
https://doi.org/10.1177/1359105317739964

Journal of Health Psychology
 1 –11
© The Author(s) 2017
Reprints and permissions:  
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1359105317739964
journals.sagepub.com/home/hpq

Introduction

The high prevalence of obesity among children 
and adolescents carries large health and eco-
nomic costs (Wang et al., 2011). In the United 
States, 18.4 percent of adolescents are charac-
terized as obese and 33.6 percent as overweight 
(Ogden et al., 2012). Obesity rates continue to 
rise during young adulthood (Harris et al., 
2006) and become increasingly predictive of 
later obesity and morbidity (Juonala et al., 
2011). Adolescence and young adulthood are 
therefore key developmental periods for the 
study of vulnerability to obesity risk.

Importantly, early-life social context, includ-
ing poverty and stressful experiences, has been 
shown to influence obesity risk in adulthood 
(Danese and Tan, 2014; Felitti et al., 1998). 

Consequences of early adversity are not univer-
sal, however, and some youth endure risky con-
texts with few lasting adverse effects while 
others suffer more noticeably (Daskalakis et al., 
2013). Individual differences in resting cardiac 
vagal control may be one biological factor that 
helps youth to be resilient or leads to greater 
vulnerability in adverse contexts (McLaughlin 
et al., 2013). Prior research has generally 
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focused on vagal control as a moderator of the 
link between stress and mental health, but has 
rarely considered physical health outcomes—a 
gap this study begins to address with regard to 
adiposity.

Low resting levels of vagal control as 
a vulnerability marker

The parasympathetic branch of the autonomic 
nervous system facilitates restorative functions, 
via the vagus nerve, that help maintain health and 
homeostasis in the absence of threat. For exam-
ple, vagal efferent activity has anti-inflammatory 
properties, is associated with better glucose regu-
lation, and inhibits hypothalamic–pituitary–adre-
nal axis activity (Thayer et al., 2006; Thayer and 
Sternberg, 2006; Tracey, 2002); in turn, these pro-
cesses are interdependent, and dyshomeostasis in 
these systems could influence fat accumulation 
(Black, 2006; Marks, 2016). Accordingly, low 
resting levels of efferent vagal control, indexed 
by time- and frequency-based measures of heart 
rate variability (HRV), has been investigated as a 
marker of disease risk (Thayer and Lane, 2007). 
Specifically, low vagal control is prospectively 
associated with metabolic syndrome, hyperten-
sion, and cardiovascular events (Hillebrand et al., 
2013; Schroeder et al., 2003; Wulsin et al., 2015). 
Low vagal control also indicates risk of future 
cardiovascular events among individuals with 
history of myocardial infarction, diabetes, or 
chronic heart failure (Liao et al., 2002; Rovere 
et al., 2003).

In addition to being a risk marker for disease, 
vagal control has been implicated in stress and 
coping processes (Porges, 1992; Thayer et al., 
2012). Top-down neural control of stress 
responses operates partly through the vagus 
nerve, such that resting levels of vagal influence 
may indicate capacity for vagally mediated 
responses to challenge (Thayer et al., 2012). For 
example, environmental demands often lead to 
withdrawal of vagal influence that, when paired 
with greater sympathetic activation, can facili-
tate effective behavioral engagement (e.g. by 
increasing metabolic output; Beauchaine, 2001). 

Accordingly, individuals with lower resting 
vagal control may be more adversely affected by 
risky contexts, manifest in higher internalizing 
and externalizing behaviors, relative to their 
more regulated peers (Eisenberg et al., 2012; 
El-Sheikh, 2005a; McLaughlin et al., 2013).

Most studies on vagal control as a buffer of 
stress have investigated psychological but not 
physical health outcomes. This is surprising 
given the well-known restorative and “rest and 
digest” functions of the parasympathetic nerv-
ous system. That vagal control may be relevant 
to the health sequelae of psychosocial adversity 
appears likely, as stressful experiences generally 
include vagally mediated disruptions to physio-
logic homeostasis. These disruptions can lead to 
longer term physiologic dysregulation when 
stress response systems are chronically acti-
vated (Danese and McEwen, 2012). In addition, 
greater vagal control has also been associated 
with cardiovascular, endocrine, and immune 
recovery after lab stress (Weber et al., 2010) and 
with reduced mortality risk after cardiac events 
(Huikuri and Stein, 2013). Having well-regu-
lated vagal control may therefore be particularly 
salient for the physical health of individuals 
confronting chronic stress. However, to our 
knowledge, only one study has examined the 
moderating role of resting vagal control on the 
link between stress and health (El-Sheikh et al., 
2001). Considering multiple subscales of chil-
dren’s health problems, findings from this study 
indicated that the association between psycho-
social adversity and health was larger among 
children with lower resting vagal control.

