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Objective: Low socioeconomic status (SES) is associated with increased psychosocial stress among low-income persons, which could contribute to differences in activity of the HPA axis (assessed by diurnal cortisol profiles). The current
article investigates associations of SES from different developmental stages with cortisol profiles.
Methods: Using data from a large, socioeconomically diverse birth cohort (N 5 1,490) in Cebu, Philippines, the current study compares the relative and joint contributions of SES from five developmental periods, between the prenatal/
birth period and early adulthood, to adult cortisol, and examines the effects of chronic exposure to low SES.
Results: Chronically low SES from infancy through early adulthood predicts the highest bedtime cortisol levels, lowest cortisol awakening responses (CARs), lowest total cortisol levels across the day (area under curve or AUC), and the
flattest cortisol rhythms between wake up and bedtime, a profile associated with poorer health. Results indicate that
cumulative economic strain (between the prenatal period and early adulthood) predicts flatter cortisol rhythms more
consistently than SES from any particular period.
Conclusion: Interventions focusing on the psychosocial stressors associated with economic deprivation during any
period from infancy to adulthood may be helpful, but targeting interventions across multiple periods may have the greatest impact. Interventions aimed at improving economic conditions between infancy and early adulthood may have impliC 2015 Wiley Periodicals, Inc.
V
cations for long-term changes in HPA axis functioning. Am. J. Hum. Biol. 00:000–000, 2015.

Prolonged exposure to various forms of psychosocial
stress has been found to be associated with altered activity of the hypothalamic pituitary adrenal (HPA) axis and
its end-product, cortisol (Adam and Gunnar, 2001; Gunnar and Vazquez, 2001; Saxbe et al., 2008; Yehuda et al.,
2005). Although periodic HPA system activation in
response to stress helps individuals to cope with acute,
time-limited stressors (Dickerson and Kemeny, 2004), frequent or chronic activation of the HPA axis is thought to
be associated with adverse physical and mental health
conditions (Chrousos and Gold, 1992; McEwen, 1998; Sapolsky et al., 2000).
One alteration of the HPA axis that appears to be associated with stress exposure and with chronic psychosocial
stress in particular is a flattening of the basal/diurnal cortisol rhythm across the day (Adam and Kumari, 2009).
Cortisol typically follows a strong diurnal rhythm in
which levels are high upon waking, increase to a peak
about 30 min postawakening (the cortisol awakening
response, or CAR), and then decline across the day
(Kirschbaum and Hellhammer, 1989; Pruessner et al.,
1997). Flatter cortisol slopes across the waking day have
been associated with many types of psychosocial stress
exposure in children (Gunnar and Vazquez, 2001) and
adults (Adam and Gunnar, 2001; Saxbe et al., 2008;
Yehuda et al., 2005). Not surprisingly, lower socioeconomic status (SES) and financial hardship, pervasive
sources of stress, are also associated with flatter diurnal
cortisol slopes (slower rates of cortisol decline) across the
waking day, due to either lower wake up or higher bedtime cortisol levels (Cohen et al., 2006b; Hajat et al., 2010;
Kumari et al., 2010; Ranjit et al., 2005). Flatter cortisol
rhythms are also associated with numerous adverse physical and mental health outcomes (Bower et al., 2005;
C 2015 Wiley Periodicals, Inc.
V

