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Objectives: Previous research suggests that the quality of early family relationships may moderate the
association between lower socioeconomic status (SES) and cardiovascular and other health outcomes. In
this study, we investigated how implicit measures of early childhood environments (implicit anger, fear,
or warmth about one’s family) interacted with early life SES to predict metabolic outcomes in a sample
of healthy adolescents. Method: Adolescents (N � 259) age 13 to 16 participated with 1 parent. Implicit
family affect was measured with a computer-based implicit affect assessment tool. Early life SES was
indexed by home crowding (e.g., number of people per bedroom) during the first 5 years of life.
Metabolic indicators included resting blood pressure, total cholesterol, glycosylated hemoglobin, and
waist circumference. Results: Early life SES significantly interacted with implicit negative family affect
in resting systolic blood pressure and diastolic blood pressure levels, such that among those participants
with higher early life SES, as implicit negative family affect increased, resting blood pressure also
increased. Similarly, early life SES interacted with implicit family warmth to predict total cholesterol
levels, such that among those participants with higher early life SES, as implicit family warmth
decreased, total cholesterol increased. These patterns were not observed with current SES or with explicit
measures of family relationships. Conclusions: These findings provide evidence that implicit family
affect moderates the association between early life SES and adolescent metabolic outcomes in a way that
suggests that implicit family affect may be more relevant among higher SES adolescents. The utility of
implicit psychosocial measures in cardiovascular health studies, particularly for higher SES samples, is
discussed.
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Consistent evidence suggests that low early life socioeconomic
status (SES) is a risk factor for chronic diseases across the life span
(Cohen, Janicki-Deverts, Chen, & Matthews, 2010a; Galobardes,
Lynch, & Davey Smith, 2004; Galobardes, Smith, & Lynch, 2006;
Miller, Chen, & Parker, 2011a). However, not all individuals from
low SES backgrounds experience poor health later in life (Chen &
Miller, 2012), raising questions about factors that might moderate
SES and health relationships (Miller, Chen, & Parker, 2011a). One
important moderating childhood psychosocial factor that is often
raised in the literature is the quality of family relationships (Dodge,
Pettit, & Bates, 1994; Emery & Laumann-Billings, 1998; Pettit,
Bates, & Dodge, 1997). However, many health studies assess early
life family relationships retrospectively via self-reports, which can

raise some questions about the accuracy of these data. In the
present study, we adopt an alternative approach of using an im-
plicit measure of early life family psychosocial environment and
investigate how this measure affects associations between early
life SES and metabolic outcomes in adolescents.

Early Life SES

Children from low early life SES backgrounds are vulnerable to
numerous health problems later in life, including cardiovascular
and respiratory diseases, certain cancers, and arthritis (Blane,
Bartley, & Smith, 1997; Cohen, Janicki-Deverts, Chen, & Mat-
thews, 2010a; Galobardes et al., 2004, 2006; Lawlor, Sterne,
Tynelius, Davey Smith, & Rasmussen, 2006; Miller, Chen, &
Parker, 2011a; Poulton et al., 2002; Power et al., 2007; Power,
Manor, & Matthews, 1999). These individuals also show eleva-
tions in cardiovascular disease risk markers, including systemic
inflammation and clustering of metabolic risk factors (Cohen,
Doyle, Turner, Alper, & Skoner, 2004; Danese et al., 2009; Nazmi,
Oliveira, Horta, Gigante, & Victora, 2010). Low early life SES is
associated with changes across all physiological systems—auto-
nomic, endocrine, and immune (Cohen et al., 2010a; Miller et al.,
2011a). These associations are independent of SES in adulthood
(Kittleson et al., 2006; Kuh, Hardy, Langenberg, Richards, &
Wadsworth, 2002; Nazmi et al., 2010; Poulton et al., 2002),
suggesting that there is something unique about the contribution of
early life SES in terms of effects on health across the life span.
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Moderating Factors

Despite a robust association, many individuals do not fit the
expected patterns of risk given their lower SES, leading research-
ers to investigate whether factors such as psychosocial character-
istics may moderate SES-health associations. More specifically,
when considering effects of early childhood circumstances, family
relationships may play a role in attenuating risk factors for chronic
diseases. For example, supportive family relationships have con-
sistently been found to be a protective factor for disruptions in
children’s stress-related behavioral and biological regulatory sys-
tems (Masten & Shaffer, 2006; Pettit et al., 1997; Repetti, Taylor,
& Seeman, 2002). Maternal warmth and sensitivity can attenuate
stress responses often documented in children who grow up in
lower SES environments (Cicchetti & Blender, 2006; Gunnar &
Quevedo, 2005). Maternal warmth has also been shown to buffer
those with low early life SES from higher allostatic load (Evans,
Kim, Ting, Tesher, & Shannis, 2007), poor metabolic outcomes
(Miller et al., 2011b), and from heightened proinflammatory sig-
naling profiles (Chen, Miller, Kobor, & Cole, 2011), a key patho-
physiological pathway for the development of diseases involving
inflammation during the transition from early childhood to ado-
lescence and adulthood.

