease pathogenesis (Georgiades, Janszky, Blom,
Laszlo, & Ahnve, 2009; Puterman, Adler, Matthews, & Epel, 2012; Rios & Zautra, 2011;
Steptoe, Brydon, & Kunz-Ebrecht, 2005; Szanton et al., 2008; Szanton, Thorpe, &
Whitfield, 2010). Financial strain has been previously related to elevated cortisol over the
course of a day (Grossi, Perski, Lundberg, & Soares, 2001), providing an important context
within which to examine how financial strain may indirectly impact daily cortisol through
daily affect - and in particular a negative to positive affect index.

Method
Procedure

During 1985–1986, CARDIA recruited 5115 participants, aged 18 to 30 years, at four sites,
balanced for race, sex, age, and education, and assessments were conducted at study entry
and eight follow-up years up to 25 years. The current study reports data from a sub-study at
the year-15 follow up at the Chicago, Illinois, and Oakland, California, sites (Cohen et al.,
2006). Site institutional review committee approval and informed consent were obtained.
Participants from the Chicago (N = 615) and Oakland (N = 721) sites who lived within 50
miles of the site were invited to participate in the sub-study following their main study visit.
Of those eligible, 836 (62.6%) consented, of which 806 returned salivary cortisol samples
and the time each sample was collected. Twenty-five participants who woke up after 11 AM
(between 11:15 AM and 11:00 PM) were excluded. The present analysis includes the
remaining 776 participants. Sub-study participants had lower education and income and
higher body mass index (BMI; kg/m2) and diastolic and systolic blood pressure than those
who did not participate in the sub-study.

Measures
Cortisol—At the end of year 15 clinic visit, participants received materials and instructions
for ambulatory cortisol collection. Samples were collected six times on one weekday: at
awakening, 45 minutes, 2.5 hours, 8 hours, and 12 hours after awakening, and at bedtime.
Participants were told not to eat, brush their teeth, or drink liquids for at least 15 minutes
before samples. Alarm watches (preset to usual wakeup time) reminded participants to
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collect samples. Nine samples with levels below the minimum detectable level (0.7 nmol/L)
were assigned values of 0.5 nmol/L. Intra- and interassay variabilities were less than 12%.
Cortisol values were natural log transformed. One hundred and fifty-nine of 4,697 cortisol
samples were excluded due to sample collection outside the appropriate windows. For more
information on sample collection, storage, assay and exclusion criteria, see Cohen et al.
(Cohen et al., 2006).

Financial Strain—In response to, “How hard is it for you (and your family) to pay for the
very basics like food, medical care, and heating?” participants selected 1= very hard, 2 =
hard, 3 = somewhat hard, or 4 = not very hard. Financial strain was recoded: very hard and
hard as high strain (`1'), and somewhat and not very hard as low (`0') (Puterman et al.,
2012).

Negative to Positive Affect Index—At each cortisol sampling, Participants recorded the
extent to which they were currently (1) `happy, excited, content' and (2) `worried, anxious,
fearful' on a 4-point Likert scale (0 to 3). For each time point, negative to positive affect
index was calculated by subtracting positive from negative affect. The intraclass correlation
for the six reports of affect index made on a single day was .48, indicating that
approximately half of the total variation is attributable to differences between participants in
their average level of affect index, and half to fluctuations over the day.