Holt-Lunstad, and Steffen, 2007; Matthews et al., 2006;
Rosmond and Bjorntorp, 2000; Sephton et al., 2000) in
adults, as well as increased risk of depression in youth
(Goodyer, 1996). Consequently, higher levels of psychosocial stress among low-income persons, and the effects of
psychosocial stress on the hypothalamic-pituitary-adrenal
(HPA) axis specifically, have been proposed as a potential
pathway by which low socioeconomic status leads to problematic mental and physical health outcomes (Cohen
et al., 2006a; Grzywacz et al., 2004; Hajat et al., 2010;
Kumari et al., 2010; Li et al., 2007; Lupien et al., 2000,
2001; Turner and Avison, 2003).
Many early studies linking SES to HPA axis activity
were cross-sectional or focused on average levels of
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cortisol at specific times of day (Lupien et al., 2000, 2001),
average total daily cortisol output (Cohen et al., 2006a), or
stress system reactivity and/or cortisol awakening
responses (Wright and Steptoe, 2005). These studies have
provided inconsistent results (Lupien et al., 2000; Dowd
et al., 2011). In one of the few longitudinal studies of SEScortisol associations, researchers found that SES differences in morning cortisol levels that were apparent during
childhood were no longer significant in adolescence
(Lupien et al., 2001). Prior research on SES in relation to
cortisol slopes across the waking day has provided more
consistent results, indicating that lower SES and/or
greater material hardship are associated with flatter diurnal cortisol declines in multiple studies of middle age and
older adults (Cohen et al., 2006a; Kumari et al., 2010;
Hajat et al., 2010; Ranjit et al., 2005). However, to date,
this parameter has not been examined in adolescents or
emerging adults.
Research on SES and health has revealed that the
chronicity of economic disadvantage across the life course,
and low childhood SES in particular, predicts poor adult
health independent of current SES (Chen et al., 2007;
Galobardes et al., 2004; O’Rand and Hamil-Luker, 2005;
Singh-Manoux et al., 2004). As a result, researchers have
begun to question the importance of the chronicity and
developmental timing of exposure to low SES, including
the question of whether there are specific sensitive or critical periods during which the effects of SES on biological
stress systems such as cortisol, and on health, may be particularly acute (Ben-Shlomo and Kuh, 2002). Thus, understanding the role of SES exposures during specific
developmental periods, as well as chronic exposure to low
SES, and how they impact HPA activity is an important
and understudied issue in health disparities research.
Developmental timing
Early environmental influences, beginning during the
prenatal period, are known predictors of adult health
(Barker, 1998; Barker and Osmond, 1986; Kajantie,
2006). Altered activation of the HPA axis has been implicated as one potential mediator of the robust associations
between low birth weight and adult health (Kajantie
et al., 2007; Kajantie, 2006; Phillips et al., 2000). In particular, animal-based research indicates that exposure to
prenatal stress, and maternal physiological stress system
activation during pregnancy specifically, has implications
for the fetus’s intrauterine growth and HPA axis programming. The fetal/neonatal and even infant HPA axis may
be particularly sensitive to environmental cues, as it still
in the process of being set-up or “programmed” (Kapoor
et al., 2006; Murphy et al., 2006). Evidence from human
studies has shown influences of prenatal maternal stress
on the HPA axis during infancy and later periods (Essex
et al., 2002; Glover et al., 2010; Halligan et al., 2004).
On the other hand, stressors occurring during later
developmental periods also predict cortisol rhythms. In
particular, exposure to negative life events, chronic stress,
loneliness, and trauma have been associated with flatter
cortisol slopes across the day in children (Gunnar and
Vazquez, 2001; Heim et al., 2004), adolescents (Doane and
Adam, 2010; Doane et al., in press), and adults (Adam and
Gunnar, 2001; Saxbe, et al., 2008; Yehuda et al., 2005).
Because associations between SES and cortisol in
humans have primarily examined concurrent SES, the
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extent to which the developmental timing and chronicity
of socioeconomic deprivation influence HPA axis activity
remains unclear. The sole longitudinal developmental
study of the associations between childhood SES and
basal cortisol activity in adulthood (Li et al., 2007) used
the very broad groupings of “childhood” (0–16 years old)
and “adulthood,” (23–42 years old) which did not allow
identification of more specific “sensitive periods” during
which associations between SES and HPA axis activity
may be particularly strong. They also assessed childhood
SES based solely on paternal occupational status and only
examined cortisol changes between 45 min and 3 h 25 min
postawakening, rather than assessing the diurnal cortisol
decline across the full waking day. To our knowledge,
there have been no prior studies linking prenatal SES to
cortisol slopes across the full waking day in adulthood. In
addition, prior studies have not accounted for potential
confounding influences of cortisol slopes such as birth
weight and gestational age at birth. A detailed examination of the developmental timing of SES during more specific, narrowly defined periods, including the prenatal
period, may therefore improve our understanding of the
relative contributions of SES during different developmental periods to adult cortisol activity.
To clarify the relative importance of developmental timing and the chronicity of economic strain, the current
study analyzes data from a large population-based, longitudinal cohort study that has consistent repeated measurements of socioeconomic indicators between the
prenatal period and young adulthood, and diurnal cortisol
rhythms measured in young adulthood. The primary goal
is to identify the developmental origins of altered cortisol
rhythms and assess the relative contributions of SES during various developmental periods (from gestation to early
adulthood), and to examine gender differences in these
associations. We also investigate whether cumulative economic deprivation (i.e., summing the number of developmental periods an individual is below the median SES)
predicts HPA functioning more strongly than does SES
from individual periods. Because of the extensive literature on the importance of the prenatal and early postnatal
periods (Gunnar and Vazquez, 2001; Kapoor et al., 2006),
as well as the importance of concurrent psychosocial
stress at the time of cortisol measurement for cortisol
activity (Adam et al., 2006), we hypothesized that SES
from these two periods would be most strongly associated
with adult cortisol activity.
MATERIALS AND METHODS
Participants
Participants include young adults (ages 20–22 years) in
the Cebu Longitudinal Health and Nutrition Survey
(CLHNS), a 1-year birth cohort (n 5 3,080 singleton liveborns) delivered from May 1983 to April 1984 in Cebu,
Philippines (Adair et al., 2011). Random clustering methods were employed to select 33 communities (barangays)
from the 243 barangays in the greater Cebu metropolitan
area. During recruitment, all pregnant women identified
in the selected barangays were invited to participate.
Most women who consented were first interviewed during
the 6th or 7th month of pregnancy. Eligibility criteria for
follow-up included residence and delivery of a live singleton in a selected barangay or in any health facility in the
greater Cebu Metropolitan area. Eighty-three percent of
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eligible women consented to and completed prenatal and
birth interviews. Data in the present analyses also avail
of additional follow-up surveys conducted in 1991–1992,
1994, 1999, 2002, 2005, and 2007.
The Philippines is a country that has experienced significant economic development and increased urbanization in the 23 years between the inception of the study
and the time of cortisol collection, making it a highly
interesting site to examine the current research question.
In addition, although the original research team opted to
base the study in the country’s second largest city, the
metropolitan area included nearby rural and suburban
areas (Adair et al., 2011). The country was in 1983, and
continues to be, less economically developed than the
highly industrialized countries where most other studies
of this nature (on SES and cortisol) have been conducted
(e.g., U.S., U.K., and Canada). Levels of low birth weight
and infant mortality, as well as malnutrition and growth
stunting were generally much higher in the Philippines at
the study’s inception, making it a different cultural
and economic setting than the Western industrialized
countries where prior studies of this nature have been
conducted. The current study has relevance for understanding the physiologic pathways linking social environments and adverse health in other societies
undergoing similar transitions, as well as for Asian and
Pacific Island populations more generally. In addition,
because the sample involves a large representative birth
cohort, the full range of income of this country is
included (including both very low and very high SES),
which is an advantage compared with prior most prior
studies, most of which have used convenience samples to
examine associations between SES and cortisol. If results
from the representative birth cohort in a society very different from the U.S. resemble those found in the U.S.
and other Western populations, it would provide some
evidence of the universality of the implications of low
SES for HPA axis functioning.
Analytical sample
The analytic sample comes from wave 19 (2005), which
included 1,912 participants. Of these, 1,788 (94%) provided saliva samples and information on wake and bedtimes, which were used to calculate rate cortisol decline
(cortisol slope) from waking to bedtime. Excluding participants in the third trimester of pregnancy (Mastorakos,
2000) and those with highly atypical sleep patterns (Hennig et al., 1998), due to evidence that these factors dramatically alter HPA axis activity, resulted in an analytical
sample of 1490 participants (676 women and 814 men:
78% of participants in this wave). Oral contraceptive use
was also included as a covariate in all analyses. No participants in the remaining analytical sample reported using
corticosteroid-based medications, which was our final
exclusion criterion.