Although the majority of the literature on SES-health modera-
tors has pointed to the benefits for low SES, we also note that in
some cases moderating factors have been found to be more rele-
vant among those in higher SES circumstances. For example, the
physiological impact of certain social stressors is more pronounced
for individuals with higher status as they need to prepare for
potential threats to their social standing (Kemeny, 2009). In addi-
tion, our previous study on implicit family affect in adults revealed
that those from higher early life SES backgrounds but had greater
implicit negative family affect had elevated resting blood pressure
(Chan, Chen, Hibbert, Wong, & Miller, 2011). Hence, it is possible
that certain family circumstances may be more relevant among
individuals from higher SES backgrounds. In the present study, we
used an implicit measure of family affect to examine potential
moderating effects of family characteristics on the relationship
between early life SES and metabolic outcomes in healthy adoles-
cents.

Implicit Affect

Many studies in health psychology examining childhood family
conditions have been constrained to using retrospective self-
reports, which can be particularly vulnerable to measurement error
and respondent biases (Hardt & Rutter, 2004; Metts, Sprecher, &
Cupach, 1993). To address this issue—while still acknowledging
the reality that most health research studies will not have life span
longitudinal data available—we developed a behavioral paradigm
to measure affect about one’s early family conditions through
implicit means (Chan et al., 2011). Implicit assessments are com-
monly used in social psychology when researchers wish to exam-
ine socially sensitive attitudes like prejudice (Fazio, Jackson, Dun-
ton, & Williams, 1995; Greenwald, McGhee, & Schwartz, 1998;
Wittenbrink, Judd, & Park, 1997), since the predictive validity of
self-report measures tend to be impaired for socially sensitive
topics compared with implicit measures (Greenwald et al., 2009).
Implicit paradigms tap into automatic processing, capture attitudes
that are expressed when individuals are unable to overtly monitor

and control the influence of their attitudes on subsequent judg-
ments of ambiguous stimuli and thus circumscribes respondent
biases and social desirability motives (Fazio & Olson, 2003;
Gawronski & Bodenhausen, 2006). We applied this paradigm to
capture implicit affect toward early family environments using a
computer paradigm that briefly presented an affective image (i.e.,
early childhood family photos) followed by an ambiguous stimulus
(i.e., splatter paintings). Participants then rated the ambiguous
stimulus on affect dimensions related to family environments (e.g.,
warmth, anger, fear). Attributed affect toward the ambiguous stim-
uli is then interpreted as affect stemming from the affective image
(the childhood family photo). In an earlier study (Chan et al.,
2011), we established the validity of this paradigm; in the present
study, we investigate its ability to moderate the effects of SES on
metabolic outcomes in adolescents.

Present Study

In a previous study, we documented the reliability and validity
of this implicit measure across two samples of healthy adults
(Chan et al., 2011). In the present study, we extend this research by
examining the health implications of implicit family affect dimen-
sions in a larger sample of adolescents. We examine metabolic
outcomes—indicators including high blood pressure, obesity, in-
sulin resistance, and elevated cholesterol—because elevations can
be seen even among healthy adolescence, and these markers pre-
dict risk of developing cardiovascular disease (Lakka et al., 2002;
Morrison, Friedman, & Gray-McGuire, 2007; Ridker, Buring,
Cook, & Rifai, 2003). These indicators have also previously been
linked with both lower early life SES (Danese et al., 2009) and
family relationship buffers (Miller et al., 2011b). The value of
assessing cardiovascular risk factors in childhood has been estab-
lished previously, given that atherosclerotic lesions have been
found even in adolescents and have been shown to increase in
prevalence and extent in the young adult years (Berenson et al.,
1992; Strong et al., 1999). We expected that early life SES would
interact with implicit affect toward early family environments to
predict metabolic outcomes in our sample of healthy adolescents.
Some studies (Chen et al., 2011; Evans et al., 2007; Miller et al.,
2011b) but not all (Chan et al., 2011; Kemeny, 2009) suggest a
buffering role of positive family relationships on risks associated
with lower SES. Thus, we expected that adolescents with lower
early life SES but with positive implicit affect about their early
family environment would have better metabolic outcomes relative
to those adolescents with lower SES but with less positive implicit
family affect. As a second goal, we included a self-report measure
of one’s childhood family environment and ratings of current
relationships to compare the utility of our paradigm with explicit
measures. Prior studies showed that correlations between implicit
and explicit measures tend to vary widely and were especially
weak when examining close relationships, suggesting that incon-
sistency between implicit and explicit measures are relatively
common (Greenwald, Poehlman, Uhlmann, & Banaji, 2009). We
included explicit measures as a covariate in our models, and also
tested whether early life SES would interact with these explicit
measures to predict metabolic outcomes. We expected that ado-
lescents with lower SES but with positive self-reported family
environments and relationships would have better metabolic out-
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comes relative to those adolescents with lower SES and more
negative family environments and relationships.