Statistical Approach
Descriptive statistics and t-test and chi-square test comparisons between those high and low
in financial strain were examined. Mixed effects models (with the intercept, time since
waking, and grand-centered affect treated as random effects [with unstructured covariance
matrix], other variables treated as fixed effects) with maximum likelihood estimation were
used to test the (1) associations between financial strain and the person-specific intercepts
(path X → Y, or `c', in typical mediation models) and (2) indirect effect of financial strain
on cortisol through negative to positive affect index (paths `a' and `b' in typical mediation, X
→ M, and M → Y, respectively). We also examined whether either positive or negative
affect independently mediates the financial strain-cortisol relationship. To test indirect
effects `a*b', bootstrapping was employed (Bauer, Preacher, & Gil, 2006), using the online
tool to create 95% confidence intervals for the a*b pathway (http://www.quantpsy.org/
medmc/medmc.htm). Bootstrap testing of mediation hypotheses is a preferable approach
to mediation because it avoids the problem that the sampling distribution of the indirect
effect is not normally distributed (Bauer et al., 2006). As noted by Preacher and Hayes
(2004), indirect effects can exist even when there is no evidence for a significant total effect.
Bootstrapping procedures use resampling procedures to test and retest a large number of
times the indirect effect of X → M and M → Y to establish confidence intervals of the
observed indirect effect. This is the same as the Monte Carlo method with real, not
simulated, data and assumes that the parameter estimates are normally distributed (for a
more in-depth read on bootstrapping procedures for mediation models, please see (Preacher
& Hayes, 2008)). Due to the limited number of participants with high strain (N=35), only
BMI and race, which significantly predicted the affect index and/or cortisol in mixed
models, were included in the current study. Age, income, gender, and education were not
included in the analyses. While we were interested in latent or estimated average affect
index (person-specific intercepts) mediating the pathway from financial strain to latent or
estimated average cortisol (person-specific intercepts), we accounted for the person-specific
usual diurnal pattern of cortisol over the day, including the naturally occurring peak
awakening response (a binary variable for the second cortisol sample at wake + 45 minutes)
and natural declining slope across the day [hours since waking up at each sample centered
around midday (8 hours from wakeup). Cortisol slopes did not vary as a function of either
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financial strain or affect and thus, we only modeled latent or estimated averages of cortisol
(controlling for the slope). This is equivalent to completing analyses with area under the
curve for the day, but maintains the advantage of mixed effects models with respect to the
treatment of missing data. We subtracted 8 hours under the assumption that the typical
person is awake for 16 hours and sleeps 8 hours. The average duration between the wake-up
cortisol sample and the bedtime sample in this study was 16.5 hours. This allows us to
interpret the random intercepts in the multilevel mixed models as average levels of the
outcome variable over the waking period. All analyses were performed using SPSS version
20.0.

Results
Descriptive statistics and comparisons between those high and low in financial strain are
presented in Table 1. Compared to those with low financial strain (94.5% of sub-study
sample), those with high strain were more likely to be black, have lower income and
education, and greater BMI. Those high in financial strain also experienced significantly
greater negative to positive affect index at 8 and 12 hours after wakeup and at bedtime.
When affective states and cortisol levels were averaged across the full day of sampling, high
financially strained participants had elevated daily negative affect (p = .04) and negative to
positive affect (p = .04) compared to those with low strain. Mean negative affect for the
entire day was significantly inversely related to mean positive affect [r (776) = −.31, p < .
001]. PA and NA were negatively related at each time period; the inverse relationship was
smallest at waking, r = −.l8, and ranged at different times of the day up to r = −.33, with no
consistent time pattern. See Table 2 for correlations between negative and positive affect at
each time point. However, only the negative to positive affect index score was significantly
related to mean level of cortisol across the whole day [r (776) = .08, p = .03].

Mixed model analyses revealed that participants high (versus low) in financial strain did not
have significantly higher cortisol (B= 0.12, SE = .07, p = .11; path c), after adjustment for
covariates. Financial strain was unrelated to positive affect (B= −0.15, SE = .09, p = .12),
but significantly related to negative affect (B= .20, SE = .09, p = .02), and affect index (B=
0.35 SE = .14, p < .02; path a) over the day. In separate models, positive affect (B= −0.05,
SE = .02, p = .001), negative affect (B= 0.03, SE = .02, p = .048), and negative to positive
affect index (B= 0.04, SE = .01, p = .001) were each significantly related to higher cortisol,
with financial strain in the model as a covariate (paths b). Although, as previously noted, the
association of financial strain with cortisol was not significant (p = .12, controlling for BMI
and race), bootstrapping indicated a significant a*b indirect effect of financial strain on
cortisol through negative to positive affect index, as seen in Figure 1. To interpret this
indirect effect, financially strained individuals, compared to those lower in strain, have an
average .35 unit significant increase in negative to positive affect index, which in turn is
related to an average 4% significant increase in cortisol.

Discussion
In the current study, we examined whether the effect of financial strain on daily cortisol
output was mediated by the difference between co-occurring negative and positive affect.
Results indicate that positive and negative affect are related to levels of cortisol across a day,
supporting previous work on each affective state (Adam et al., 2006; Brummett et al., 2009;
Nater et al., 2010). While financial strain was not directly associated with cortisol over a day
or a flatter slope as has previously been described for lower income individuals (Cohen et
al., 2006), financial strain was related to greater negative affect alone, and to greater
negative to positive affect index in independent analyses. Furthermore, bootstrapping
revealed that a significant indirect pathway through which those experiencing financial
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strain may ultimately have elevated cortisol levels may be, in part, attributed to the
combination of higher negative affect and lower positive affect at the same time, repeatedly,
over the day. This effect was unique to the difference between negative and positive affect,
as neither positive nor negative affective state alone was a significant mediator.