Socioeconomic status (SES). SES is measured in the
study as a combination of income, education, and assets.
Participants reported their annual income from all sources, including in-kind services, and the sale of livestock
or other products created by household members during
the prior year, which were summed to determine total
household income. Incomes were deflated to 1983 levels,

and logarithmically-transformed. Both maternal and
paternal education (in years) were also reported. Participants also reported on nine assets, (coded 0, 1) and were
selected to capture population-relevant aspects of social
class, including electricity, televisions, refrigerators, air
conditioners, tape recorder, electric fans, jeepneys, cars,
and their residence. In addition, house construction type
(i.e., light, mixed, permanent structure) was coded as 0,
1, and 2, respectively. Thus, asset scores ranged from 0 to
11. Additionally, participants were asked whether they
resided with their parents, parents-in-law, or other
adults, or whether they resided alone or with a spouse in
the absence of other adults. Residing alone or with a
spouse was also included as a covariate. The income during adulthood represents the household income, including parental income for participants who continued to
reside with them.
Correlations between the various SES components
(income in pesos, number of assets, and average of both
parents’ education levels) within each wave ranged from r
5 0.49 to r 5 0.59 (P < 0.01). For both genders, SEScortisol associations were stronger for the composite SES
measure than for any single component. Thus, SES is represented in analyses by a composite variable that included
standardized household income, total assets, and average
parental education (Chronbach a range 5 0.64–0.74; mean
a 5 0.70) for the various developmental periods. All SES
components were identical at each wave, and individual
components (income, assets, and education) were standardized before being averaged at each wave.

Developmental periods. SES indicators from multiple
waves were grouped together by developmental stage.
Because birth data (collected within 6 days postpartum)
were highly correlated (r 5 0.95) with prenatal SES data,
they were averaged together to represent “prenatal/birth”
SES. Toddler SES was calculated from 1986 data (2-year
postpartum follow-up); middle childhood SES was represented by the average of 1991 and 1994 measures (ages 8–
11); adolescent SES was calculated as the average of 1998
and 2002 data (ages 14–19); and early adulthood SES was
represented by 2005 data (ages 22–23), concurrent with
saliva sampling.
Cortisol analyses
Participants provided three saliva samples in the 19th
wave of data collection (2005). The first was collected at
bedtime, then upon awakening the next morning, and 30
min after waking. This protocol allowed us to capture
both morning and evening cortisol levels in a compact
amount of time; we believe any error (or additional state
variation) introduced by sampling evening levels on one
day and morning levels on the next day is compensated
for by the large sample size (close to 1,500 participants)
associated with this study (Adam and Kumari, 2009). Participants were instructed to provide the first saliva sample
in a tube that was pre-labeled “sample 1” right before
going to bed on the first night. They were further
instructed to keep the other two empty tubes in the Ziploc
bag beside their bed to more easily facilitate providing the
second saliva sample in the tube prelabeled “sample 2”
immediately upon waking. They were also given timers to
set at this time for 30 min later, at which time they were
American Journal of Human Biology
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TABLE 1. CLHNS Demographic characteristics: Waves 1–19

Socioeconomic status (SES)
Prenatal income
Toddler income
Middle childhood income
Adolescent income
Early adult income
Father’s education (1983)
Mother’s education (1983)
Reside with parents or other adults
Reside alone or with spouse
Birth outcomes
Preterm births (<37 wk)
Birth weight (g)
Covariates
Gender (male)
Body mass index (BMI)
Wake time
Smoking
Subjective stress (2005)
Use oral contraceptives
Dependent variables
Cortisol % decline/h
Area under the curve (nmol/l)
Cortisol awakening response (nmol/l)
Wakeup cortisol (nmol/l)
Wakeup 1 30 min Cortisol (nmol/l)
Bedtime Cortisol (nmol/l)