Method

Participants

Two hundred 59 adolescents were recruited through local public
transportation and newspaper advertisements as well as commu-
nity flyers as part of a larger study examining socioeconomic
status, family life experiences, and cardiovascular disease risk.
Adolescents were fluent in English and in good health, defined as
being free of acute infections the 2 weeks preceding the study and
having no history of chronic medical or psychiatric disorders.
Adolescents ranged in age from 13 to 16 years (M � 14.53, SD �
1.072) and lived with the participating parent (who was inter-
viewed about family SES). Participating parents ranged in age
from 32 to 64 (M � 45.83, SD � 5.50). Fifty-three percent of
adolescents were females, and 75.5% of parents were mothers. The
ethnic breakdown of adolescents was 49.4% European-descent,
followed by 15.3% Chinese-descent, which reflects the demo-
graphics in Vancouver where this study was conducted. The cur-
rent study sample had a median household income in the $50,000–
$74,999 CAD category, which is comparable to the national
median household income in Canada in 2012 of $74,540 CAD
(Statistics Canada, CANSIM, Table 111-0009). However, other
studies that examined family relationship moderators on SES-
health associations have focused on lower SES samples (Evans et
al., 2007; Chen et al., 2011), while the present study sample ranges
across the SES spectrum. See Table 1 for demographic character-
istics of the sample.

Measures

Implicit affect. We used a previously validated affect attribu-
tion paradigm to capture adolescents’ implicit affect toward their
early family environment (Chan et al., 2011). Participants were
asked to bring two personal photographs containing an image of
them age 0–5 with at least one primary caregiver. This age range
was selected based on previous research pointing to a potential
sensitive period that impacts health later in life (Cohen et al., 2004;
Miller & Chen, 2007).

In this computerized implicit affect task, participants completed
trials in which they were first shown either their family photograph
or a control image with a neutral face (previously selected from a
database of established neutral expression images; see Chan et al.,
2011) for 75 ms. Following this image and a 125-ms blank screen,
a splatter painting that had been randomly selected from a standard
pool of neutral splatter paintings was shown for 100 ms. The
splatter painting was then replaced by a black-and-white masking
screen, and the adolescent was asked to indicate whether the
splatter painting conveyed a target affect (either anger, fear,
warmth, to which they replied yes or no). The trials varied in terms
of the prime that was used (three possibilities: one of two family
photographs or a control image) and the affect rating that was
made (three possibilities: anger, fear, or warmth). There were a
total of eight trials for each combination of prime and rating.
Adolescents completed a total of 72 trials in this paradigm, which
took on average 5 min to complete. Further details of the protocol
and validity can be found in Chan et al. (2011).

Participants rated each splatter painting on three affect dimen-
sions—anger, fear and warmth—because of the relevance of these
emotions to childhood family psychosocial environments. These
three dimensions were computed by summing up the number of
times participants attributed the different emotions toward splatter
paintings following a family photograph and following the control
image. A percentage score was calculated (number of times par-
ticipants endorsed an emotion divided by the number of trials
probing that emotion) per each target affect for family photographs
and for the control image. Implicit affect following the two dif-
ferent family photographs was averaged to obtain one percentage
score per each affect dimension. Implicit affect toward the control
image was subtracted out from implicit affect toward the early
family environment to control for individual differences in the
tendency to endorse the various affect descriptors. Final implicit
affect values range from �1 to 1. Stability coefficients for this
affect attribution paradigm ranged from .46 to .67 for a 6-month
period, which is comparable to other implicit tasks (Cunningham,
Preacher, & Banaji, 2001), and predicts negative psychosocial
profiles in healthy samples of adults (Chan et al., 2011).

Early life SES. Household crowding is a measure of SES that
captures resources and density (Evans & Lepore, 1992) and is
useful when assessing SES retrospectively, as it is more easily
recalled than other dimensions of SES, like family income and
savings, over a lifetime. Hence, it is a commonly used retrospec-
tive measure of early childhood SES (Coggon, Barker, Inskip, &
Wield, 1993). Parents were asked about the number of people
living in their home and the number of bedrooms in their home for
each year of their child’s life. Crowding is computed as a ratio of
the number of people living in the home to the number of bed-
rooms in the home. Higher scores indicate greater crowding in the
home. This crowding ratio was averaged across the first 5 years of
adolescents’ lives to create an early life SES indicator. In this
study, early life crowding was significantly correlated with current
household income (r � �.225, p � .001), current crowding was
significantly correlated with current household income
(r � �.336, p � .001), and early life crowding was significantly
correlated with current crowding (r � .167, p � .007). Household
crowding has been associated with elevated stress responses
(Brunner, 1997) and asthma severity (Weitzman, Gortmaker,
Sobol, & Perrin, 1992).