At any one point, people experience varying levels of positive and negative affect, and while
the two are inversely related, both affective states are nonetheless somewhat independent
from each other (Larsen et al., 2001). The ability to maintain some positive affect even in
the face of distress is emerging as an important part of psychological and biological health.
Maintaining positive affect can reduce stress-related physiological arousal (Aschbacher et
al., 2012; L. Fredrickson & Levenson, 1998), and positive affect during stressful times is
related to better adjustment on a daily basis (Zautra, Affleck, Tennen, Reich, & Davis,
2005). For many, the experience of financial strain is severe, and thus, examining the
environmental or situational factors that curtail the experience of positive affect is of
particular importance for future studies. The significant mediation of negative to positive
affect index, of course, may also be partly due to greater power to detect the combined effect
of high negative and low positive affect than either one alone.

It is important to note that we demonstrated that those financially strained have an average .
35 unit significant increase in negative to positive affect index compared to those not
strained, which in turn predicts an average 4% increase in mean daily cortisol. Previous
work (Adam et al., 2006) has demonstrated that negative affect (tension and anger) is related
to significant changes in cortisol slope (1% flatter per SD change in affect). Slope and mean
levels may result in part from different underlying physiological regulation of the HPA axis
(circadian regulation versus stress arousal), Differences in cortisol slope in a day do not
necessarily mean higher mean cortisol, as one could have a flat slope with low values.
Furthermore, at present, there are no standard trajectories or standard levels of average
cortisol in a day that are understood to represent an unhealthy level that may promote
dysregulation of other biological systems related to disease.

In addition to the role of cortisol in regulating metabolism via glucose production, cortisol
has important regulatory effects on many systems, including cognitive, neural, autonomic
and immune. Chronically elevated cortisol may strain these systems, leading to DNA
alterations that alter protein production linked to accelerated cell aging and development of
age-related diseases (Epel, 2009). Those financially strained feel more depressed, stressed,
and vitally exhausted (Georgiades et al., 2009; Rios & Zautra, 2011). These effects may
unfold daily through increases in negative affect and decreases in positive affect, resulting in
a negative to positive affect index that co-occurs with, or even drives, cortisol elevations, as
seen here. Of interest, while previous work has demonstrated that those with lower income
and education have significantly flatter slopes than those with less socioeconomic
disadvantage, the current analyses did not find a similar effect of self-reported financial
strain on cortisol slope or average across the day. One previous study demonstrating that
financial strain was related to cortisol across the day was conducted in a sample of
chronically unemployed individuals (Grossi et al., 2001), thus differentiating the previous
work from the current. Future studies should distinguish between objective and subjective
components of socioeconomic disadvantage to examine whether different patterns of
affective and biological outcomes emerge as a result.

While the intensity of affective states are important, increasing research directs our attention
to the duration and frequency of affective states (Diener et al., 2009). Future studies should
examine the intensity, frequency, and duration of a wider range of affective states, as well as
the lagged effects of an affect index on cortisol. The current study could not examine these
effects given the limited sampling that occurred (six times in one day) and limited affective
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states that were recorded. Thus, research could examine which emotions are triggered most
by financial strain and examine the biological pathways that link specific affective states to
HPA activation and reactivity of other systems.

Examining the effects of financial strain on emotional inertia (Suls, Green, & Hillis, 1998)
and its ensuing role in elevated or blunted cortisol across the day could also prove a
significant direction of future studies. The research on emotional inertia suggests that
emotions are more likely to persist across time (i.e. higher emotional inertia) in those with
greater psychological maladjustment (Kuppens, Allen, & Sheeber, 2010) and those
predisposed to depression (Koval, Kuppens, Allen, & Sheeber, 2012). Yet, contextual
factors seem to impact levels of inertia as well (Koval & Kuppens, 2012; Kuppens et al.,
2010). To date, the extent to which financial strain predicts emotional inertia or how inertia
is related to biological outcomes in the day remains unexplored.