Mean or %

SD

Min

Max

280.23
237.53
442.78
635.65
601.95
7.72
7.47
87%
13%

486.43
487.74
359.23
3,142.24
1,337.92
3.93
3.69

26.7
0.15
20.45
8.48
26.19
0
0
0
0

9,924.12
19,363.83
6,296.16
12,053.40
40,246.76
18
19
1
1

0
910

1
4,828

15%
3,021
55%
20.69
6:34 AM
3%
2.58
2.9%

3.08
1 h 8 min
0.16
1.22

0
13.93
5:00 AM
0
1
0

1
41.17
11:45 AM
1
5
1

20.10
90.84
1.98
7.52
9.47
2.21

0.07
49.45
4.85
4.22
5.17
2.57

20.29
3.42
217.86
0.21
0.27
0.06

0.12
478.26
29.90
61.01
65.69
22.68

instructed to provide the third sample in the third empty
tube for “sample 3.” They were further instructed not to
brush their teeth within 30 minutes before providing any
samples. In addition to timers and the empty tubes, participants also were given article diaries in which they
were instructed to record the date and exact time the samples were provided.
Slopes were calculated by subtracting wakeup cortisol
levels from bedtime levels and dividing by the estimated
length of the waking day using data from both days of
saliva sampling. That is, an hourly rate of cortisol decline
from morning levels to evening levels was calculated,
with steeper slopes reflected by a larger, more negative
rate of decline, and flatter slopes associated with a
smaller negative decline or an increase in cortisol from
morning to evening levels. Total cortisol output was determined by calculating the total “area under the curve”
(AUC) with respect to ground in nmol/l from across the
waking day, using the polygon method (Pruessner et al.,
2003). The length of the waking day was estimated by
subtracting the number of hours asleep from 24. The cortisol awakening response (CAR) was calculated by subtracting the wake up cortisol levels from the levels 30 min
later, and then standardizing these values. All cortisol
values were logarithmically transformed to correct strong
positive skews, and measures were standardized such
that effect sizes could be easily compared across different
cortisol measures.
Saliva samples were shipped on dry ice to a laboratory
at Northwestern University, and were stored frozen at
280! C before having the supernatant separated and
divided into aliquots. Samples were shipped on dry ice to
Trier, Germany, where they were assayed in duplicate for
cortisol using a time-resolved immunoassay with fluorometric detection (DELFIA) (Dressendorfer et al., 1992).
Intra-assay and inter-assays coefficients of variation
(CVs) average less than 7% and 9.0%, respectively.
American Journal of Human Biology
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Covariates
All analyses included covariates for potentially confounding influences including gestational age at birth,
birth weight, self-reported stress in 2005 (concurrent with
cortisol testing, to ensure that results are not attributable
to current, rather than past stress), and body mass index
in 2005. Gestational age was calculated based on the
mother’s last menstrual period prior to the birth of the
child. Under certain conditions, including reportedly premature birth or low birth weight (<2,500 g), the Ballard
method was used to assess gestational age (Ballard et al.,
1979). Birth weights (in grams) were recorded based on
reports from birth helpers affiliated with the study or
from hospital records. Subjective stress ratings in 2005
were assessed by asking participants to rate their levels
of stress for the prior year on a scale of 1 to 5. To ensure
cultural appropriateness, all stress related questions were
pilot tested and refined in focus groups. All analyses
covaried time of waking (Kudielka and Kirschbaum,
2003) and smoking within 30 min before providing the
sample (Badrick et al., 2007). Time of waking and times
that samples were provided were recorded by participants
in diaries that they were given, along with instructions
for saliva collection. Smoking status was determined by
self-report, and participants had been advised not to
smoke within 30 min of providing samples. Those who
reported smoking during this time were distinguished
from those who did not smoke using a dichotomous categorical variable. We also included use of oral contraceptives as a covariate.
Analytical plan. We conducted the following set of analyses using OLS regression: (a) associations between SES
and cortisol for each developmental period (prenatal/
birth, toddler, middle childhood, adolescent, and adult) in
separate models; (b) average SES from across all five
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TABLE 2. Correlations between psychosocial variables and cortisol activity
Wakeup cortisol

Wake up 1 30 mins

Bedtime cortisol

Slope

CAR

AUC

0.49**
0.17**
20.40**
0.47**
0.41**
0.06*
0.02
20.14**
20.01
20.02
20.02
20.02
20.01
0.01
20.00
20.00
20.01
0.00
0.06*
20.051
20.19**
20.08**
0.04

0.12**
20.13**
0.54**
0.79**
0.01
0.01
20.09**
0.04
0.04
0.04
0.04
0.06*
20.02
0.00
20.05*
0.051
20.08**
0.04
20.051
20.19**
20.051
20.01

0.82**
0.04
0.48**
20.05*
0.00
0.04
20.10**
20.10**
20.11**
20.12**
20.09**
0.10**
0.03
20.01
20.11**
20.06*
0.02
20.09**
20.01
0.04
20.05

0.25*
0.25**
20.08**
20.01
0.10**
20.07**
20.06*
20.07**
20.07**
20.05*
0.07**
0.03
20.00
20.08**
20.06*
20.01
20.051
0.05*
0.07**
20.08**

0.40**
20.04
20.04
0.04
0.051
0.051
0.051
0.06*
0.06*
20.03
0.00
20.051
20.06*
20.08**
20.02
20.00
20.00
0.03
20.051

20.00
20.00
20.06*
20.02
0.02
0.01
0.02
0.05*
20.02
0.03
20.06*
0.04
20.10**
0.07**
20.051
20.20**
20.051
20.041

Wake up 1 30 mins cortisol
Bedtime cortisol
Cortisol slope
Cortisol awakening Resp
Cortisol AUC
Full-term birth
Birth weight
Male
Prenatal SES composite
Toddler SES composite
Middle childhood SES composite
Adolescent SES composite
Adult SES composite
SES low early-low late
SES low early-high late
SES high early-low late
SES high early-high late
Live alone
Stress rating (2005)
BMI
Wake time
Smoking
Oral contraceptives
Note: 1p < 0.10; *p < 0.05; **p < 0.01.