Table 1
Descriptive Information

Variable Minimum Maximum M SD

Early life crowding
(people/bedroom) .50 7.25 1.53 .67

Risky Families measure 13.00 52.00 23.50 7.08
Resting SBP (mmHg) 80.33 129.67 102.50 9.49
Resting DBP (mmHg) 41.00 96.00 62.22 8.96
Total cholesterol (mmol/L) 2.27 6.45 3.86 .69
HbA1c (mmols/mol) 2.93 9.20 5.32 .40
Waist (cm) 26.00 123.00 76.73 11.82
Implicit anger (%) .00 100.00 27.97 21.52
Implicit fear (%) .00 100.00 26.64 22.37
Implicit warmth (%) .00 100.00 56.85 26.97

Note. SBP � systolic blood pressure; DBP � diastolic blood pressure;
HbA1c � glycosylated hemoglobin.
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Metabolic Outcomes

Blood pressure. Resting blood pressure was recorded with the
VSM-100 BpTRU automatic blood pressure monitor using a stan-
dard occluding cuff on the participant’s nondominant arm. Vali-
dation studies indicate that its measurements are within 10 mmHg
96.4% of the time (Mattu, Heran, & Wright, 2004). Following a
5-min period during which participants acclimated to the device,
blood pressure readings were taken every 2 min over a 6-min
period, totaling three readings that were averaged.

Total cholesterol. Blood samples were collected into EDTA-
containing Vacutainer tubes (Becton-Dickinson, Oakville, On-
tario, Canada) kept at 4° C and centrifuged within 12 hr. Total
cholesterol was measured in a Hitachi 911 instrument (Kyowa
Medex, Japan) in the Clinical Chemistry Lab at St. Paul’s Hospital,
Vancouver, British Columbia by using standard enzymatic color-
imetric techniques with an interassay coefficient of variation of
0.9%. Total cholesterol values are expressed in mmol/L.

Glycosylated hemoglobin. Blood samples collected into
EDTA-containing Vacutainer tubes (Becton-Dickinson, Oakville,
Ontario, Canada). Glycosylated hemoglobin, an index of blood
glucose control over a several month period, was measured with an
ion exchange high-performance liquid chromatography technique
(biorad, DIAMAT) in the Clinical Chemistry Lab and expressed as
mmols/mol.

Waist circumference. As an index of central adiposity, waist
circumference was measured twice using a steel measuring tape at
the midpoint between the upper iliac crest and lower costal margin
at the midaxillary line. Two measurements to the nearest .5 cm
were recorded. The mean of the two closest measurements were
calculated and expressed in cm.

Alternative Explanations

We assessed a number of alternative, competing explanations
for potential interactions between early life SES and adolescents’
implicit affect toward the family and metabolic outcomes. First, to
test whether effects were specific to the early life period, we also
included a measure of current SES to examine interactions of
current SES with implicit affect. Current SES was indexed with the
same crowding measure as early life SES (number of people per
bedrooms in the home).

Second, to test whether effects were specific to an implicit
measure of family environment, we included an explicit self-report
measure of childhood family environment to examine interactions
of early life SES with explicit reports of childhood family envi-
ronments. The 13-item Risky Families (RF) measure is a com-
monly used self-report measure of the quality of the childhood
family environment (Taylor, Lerner, Sage, Lehman, & Seeman,
2004). Respondents were asked to answer questions about their
family life from early childhood. Items such as “How often did a
parent or other adult in the household swear at you, insult you, put
you down, or act in a way that made you feel threatened?” and
“How often would you say you were neglected while you were
growing up, that is, left on your own to fend for yourself?” were
answered on a scale ranging from 1 (not at all) to 5 (very often or
very much). Responses were reverse coded when necessary and
summed, with higher scores indicating a harsher childhood family
environment. The RF measure has been shown to have high

agreement and reliability with clinical interviews conducted and
coded by trained clinical interviews (Taylor et al., 2004).

Third, to test whether effects were specific to early life family
relationships, we also included explicit measures of current inter-
personal relationships to examine interactions of early life SES
with current relationship quality. The quality of family relation-
ships and friendships was measured using the Life Stress Inter-
view, Youth Version (Hammen, 1991; Hammen, Adrian, & Hi-
roto, 1988). This is a semistructured interview that probes
adolescents’ chronic stress across different life domains during the
last 6 months. In this study, we included the domains of family and
friends, which probes for closeness, support, and conflict between
adolescents and their family, and between adolescents and their
peers. In each domain, a trained interviewer asked a series of
open-ended questions and used the gathered information to rate the
level of chronic, ongoing stress. Ratings range from 1 to 5, with
higher numbers indicating more severe and persistent difficulties.
Interrater reliabilities of over .85 have been documented and
different domains of chronic stress captured by the interview have
been shown to predict outcomes like depression (Adrian & Ham-
men, 1993; Rudolph & Hammen, 1999) and inflammatory markers
(Chen, Fisher, Bacharier, & Strunk, 2003).

Procedure

After providing informed written assent from adolescents and
obtaining parental consent, adolescents were seated in a private
room. After a 5-min resting period, blood pressure readings were
then taken by placing the occluding cuff on the upper aspect of
the participant’s nondominant arm with the microphone placed
above an area where the brachial artery could be palpated. Fol-
lowing a series of anthropometric measures, adolescents were
interviewed about their family and peer relationships, and were
then seated at a computer to complete the affect attribution task
and self-report questionnaires about the childhood family environ-
ment described above via MediaLab software, version 2008.1.22
(Jarvis, 2008). Parents answered demographic questions about the
number of bedrooms and people in the home across the child’s
lifetime. Blood samples were collected through antecubital veni-
puncture into lithium-heparin Vacutainers (Becton-Dickinson,
Oakville, Ontario, Canada). This study was approved by the Clin-
ical Research Ethics Board of the University of British Columbia.