In the current study, financial strain was not significantly related to cortisol yet appears to
impact cortisol through altering the balance of positive and negative affective states
experienced in a day. Recent advances in statistical modeling of mediation effects have
highlighted the importance of distinguishing between mediation that requires a significant
direct relationship between a predictor, X, and outcome, Y, versus testing indirect effects in
the absence of a significant relationship. According to several researchers, the over-
emphasis on full and partial mediation requiring the initial predictor `X' – in this case
financial strain – to be significantly associated with the outcome `Y' – here, cortisol –limits
theoretical developments. To summarize Rucker, Preacher, Tormala, and Petty (2011), the
analysis of the direct effect X → Y is limited by several statistical considerations such as
measurement precision, strength of the X:Y relationship, sample size, and suppressors.
Furthermore, emphasizing the relationship of X → Y inhibits consideration of the equally
important theoretical possibility that perhaps X predicts changes in a mediator M – here,
negative to positive affect index – which then predicts a change in Y. By requiring either a
significant X → Y or a significant drop in the effect c' when the mediator is included in the
model, we lose sight of the multitude of factors that may be impacted by X that may in their
own right be important in shifting Y.

Limitations and conclusions
An important limitation in the current study is the small number of participants reporting
high financial strain (N=35), thus cautious extrapolation of the current findings to all
financially strained individuals is necessary. Furthermore, this limited sample size and,
especially, the small number of participants with high financial strain limits our ability to
test whether differential patterns in affective and biological outcomes exist at varying levels
of income and education, or by age, sex, or race.

Yet, these findings direct attention to the likely emotional burden of not being able to make
ends meet, and the persistent, insidious way that low socioeconomic disadvantage “gets
under the skin” to affect health. The psychological experience of prolonged stress about
making ends meet may tip the emotional scale from positive to negative, with consequences
for increased HPA arousal. Future investigations should examine whether the emotional
burden of financial strain impacts other stress reactive biological systems. We've previously
demonstrated in this sample that financial strain predicts elevated fasting glucose levels
more than a decade later (Puterman et al., 2012). Elevations in glucocorticoids are related to
increased risk for diabetes (American Diabetes Association, 2013). These results may help
explain one mechanism by which financial hardship results in serious consequences for
health.
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Figure 1.
Indirect Effects of Financial Strain on Daily Cortisol Output Through Negative to Positive
Affect Index
Note. Bootstrapping indicated a significant a*b indirect effect of financial strain on cortisol
through negative to positive affect index (95% CI = .001, .027). There was no significant
indirect effect for either positive (95% CI = −.019, .002) or negative affect (95% CI = −.
000, .017).
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Table 1

Demographics, Affect Discrepancy and Cortisol Levels, by Financial Strain.

Baseline Financial strain

All (N =776) Low (N =741) High (N =35)

Age, Mean (SD) 39.95 (3.64) 39.96 (3.66) 39.82 (3.47)

Male sex, No. (%) 327 (42) 316 (43) 10 (29)

White, No (%)* 355 (46) 345 (47) 10 (29)

Education (years), mean (SD)* 14.89 (2.44) 14.95 (2.43) 13.63 (2.23)

Body Mass Index, mean (SD)* 29.30 (7.34) 29.06 (7.01) 34.47 (11.42)

Negative to Positive Affect Index

 Wake, Mean (SD) −0.43 (1.09) −0.43 (1.09) −0.40 (1.12)

 +45 minutes, Mean (SD) −0.70 (1.05) −0.71 (1.04) −0.49 (1.09)

 + 2.5 hours, Mean (SD) −0.82 (1.09) −0.83 (1.08) −0.49 (1.15)

 + 8 hours, Mean (SD)* −0.83 (1.14) −0.85 (1.14) −0.46 (1.20)

 + 12 hours, Mean (SD)* −0.84 (1.15) −0.86 (1.14) −0.42 (1.37)

 Bedtime, Mean (SD)* −0.92 (1.06) −0.94 (1.04) −0.47 (1.24)

 Average for the day, Mean (SD)* −0.75 (0.84) −0.76 (0.83) −0.46 (0.91)

Cortisol (nmol/L)
+

 Wake, Mean (SD) 20.39 (16.43) 20.09 (16.01) 25.09 (21.66)

 +45 minutes, Mean (SD) 25.65 (15.80) 25.60 (15.61) 24.89 (15.89)

 + 2.5 hours, Mean (SD) 15.05 (12.38) 14.78 (11.63) 18.71 (19.07)

 + 8 hours, Mean (SD) 10.46 (11.99) 10.32 (11.81) 13.39 (15.27)

 + 12 hours, Mean (SD) 7.02 (8.63) 6.78 (7.65) 12.18 (20.11)

 Bedtime, Mean (SD) 7.49 (11.13) 7.39 (10.98) 9.55 (14.07)

 Average for the day, Mean (SD) 14.56 (9.22) 14.33 (8.64) 17.38 (12.35)

Note:

*
p ≤ .05, significant differences between high and low financially strained participants.

+
analyses with cortisol as outcome for t-tests used natural log transformed cortisol.
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