periods (c) analyses of SES from all five periods simultaneously; (d) cumulative economic deprivation across all
five periods (number of periods a participant was below
the median SES); and (e) comparison of those who experience lower SES in early life (prenatal-middle childhood)
and low SES later in life (adolescence through early adulthood) with those who experienced low SES in early life
and higher SES later, those who experienced high SES in
early life and lower SES later; and those who experienced
high SES in early life and later. Because associations of
HPA axis activity with SES and prenatal environments
have been found to vary by gender (Kapoor et al., 2006; Li
et al., 2007), and research on associations of prenatal
environments with other biologic outcomes in this cohort
have been found to differ by gender (Kuzawa and Adair,
2003), we tested for gender-SES interactions in analyses.
RESULTS
Participants in the study reflected a broad range of socioeconomic backgrounds (Table 1). Parental education
ranged from zero to 19 years (means 5 7.5 years and 7.7
years for mothers and fathers, respectively), throughout
the course of the study. Although there was moderate to
strong stability in levels of home ownership and housing
quality, there were marked increases in the number of
assets and deflated (to 1983 pesos) household income
across the 22 years of the study, indicating a general shift
upward in real income across the study period. Approximately 13% of participants were living alone and/or with
spouses at this time. Average levels and distributions of
covariates are summarized in Table 1.
Correlations
Simple correlations between cortisol parameters and
covariates are presented in Table 2. SES was inversely
correlated with slopes (r 5 20.06 to r 5 20.08, all P values
<0.05), although the effect size was small. This was
attributable primarily to associations with bedtime,
rather than wake up cortisol levels. Adolescent and adult

SES were also correlated with CAR (r 5 20.06, P < 0.05);
and only adult SES was correlated with AUC (r 5 20.06,
P < 0.05),
Regression analyses
Cortisol slopes. SES was significantly inversely associated with cortisol declines, i.e., those persons with higher
levels of SES had more negative (steeper) hourly rates of
decline from morning to bedtime, during every developmental period (Table 3). Changes in cortisol slopes associated with each 1 SD increase in SES ranged from
b 5 20.08 SD (1% steeper per hour) (P < 0.01) during the
toddler period to b 5 20.10 SD (P < 0.01) for SES during
the adolescent period. Note that because diurnal rhythms
are typically negative, with cortisol levels decreasing
across the waking day, negative coefficients represent a
relatively steeper rhythm, consistent with a healthier profile. Each 1 SD increase in average SES was associated
with a 20.10 SD (1% steeper per hour) (P < 0.01) steeper
slope. When we entered SES from all five periods simultaneously into one model to determine whether any particular periods independently predict cortisol rhythms,
controlling for the others, we found that no one particular
period predicted cortisol slopes, independent of the other
SES measures when analyzed simultaneously (Table 3).
Next, we investigated whether the chronicity of economic deprivation (i.e., number of periods below the
median SES) or the direction of one’s SES trajectory
(upward, downward, consistently high, and consistently
low) better predicted cortisol slopes than did SES during
the individual periods (Table 3). Those in the lower half of
the SES distribution during four or five developmental
periods had cortisol slopes that were 0.21 SD flatter
(P < 0.01), relative to those who spent zero or one period
in the lower half of the SES distribution. Analyses of SES
trajectories were similar in that those who were consistently below the median SES had 0.21 SD (1.5% per hour)
flatter slopes (P < 0.01) than those who were consistently
above, but there were no significant differences between
those who experienced either upward or downward
American Journal of Human Biology
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20.14**
(0.05)
20.22*
(0.07)
0.01
(0.06)
20.16*
(0.08)
20.01
(0.03)
20.02**
(0.01)
0.281
(0.16)
0.05*
(0.02)
20.55*
(0.23)
20.07
(0.24)
0.03
1,490

20.09**
(0.03)
20.08**
(0.03)
20.09**
(0.03)
20.10**
(0.03)
20.09**
(0.03)
20.10**
(0.03)

20.15**
(0.05)
20.21*
(0.07)
0.02
(0.06)
20.12
(0.08)
0.00
(0.03)
20.02**
(0.01)
0.291
(0.16)
0.05*
(0.02)
20.54*
(0.24)
20.11
(0.25)
0.03
1,490

20.06
(0.06)
0.03
(0.07)
20.02
(0.08)
20.07
(0.08)
0.02
(0.06)

(2) All periods
simultaneously

0.06
(0.07)
0.21**
(0.06)
20.04
(0.10)
20.12
(0.10)
20.21**
(0.06)
20.14**
(0.05)
20.22*
(0.07)
0.01
(0.06)
20.131
(0.08)
0.00
(0.03)
20.02**
(0.01)
0.281
(0.16)
0.05*
(0.02)
20.54*
(0.23)
20.19
(0.25)
0.03
1,490

(3) No. periods low
SES and trajectories

20.05
(0.05)
20.12
(0.08)
20.07
(0.06)
20.161
(0.08)
20.02
(0.03)
20.00
(0.01)
0.12
(0.16)
20.02
(0.02)
20.31
(0.24)
0.52
(0.25)
0.01
1,461

0.051
(0.03)
0.051
(0.03)
0.051
(0.03)
0.06*
(0.03)
0.061
(0.03)
0.061
(0.03)

(4) Individual
periods

20.04
(0.06)
20.12
(0.08)
20.08
(0.06)
20.17*
(0.08)
20.02
(0.03)
20.00
(0.01)
0.12
(0.16)
20.02
(0.02)
20.31
(0.24)
0.52
(0.25)
0.01
1,461