Analytical Method

First, we examined the individual main effects of early life SES,
implicit negative family affect, and implicit family warmth on
metabolic outcomes. Next, multiple regression analyses were con-
ducted to investigate whether adolescents’ implicit affect toward
the early family environment interacted with early life SES to
predict metabolic outcomes. Implicit anger and fear were aggre-
gated to create one dimension of implicit negative affect as done in
previous studies (Chan et al., 2011). Following the procedures
recommended by Aiken and West (1991), implicit negative affect,
implicit warmth, and early life SES were mean-centered and cross
products were computed. The covariates of age, gender, and eth-
nicity were included. We did not include smoking as a covariate
because only 7% of the 245 adolescents who answered questions
about smoking indicated they smoked one or more cigarettes in the
last 6 months, and only one indicated they smoked on a daily basis.
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Results

Preliminary Results

Descriptive information is listed in Table 1. Adolescents attrib-
uted significantly less anger and fear after seeing their own early
childhood family photograph compared with the control image
(Mdiff � |11.897|, ts � |6.982|, ps � .001). Adolescents also
attributed significantly more warmth after a family photograph
compared to the control image (Mdiff � 26.58577, t � 12.146,
p � .001). Implicit negative family affect was significantly
correlated with implicit family warmth (r � �.328, p � .001).
Early life SES was not significantly correlated with implicit
negative affect (r � �.063, p � .314) or implicit warmth (r �
.077, p � .220). Implicit family affect dimensions were not
significantly correlated with the RF measure or ratings of
current family and friend relationships (rs � |.097|, ps � .121).
Metabolic indicator scores largely reflect variation within a
normal range, as these adolescents were a young and healthy
sample. Multiple regression results for the individual main
effects of early life SES, implicit negative affect, and implicit
warmth on metabolic outcomes, controlling for the covariates
of age, gender, and ethnicity are presented in Table 2.

Early Life SES and Implicit Negative Affect

Resting blood pressure. With respect to systolic blood pres-
sure (SBP), there was no main effect of early life SES on SBP
(� � .112, p � .110). There was no main effect of implicit
negative affect on SBP (� � .047, p � .441). However, there was
a significant interaction between early life SES and implicit neg-

ative affect in predicting SBP (� � �.136, p � .043). This
interaction indicated that resting SBP levels were lower for those
from a higher early life SES background who also attributed less
implicit negative affect toward their early family environment.
Among those from a higher early life SES background, as implicit
negative affect increased, SBP levels also increased (see Figure 1).
This pattern holds even when controlling for waist circumference
(� � �.120, p � .061). Simple slopes for the association between
SES and SBP were tested for low (�1 SD below the mean),
moderate (mean), and high (�1 SD above the mean) levels of
implicit negative affect (Aiken & West, 1991). Among those with
lower implicit negative affect, the traditional SES-health relation-
ship was apparent, where higher early life SES was associated with
lower SBP (� � 3.384, p � .001). In contrast, among those with
higher implicit negative affect, implicit negative affect appears to
trump SES, and there was no association between SES and SBP
(� � .390, p � .790).

With respect to diastolic blood pressure (DBP), there was no
main effect of early life SES on DBP (� � .059, p � .404). There
was no main effect of implicit negative affect on DBP (� � .061,
p � .322). However, there was a significant interaction between
early life SES and implicit negative affect in predicting DBP
(� � �.172, p � .011; see Figure 1). This interaction indicated
that resting DBP levels were again lower for those from a higher
early life SES background who also attributed lower implicit
negative affect toward their early family environment. This pattern
holds even when controlling for waist circumference (� � �.170,
p � .013). Simple slope analyses (Aiken & West, 1991) revealed
similar patterns as SBP, such that among those with lower implicit
negative affect, higher early life SES was associated with lower
DBP (� � 2.750, p � .005). In contrast, among those with higher
implicit negative affect, there was no association between SES and
DBP (� � �1.106, p � .440).

Total cholesterol. There was no main effect of early life SES
on total cholesterol (� � �.064, p � .368). There was a significant
main effect of implicit negative affect on total cholesterol
(� � �.135, p � .031). There was no interaction between early
life SES and implicit negative affect in predicting total cholesterol
(� � �.068, p � .316).

Glycosylated hemoglobin. Glycosylated hemoglobin levels
were not significantly predicted by the main effects of early life
SES, implicit negative affect, or the interactions between early life
SES and implicit negative affect (�s � |.050|, ps � .494).

Waist circumference. Waist circumference was not signifi-
cantly predicted by the main effects of early life SES, implicit
negative affect, or the interactions between early life SES and
implicit negative affect (�s � |.075|, ps � .224).

Early Life SES and Implicit Warmth

Resting blood pressure. With respect to SBP, there was a
significant main effect of early life SES on SBP (� � .168, p �
.014). This main effect indicated that as early life crowding (e.g.,
the number of people per bedroom in the household) increased,
adolescents’ resting SBP also increased. There was no main effect
of implicit warmth on SBP (� � �.033, p � .601). There was no
interaction between early life SES and implicit warmth in predict-
ing SBP (� � �.006, p � .925).

Table 2
Multiple Regression Main Effect Results for Early Life
Crowding, Implicit Negative Affect, and Implicit Warmth
Predicting Metabolic Outcomes, Controlling for the Covariates
of Age, Gender, and Ethnicity

Dependent variable � t p

Early life crowding

Resting SBP (mmHg) .163 2.513 .013
Resting DBP (mmHg) .123 1.873 .062
Total cholesterol (mmol/L) �.029 �.435 .664
HbA1c (mmols/mol) .066 .988 .324
Waist (cm) �.037 �.572 .568

Implicit negative affect

Resting SBP (mmHg) .036 .577 .565
Resting DBP (mmHg) .048 .767 .444
Total cholesterol (mmol/L) �.135 �2.172 .031
HbA1c (mmols/mol) .028 .442 .659
Waist (cm) �.076 �1.239 .216

Implicit warmth

Resting SBP (mmHg) �.017 �.281 .779
Resting DBP (mmHg) �.110 �1.758 .080
Total cholesterol (mmol/L) �.042 �.672 .502
HbA1c (mmols/mol) �.084 �1.318 .189
Waist (cm) .103 1.681 .094

Note. SBP � systolic blood pressure; DBP � diastolic blood pressure;
HbA1c � glycosylated hemoglobin.
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With respect to DBP, there was a trend main effect of early life
SES on DBP (� � .119, p � .084). There was also a significant
main effect of implicit warmth on DBP (� � �.128, p � .043).
This main effect indicated that as attribution of implicit warmth
toward their early family environment increased, adolescents’ rest-
ing DBP decreased. There was no interaction between early life
SES and implicit warmth in predicting DBP (� � .057, p � .383).

Total cholesterol. There was no main effect of early life SES
on total cholesterol (� � �.061, p � .375). There was no main
effect of implicit warmth on total cholesterol (� � �.054, p �
.393). There was a trending interaction between early life SES and
implicit warmth in predicting total cholesterol (� � .127 p �
.054). This pattern holds even when controlling for waist circum-
ference (� � .127, p � .054). Similar to the above interactions,
among those from a higher early life SES background, as warmth
decreased, total cholesterol levels increased. Simple slope analyses
(Aiken & West, 1991) did not reveal significant patterns at low
(�1 SD below the mean), moderate (mean), and high (�1 SD
above the mean) levels of warmth (�s � �1.106, ps � .098).

Glycosylated hemoglobin. Glycosylated hemoglobin levels
were not significantly predicted by the main effects of early life
SES, implicit warmth, or the interactions between early life SES
and implicit warmth (�s � |.094|, ps � .145).

Waist circumference. Waist circumference was not signifi-
cantly predicted by the main effects of early life SES, implicit

warmth, or the interactions between early life SES and implicit
warmth (�s � |.108|, ps � .081).

Alternative Explanations

Current SES. To test whether effects were specific to the
early life period, or whether early life SES might be serving as a
proxy for current family SES, we included current crowding as a
covariate in all Early Life SES � Implicit Affect interaction
analyses. All patterns remained the same (ps for interactions re-
ported above range from .012 to .058). These results suggest that
early life SES is not merely a proxy for current family SES.

To test whether effects were specific to early life SES, we also
conducted interaction analyses with current SES and implicit fam-
ily affect predicting metabolic outcomes. Current SES did not
significantly interact with implicit negative affect or warmth to
predict any outcomes of resting blood pressure, total cholesterol,
glycosylated hemoglobin, or waist circumference (�s � |.116|,
ps � .073). Thus, early life SES, but not current SES, interacts
with an implicit measure of childhood family environment pre-
dicting adolescent metabolic outcomes.

Self-reported childhood family environment. To test
whether findings were specific to implicit family environment
measures or whether implicit measures may have merely served as
a proxy for explicit family measures, we included the Risky
Families measure as a covariate in all early life SES and implicit
affect interaction analyses. All patterns remained the same (ps for
interactions reported above range from .009 to .060), indicating
that implicit family affect measures contribute to the interaction
patterns uniquely above the contribution of explicit family mea-
sures.

To further test whether effects were specific to implicit mea-
sures, we also conducted interaction analyses with early life SES
and the explicit Risky Families measure predicting metabolic
outcomes. Early life SES did not significantly interact with the
explicit RF measure to predict any outcomes of resting blood
pressure, total cholesterol, glycosylated hemoglobin, or waist cir-
cumference (�s � |.100|, ps � .101). Thus, early life SES interacts
with an implicit measure of childhood family environment, but not
with an explicit measure of childhood family environment, in
predicting adolescent metabolic outcomes.