20.01
(0.07)
0.01
(0.07)
20.02
(0.08)
0.05
(0.08)
0.02
(0.07)

(5) All periods
simultaneously

20.15*
(0.08)
20.09
(0.06)
0.01
(0.10)
20.12
(0.10)
0.10
(0.06)
20.04
(0.05)
20.11
(0.08)
20.07
(0.06)
20.18*
(0.08)
20.02
(0.03)
20.00
(0.01)
0.12
(0.16)
20.02
(0.02)
20.31
(0.24)
0.56
(0.25)
0.01
1,461

(6) No. Periods
low SES and
trajectories

Cortisol awakening response (CAR)

0.14**
(0.05)
20.06
(0.07)
0.03
(0.06)
20.29**
(0.08)
0.06*
(0.03)
20.021
(0.01)
20.13
(0.16)
20.20*
(0.02)
20.30
(0.23)
1.27*
(0.25)
0.07
1,461

0.051
(0.03)
0.051
(0.03)
0.051
(0.03)
0.051
(0.03)
0.08*
(0.03)
0.06*
(0.03)

(7) Individual
periods

0.13**
(0.05)
20.06
(0.07)
0.03
(0.06)
20.28**
(0.08)
0.07*
(0.03)
20.021
(0.01)
20.13
(0.16)
20.20*
(0.02)
20.30
(0.23)
1.25*
(0.25)
0.07
1,461

20.00
(0.06)
0.03
(0.07)
20.04
(0.08)
20.05
(0.08)
0.131
(0.07)

(8) All periods
simultaneously

20.10
(0.07)
20.08
(0.06)
0.14
(0.10)
20.11
(0.10)
0.12*
(0.06)
0.14**
(0.05)
20.05
(0.07)
0.03
(0.06)
20.33**
(0.08)
0.07*
(0.03)
20.011
(0.01)
20.14
(0.16)
20.19*
(0.02)
20.30
(0.23)
1.27*
(0.25)
0.07
1,461

(9) No. periods
low SES
and trajectories

Area under the curve (AUC)

Coefficients for each of the SES variables in models 1, 4, and 7 represent associations of SES and cortisol for each individual developmental period when entered separately in five different models. Coefficients for the
covariates in models 1, 4, and 7 indicate associations of covariates with cortisol for models in which current adult SES is analyzed, but these values did not differ substantially from coefficients when SES for the other
developmental periods were entered individually. In models 2, 5, and 8, SES from all developmental periods were entered simultaneously in one model.
All cortisol values are logarithmically-transformed. 1P < 0.10; *P < 0.05; **P < 0.01.
Reference group for number of periods in the lower half of SES distribution is 0 or 1. Reference group for preterm birth is term birth (37 weeks). Reference category for models on SES trajectories is low SES in early life
and low SES in later life. Standard errors are noted in parentheses below the coefficients to which they correspond.

R2
N

Constant

Oral contraceptives

Wakeup time

Smoking

Body mass index

Concurrent Stress

Live alone/spouse

Birth weight

Term birth (37 wks)

Male

SES high early-high late

SES high early-low late

SES low early-high late

4–5 Periods low SES

2–3 Periods low SES

Average

Adulthood

Adolescence

Mid childhood

Toddler

Developmental period
Prenatal

(1) Individual
periods

Cortisol slope

TABLE 3. Associations of cortisol slopes, cortisol awakening response, and cortisol area under the curve, with SES
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trajectories, as compared with either of the two extreme
groups or to one another.
Also of note, females had cortisol slopes that were 0.15
SD steeper, relative to males, in general. Individuals who
were born at term (at least 37 weeks gestation) also had
cortisol slopes that were 20.21 SD to 20.22 SD steeper,
compared with those born preterm. In addition, higher
body mass index (BMI) was associated with steeper cortisol slopes (20.02 SD steeper) (P < 0.01).
Cortisol awakening response. When we investigated
associations between SES and the cortisol awakening
response (CAR), we found that when SES from each developmental period is entered into separate models, higher
adolescent SES was significantly associated with higher
CARs (Table 3). Coefficients ranged from b 5 0.05 or 3%
higher (P > 0.05) for SES during the prenatal period to
b 5 0.08 SD or 4% higher (P < 0.05) during adolescence.
When SES periods were entered simultaneously in one
model, cortisol was not associated with SES for any of one
particular period, controlling for SES during other periods. Each 1 SD increase in average SES was marginally
associated with a 0.06 SD (4%) higher CAR (P < 0.10).
The analyses of chronicity of economic deprivation and
CARs found that those who were below the median SES
for two to three of the five developmental periods had
CARs that were 0.1 SD (9%) lower (P < 0.05); while those
who consistently remained below the median SES (4 or 5
periods) did not differ significantly from those who were
consistently in the upper SES distribution (i.e., zero or
one period low-SES).
Area under curve. Higher levels of SES from each period
were associated with marginal increases in total cortisol
output (AUC) across the waking day for each developmental period when examined separately (Table 3). Associations between cortisol AUC and each 1 SD increase in
SES from each period ranged from 0.05 SD (2.4 nmol/l)
(P < 0.10) higher for SES during the prenatal period to
0.08 SD (3.7 nmol/l) higher AUC (P < 0.01) associated
with SES in adulthood. Those with chronically high SES
(early and later life) had AUCs that were 0.12 SD higher
(P < 0.05), compared with those who experienced low SES
in early and later life. Finally, those with later wake up
times also had lower AUC on average.
Individual cortisol values. Finally, when associations
between SES and cortisol values upon awakening and at
bedtime were analyzed, higher SES was significantly
associated with lower cortisol levels at bedtime, but was
not associated with wakeup cortisol levels. Bedtime cortisol levels were inversely associated with SES; each 1 SD
increase in SES across the five developmental periods was
associated with bedtime cortisol levels that ranged from
20.11 SD (P < 0.01) (prenatal SES) to 20.14 SD lower
(P < 0.01) (adolescent SES) (not shown). One SD lower
average SES from across the five periods was associated
with 20.14 SD (P < 0.01) lower bedtime cortisol levels.
When SES from each time period was examined in the
model simultaneously, no particular developmental period
was more strongly associated with bedtime cortisol levels,
relative to other developmental periods. Analyses of the