Current family and friend relationships. Finally, to rule out
the possibility that implicit affect toward the early family environ-
ment is simply a proxy for current explicit relationship quality, we
included the current ratings of family and friendship relationship
quality as a covariate in all early life SES and implicit affect
interaction analyses. All patterns remained the same (ps for inter-
actions reported above range from .009 to .057).

To test whether effects were specific to early childhood rela-
tionships or also emerged for current relationships, we conducted
interaction analyses with early life SES and current ratings of
family and friendship relationship quality predicting metabolic
outcomes. Early life SES did not significantly interact with ratings
of current family or current friendship relationship quality to
predict resting blood pressure, total cholesterol, glycosylated he-
moglobin, or waist circumference (�s � |.093|, ps � .148). This
suggests that interactions of early life SES with early life implicit
family affect are not better accounted for by current relationship
ratings in either the family or friend domains.

Figure 1. Interaction of early life (EL) socioeconomic status (SES;
crowding) with implicit negative affect toward family predicting resting
systolic blood pressure (SBP) and diastolic blood pressure (DBP) levels.
The solid lines represents low implicit negative affect (�1 SD) and the
dotted lines represents high implicit negative affect (�1 SD). Low EL
crowding is �1 SD and high EL crowding is �1 SD.
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Discussion

In a sample of healthy adolescents, we used a computerized
affect attribution paradigm to capture implicit negative affect (e.g.,
anger, fear) and warmth toward the early family environment. We
found that early life SES interacted with implicit affect toward
family to predict blood pressure and cholesterol; however, contrary
to our initial hypothesis, positive implicit family affect did not act
as a buffer for lower SES adolescents. Rather, for those adoles-
cents from a higher early life SES environment as implicit negative
affect toward the early family environment increased, resting SBP
and DBP levels also increased. Similarly, we also documented
interactions between early life SES and implicit warmth toward the
early family environment in total cholesterol levels, in a similar
direction to BP. Furthermore, in testing alternative explanations,
we demonstrated that these patterns held even when controlling for
current SES and an explicit measure of the childhood family
environment. Last, we did not observe the same interaction effects
when using current SES in lieu of early life SES, when using an
explicit, self-report measure of the childhood family environment,
or when using ratings of current family or friend relationships in
lieu of implicit family affect. Taken together, these patterns sug-
gest that there is something specific to early life SES and to how
adolescents implicitly feel about their early family environments
that contribute to adolescent metabolic outcomes.

Although the findings from this study were inconsistent with our
initial predictions about buffering effects for lower SES adoles-
cents and with some previous studies (Chen et al., 2011; Evans et
al., 2007; Miller et al., 2011b), there are several studies that have
demonstrated moderation where effects are more pronounced in a
higher SES or higher status group. For example, in a previous
cognitive development study, SES was found to interact with the
quality of the childhood home environment (e.g., availability of
stimulation and support to a child), such that for higher SES
children, an enriched home environment played a bigger role in
boosting performance on cognitive development tests from Age 1
to Age 3, relative to lower SES children (Bradley et al., 1989).
Further, physiological responses to an acute stressor are sometimes
more pronounced in higher status individuals. Individuals who
have higher subjective social status were the ones who showed the
greatest adrenocortical response to a social evaluative stressor task
in a controlled lab setting (Gruenewald et al., 2006). Youth who
have higher subjective social status also display more pronounced
inflammatory signaling following a recent targeted rejection life
event compared with their lower status counterparts, and it has
been speculated that higher status individuals are physiologically
more sensitive to certain social stressors because of the need to
defend their status (Murphy et al., 2013). Similarly, it may be that
adolescents with higher SES are more sensitive to the effects that
implicitly held (but not necessarily explicitly expressed) family
affect has on metabolic processes. Consistent with this idea, in our
previous study conducted in an adult sample (Chan et al., 2011),
the interactions we found between early life SES and implicit
family affect suggested that the effects of implicit affect were also
stronger among those who are higher in SES, such that among
those who were higher in early life SES, more negative implicit
family affect was associated with higher BP levels. We speculate
that one reason for this stronger effect in higher SES families is
that negative implicit family affect may be more detrimental if

adolescents from higher status communities have less broad social
networks than adolescents from lower status communities. Previ-
ous research finds that individuals tend to form ties with peers of
similar status and there are fewer individuals in each status group
as status increases (McPherson, Smith-Lovin, & Cook, 2001). If
higher status adolescents have fewer alternative network members
to go to for support, the impact of negative implicit affect in the
family may be stronger in this group.

Findings from simple slope analyses at different levels of im-
plicit negative family affect revealed that the traditional associa-
tion between early life SES and resting BP is only apparent among
those adolescents with lower implicit negative family affect. In
contrast, at higher levels of implicit negative family affect, no
association was observed between early life SES and resting BP.
This suggests that the expected benefits of higher SES on resting
BP are only apparent when adolescents have less underlying
implicit negative affect about their early environment and perhaps
come from a less adverse early childhood family environment,
while early life SES plays a smaller role in resting BP levels when
adolescents have greater implicit negative family affect. This pro-
vides further evidence pointing to the role of adverse family
characteristics in children’s physical health (Repetti et al., 2002)
and also points to the importance of considering both objective
circumstances and subjective experiences (Greenwald et al., 2009)
when assessing childhood psychosocial conditions.