chronicity of economic deprivation (i.e., number of periods
in which a person was below the median SES level)
revealed that people who were below the median SES for
four or five periods had bedtime cortisol levels that were
0.28 SD higher (P < 0.01) than those who were below the
median SES level for 0 or 1 period. Those of lower SES
during early life and adulthood had bedtime cortisol levels
that were 0.27 SD higher (P < 0.01), as compared with
those of higher SES during both early and later life. Those
who experienced either upward or downward shifts in
SES between early and later life did not differ significantly from one another or from the chronically low or
chronically high SES groups. Higher BMI and being born
at term (at least 37 weeks gestation) also predicted significantly lower bedtime cortisol levels. Wakeup cortisol levels were not significantly associated with SES from any of
the developmental periods, when examined individually
or simultaneously (not shown).
We also investigated whether associations between cortisol and SES from different developmental periods differed according to gender by testing gender-SES
interactions for all cortisol parameters, and found that
interactions were not statistically significant.
DISCUSSION
We found consistent significant associations of higher
SES with steeper diurnal cortisol slopes and lower bedtime cortisol levels, indicating a healthier profile overall.
Additionally, higher SES in adulthood, and high average
SES from infancy to adulthood were also associated with
greater area under the curve (AUC), although SES during
earlier individual periods was not related to adult cortisol.
Those of higher SES during both early and later life had
higher AUCs than those of lower SES across early and
later life. CARs were positively associated with adolescent
SES, but none of the other developmental periods. Those
who experienced consistently (41 periods) high SES had
lower CARs than those who experienced two or three periods below the median. In addition, there were no significant differences in wakeup cortisol levels by SES in the
current study, which was somewhat unexpected (Hajat
et al., 2010), although null findings have been found previously (Cohen et al., 2006b; Kumari et al., 2010).
Associations between chronic socioeconomic deprivation
(i.e., the number of periods below the median SES) and
cortisol were generally greater than associations between
cortisol and either average SES or SES from individual
periods. Overall, there was no one particular developmental period that was more strongly related to adult cortisol
than the others. Hence, our original hypothesis (that early
childhood and current SES would be more strongly associated than intermediate periods) was not borne out by the
data. Although it was unsurprising that cumulative disadvantage was related to current cortisol, it is surprising
that neither early life nor concurrent SES were more
strongly associated with adult cortisol, with the exception
of adult SES and AUC. Thus, the cortisol-SES associations for individual developmental stages may be largely
attributable to shared SES variance over time.
Flatter slopes have been associated with a number of
adverse metabolic and cardiovascular health conditions,
as well as depression and PTSD (Heim et al., 2004;
Yehuda et al., 2005). On the other hand, research on associations of CARs and AUCs with health has been
American Journal of Human Biology
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equivocal. Higher AUCs are related to depression (Heim
et al., 2004); while lower AUCs are related to chronic
fatigue syndrome (Bower et al., 2005) and PTSD (Yehuda
et al., 2005).
As mentioned, we tested whether associations between
SES and gender differed significantly according to gender
but found that interactions were not significant. Because
prior studies of gender differences in associations between
SES and cortisol have presented stratified results, comparisons with such studies are not entirely straightforward. These results are in contrast with Li et al. (2007),
who found that adult SES mediated associations between
childhood SES and male cortisol. They also found that
SES in adulthood, but not childhood/adolescent SES, significantly predicted female cortisol declines. However, Li
et al. (2007) analyzed two more broadly defined developmental periods (childhood: 0–16 years old versus adulthood: 23–42 years old), assessed SES based only on
paternal occupation, and did not include data on birth
outcomes or distinguish between prenatal and postnatal
periods. Moreover, cortisol declines in those analyses were
measured only between 45 min and 3 h 45 min postawakening, rather than across the entire day. Regardless, the
current results replicate the few other studies to examine
associations of SES with cortisol slopes (Cohen et al.,
2006b; Hajat et al., 2010; Kumari et al., 2010), identifying
significant associations between higher SES and steeper
cortisol slopes, and finding that lower SES was associated
with higher bedtime cortisol associations (Cohen et al.,
2006b). It is difficult to directly compare effect sizes with
prior studies. Cohen et al. (2006) present separate associations of education and income, with income divided into
three categories, whereas Hajat et al. (2011) present an 9point wealth index and divide the decline into early
decline (30–120 min postawakening) and late decline (2–
16 h postawakening). Finally, Kumari et al. (2011) found
that British civil servants in the lowest grade had hourly
declines that were 0.125 nmol/l/h versus those in the highest grades (0.125 nmol/l/h) (P 5 0.003 for males). Different
SES measures and methods of calculating slopes make it
challenging to compare effect sizes. However, it is notable
that all studies are in the same direction, and while absolute differences, as well as percent differences seem small,
the clinical relevance of these effect sizes remains unclear.
Contrary to expectations, birth weight was not related
to cortisol parameters in our study. This contrasts with
some prior studies of birth weight-HPA activity associations. One possible source of this discrepancy is the use of
animal models and/or stress reactivity paradigms in past
research, and the fact that most past studies of humans
focused on average cortisol levels from specific times of
day, rather than studying cortisol slopes between wakeup
and bedtime in naturalistic settings and in large community samples (Kapoor et al., 2006).
The current study focused on examining the relative
contributions of SES during several developmental periods in relation to cortisol activity during one specific
developmental period (young adulthood). Associations of
SES with cortisol activity might differ if cortisol had been
measured during a different developmental period. Currently, we cannot determine the specific mechanisms
through which SES may operate to influence cortisol
activity, or the extent to which this may be amenable to
naturally occurring changes later in life or responsive to
intervention. Additional measures of HPA axis activity at
American Journal of Human Biology