It is interesting to note that the interactions patterns observed
were different across metabolic outcomes. The effects of implicit
negative family affect were observed for resting BP, and the
effects of implicit warmth was observed for cholesterol levels. In
line with previous studies documenting links between negative
psychosocial factors (i.e., social threat) and physiological reactiv-
ity (Kemeny, 2009), we cautiously speculate that early childhood
family relationship characteristics more closely related to the con-
struct of social threat (i.e., implicit negative family affect) operates
by altering autonomic processes more reactive to the immediate
environment (Wager et al., 2009), and which would be expected to
be associated with blood pressure. On the other hand, supportive
early childhood family relationship characteristics (i.e., implicit
family warmth) may contribute to cholesterol profiles via other
pathways, such as the promotion of positive health behaviors
(Uchino, 2006). However, these explanations are quite speculative,
and further examinations of the specific physiological processes
associated with the different implicit affect dimensions are war-
ranted.

Finally, interaction patterns documented in this study were
specific to early life SES and implicit family affect. We did not
observe the same interaction effects when using current SES in
lieu of early life SES. This finding adds to a growing literature
documenting that early life represents a sensitive period that may
have long-lasting effects on physiological systems (Blane et al.,
1997; Cohen, Janicki-Deverts, Chen, & Matthews, 2010b; Galo-
bardes et al., 2004, 2006; Miller, Chen, & Parker, 2011a; Poulton
et al., 2002). Also, we did not observe the same interaction effects
when using an explicit self-report measure of the childhood envi-
ronment. This may be because the explicit measure tapped rela-
tionship quality items, whereas the implicit measure tapped affect.
Or it may be because family moderation of SES effects in adoles-
cence are more apparent for implicit than explicit measures (per-
haps because adolescents are still living at home, and early child-
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hood affect toward family members is more difficult to explicitly
report on and separate out from current feelings during adoles-
cence, relative to adults who are no longer living with their
parents). Overall, these differing patterns point to the importance
of measuring early childhood characteristics using tools other than
self-report assessments, as implicit measures can capture more
sensitive and sometimes unacknowledged feelings that are differ-
ent from explicit measures (Greenwald et al., 2002). This pattern
is consistent with previous social psychology work demonstrating
that associations with implicit measures are different from associ-
ations with explicit measures (Greenwald et al., 2009). Our find-
ings reveal that the current quality of family and friend relation-
ships do not produce the same patterns as our implicit measure of
early childhood family environment, suggesting that the implicit
measure is not just a proxy for the state of one’s current interper-
sonal relationships.

Limitations

There are several limitations to this study. First, findings were
cross-sectional, and longitudinal studies are needed to determine
whether implicit family warmth and negative affect truly precede
change in metabolic or other physiologic processes. Second, our
sample included healthy young participants. Future studies should
conduct a broader assessment of other physiological pathways and
disease outcomes across a diverse range of ages throughout the life
span. Third, we are unable to directly verify that participant’s
implicit responses to family photos were specific to the early
childhood period. Although we did rule out the idea that implicit
family affect is simply a proxy for the explicit quality of current
family relationships, it is possible that the measure also captures
some spillover of current affect toward family. Fourth, given the
multiple tests conducted, results would need to be replicated across
other studies to be certain of the reliability of the findings. Fifth,
although automatic affective responses are less explicitly biased
than self-report measures, they are still retrospective measures, and
where possible, prospective studies starting in early childhood
would greatly help to shed light on family psychosocial moderat-
ing factors. Last, this study sample also did not focus on lower SES
participants, and it is possible that the associations between im-
plicit family affect and SES on adolescent metabolic outcomes
may operate differently in a lower income sample. Given the
mechanistic nature of this study, the sample was a convenience
sample, rather than a population-based sample. While the general
characteristics of this study’s sample were in line with the broader
community from which it was drawn, nonetheless, generalizability
remains more of a question in smaller-scale, mechanistic studies
compared to larger, epidemiological studies.

Conclusion

In a sample of healthy adolescents, implicit affect elicited by
early family conditions interacted with a measure of early life SES
to predict metabolic outcomes. The moderating effect of implicit
family affect was specific to individuals higher in early life SES,
such that higher SES individuals who had more implicit negative
affect and less implicit warmth toward their early family environ-
ment displayed higher resting BP and cholesterol levels. Our
findings also indicate that implicit characteristics about early

childhood family relationships are specifically relevant to early life
SES and not current SES. Implicit characteristics, but not explic-
itly reported characteristics, appear to be in some cases able to
potentially override the effects of positive early life socioeconomic
conditions on adolescents’ resting SBP, DBP, and total cholesterol.
These findings highlight the potential importance of incorporating
implicit measures together with explicit measures when assessing
early life factors and suggest that underlying implicit negative
affect toward one’s family may offset the benefits of material
resources that higher SES children experience.
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