each of the developmental periods for which we have SES
data would be an important extension of the current
research.
Current psychosocial stress was associated with higher
AUC, but no other cortisol parameters. The lack of associations with other cortisol parameters may be due to the
fact that the question refers to the entire prior year.
Because the HPA axis is sensitive to daily and other
recent stressors, it may be the case that a question focusing on more recent specific periods would better capture
associations with CAR, slopes, and individual points.
An important limitation of this study is that we did not
include measures of maternal HPA axis activity during
pregnancy or in the participants themselves during childhood or adolescence. Such information would permit
direct examination of whether and how maternal HPA
axis activity relates to birth outcomes, SES, and children’s
postnatal HPA axis functioning, and whether and when
SES becomes “biologically embedded” in the form of cortisol changes.
Additionally, we collected cortisol from only one 24-h
period, with the bedtime sample preceding the wakeup
sample provided the following morning, which is unconventional, but was necessary to maximize efficiency in
this large, representative sample for which home-based
sample refrigeration was not always available. We also
used a single sample to estimate each of wake up, wake
up 130 min, and bedtime cortisol levels. We are nonetheless analyzing data as though waking, 30 min after waking, and bedtime samples were taken over the course of
the same waking day, in order that our measures are
more comparable to past measures of cortisol slopes
across the day.
Finally, we did not assess mood states at the exact times
of saliva sampling or electronically monitor compliance
with sampling protocols. Because momentary- and daylevel changes in emotions and stressors influence cortisol
levels (Adam, 2006), multiple days of data collection
would be preferable. Co-varying state influences on cortisol, and accounting for non-compliance with requested
sample timings on the days of collection may have further
strengthened associations between chronic stressors, such
as low SES, and more stable components of the diurnal
cortisol rhythm.
However, as with most cortisol protocols that assume
that samples on any given day reflect at least some trait,
rather than purely state or day-specific variance, any
deviations from typical sleep patterns or cortisol levels
would likely serve as a source of error that would attenuate our power to detect significant associations between
past SES and cortisol, rather than systematic bias. Furthermore, as part of a large population-based study, errors
in reliability due to this minimized protocol are likely to
be reduced by the large sample size (Adam and Kumari,
2009). Because the study already included an extensive
protocol, and was conducted overseas in a large metropolitan area and many surrounding rural communities, the
research team felt that reduced reliability was a reasonable tradeoff for the large sample size that is a representative one-year birth cohort for the country’s second-largest
city. Moreover, we still found significant associations,
attesting to the robustness of the identified SES-cortisol
associations.
Our large population-based sample, comprehensive
measurement of socioeconomic factors, and nuanced
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measurement of the developmental timing of SES exposures, are unique strengths of the current study. No prior
studies have included such fine-grained measures of SES,
measured as consistently across such a diverse range of
developmental periods in a cohort of this size. Our findings speak to the importance of life course experience of
SES and support the idea that cumulative disadvantage
may be more strongly associated with adult HPA axis
activity than disadvantage during any particular “critical
period.” Notably, chronically low SES is associated with
the greatest flattening of the diurnal cortisol slope, which
in turn has been found to have important implications for
mental and physical health (Heim et al., 2000; Sephton
et al., 2000). Kumari et al. (2011) found that a 1-SD flatter
slope predicted a 1.87 higher hazard risk (HR) of mortality from cardiovascular causes and a 1.3 higher HR of allcause mortality, and higher bedtime cortisol, but not wake
up cortisol or CARs, significantly predicted mortality in
British civil servants. Sephton et al. (2000) divided cancer
patients by median split into flatter and steeper cortisol
slopes. They found 77% of those with flatter rhythms died,
after an average of 3.2 years; while 60% of the patients
with steeper rhythms died, but survived an average of 4.5
years. Matthews et al. (2006) found that in persons with
coronary calcification, cortisol declined approximately 6%
per hour in cortisol over the course of the day, whereas in
those without coronary calcification it declined more than
8% per hour (P 5 0.003).
Despite the challenges involved in estimating the effect
sizes of the increased health risks associated with flatter
cortisol slopes, and variations in sampling protocols and
analytical methods across studies, a growing literature
supports the notion that flatter cortisol rhythms are prospectively related to poorer health. Additional longitudinal research in younger, healthy, population-based
samples would help to more precisely quantify the specific
health risks associated with cortisol slopes of varying
magnitudes. The current findings provide support for the
theory that HPA axis activity may play a role in associations among SES, cumulative economic strain, and adult
health, and offer further evidence that prevention of early
poverty, and in particular chronic poverty across childhood, may be an important measure to consider to
improve public health and developmental outcomes.
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