Current study

The purpose of the this study is to examine 
among a sample of black and white college stu-
dents in the United States whether the strength 
of the association between early-life adversity 
and central adiposity varies as a function of 
vagal control, indexed by high-frequency heart 
rate variability (HF-HRV). Recognizing that 
depression, anxiety, physical activity, cigarette 
smoking, and alcohol are correlates of HF-HRV 
(Dinas et al., 2013; Kemp et al., 2012; Rennie 
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et al., 2003; Thayer et al., 2006) and could 
themselves influence vulnerability to the health 
sequelae of stress, we also adjust for the main 
effects of and potential moderation by each of 
these variables. Our primary hypothesis is that 
resting HF-HRV will moderate associations 
between early-life adversity and central adipos-
ity, such that this link will be stronger for indi-
viduals with lower HF-HRV. We hypothesize 
that moderation findings will persist after 
adjusting for potential confounds.

Methods

Data were collected as part of a larger study on 
college students that took place at a university 
in the Midwestern United States. Study approval 
was obtained from all relevant Institutional 
Review Boards. Details about the sampling pro-
cedures used in the study have been published 
elsewhere (Fuller-Rowell et al., 2016). In brief, 
all black/African American freshman students 
and a random sample of white/European 
American freshman students were invited to 
participate. White students were stratified by 
parents’ educational level, such that first gener-
ation college students were oversampled. A 
total of 150 students participated in the study, 
but one was dropped from analyses due to miss-
ing data on outcome variables (N = 149).

Data collection occurred at the clinical research 
unit of an on-campus University hospital. Nursing 
staff collected anthropometric measurements and 
blood and urine samples. Next, research staff 
completed a brief interview assessing health his-
tory and behaviors. Participants then completed a 
set of self-administered questionnaires before the 
assessment of autonomic nervous system func-
tioning. Care was taken to ensure a sufficient 
amount of time had elapsed from blood draw to 
physiologic assessment to allow participants to 
return to baseline arousal levels.

Measures

Adiposity markers. Waist-to-height ratio (WHtR) 
was used to index central adiposity (Mokha 
et al., 2010). Waist circumference was measured 

directly on the skin or over a single layer of 
tight-fitting clothing at the narrowest point 
between the ribs and iliac crest, and adjusted for 
height. Units are expressed in percentage points. 
Body mass index (BMI) was considered as a 
measure of general or nonspecific body adipos-
ity in sensitivity analyses, and the reason for its 
inclusion and relevant findings are described in 
Supplemental Material.

Resting HF-HRV. Measures of resting HF-HRV 
were collected by trained research staff using a 
standardized procedure. The assessment 
occurred during the afternoon in a hospital 
room with consistent room temperature and 
lighting. While seated, participants viewed a 
PowerPoint slideshow of nature scenes during a 
10-minute resting period. Electrocardiography 
(ECG) recordings were collected using dispos-
able snap electrodes at the right clavicle and 
lower left rib cage, and the signal was amplified 
with a Biopac ECG100C module at a gain of 
1000, digitized using an MP150 data acquisi-
tion system and AcqKnowledge 4.12 software 
(Biopac Systems, Goleta, CA, USA), and col-
lected on a Lenovo Thinkpad T400 laptop. 
Low- and high-pass filters of 35 and .5 Hz, 
respectively, were used. A thoracic impedance 
signal was also collected, from which respira-
tion was derived using the Z0 signal. ECG 
waveforms of 1-minute were visually inspected, 
and incorrect R peaks were fixed using Mind-
ware HRV 3.0.21 software (Mindware Tech-
nologies Ltd., Gahanna, OH, USA). Power 
spectral density of HRV was calculated using 
the fast Fourier transform, with high-frequency 
spectral power classified between .15 and .4 Hz. 
HF-HRV is widely considered among the best 
noninvasive indices of cardiac vagal control 
(Berntson et al., 1997). The natural log of HF-
HRV was averaged over ten 1-minute segments 
from the resting period.

To reduce the potential of temporally proxi-
mate influences, we regressed resting HF-HRV 
on a series of controls and saved the residuals to 
use in regression analyses. Controls included 
use of antidepressants, use of asthma medica-
tions, current self-reported cold or flu, and 
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consumption of snack or non-water beverage 
within past hour (Licht et al., 2010; Lu et al., 
1999). Residualized resting HF-HRV is 
included in all analytic models below.

Early-life adversity. Early-life adversity was 
measured via self-report using a 21-item inven-
tory of adverse contexts and stressful events 
occurring during the first 17 years of life (fur-
ther described in the study of Curtis et al., 
2016). The inventory was adapted from the 
Adverse Childhood Experiences questionnaire 
(Felitti et al., 1998). Items focused on family 
stressors, childhood maltreatment, and crime 
and violence exposure. A total score of all 
items, with a possible range of 0–21, was used 
(α = .81).

Sociodemographic covariates. Age and sex were 
reported by participants. Race was obtained via 
university records and confirmed via self-
report. Educational attainment was collected 
for each parent, and responses were coded as a 
series of dummy variables: (1) neither parent 
had a 4-year college degree (or the single parent 
in some cases), (2) at least one parent had a 
4-year degree, or (3) at least one parent had a 
graduate degree (reference category).

Mental health and health behaviors. Depressive 
symptoms were assessed using the Beck 
Depression Inventory II (Beck et al., 1996), a 
validated and internally consistent 21-item 
scale (α = .82). Anxiety symptoms were assessed 
using five items, similar to those included on 
the Beck Anxiety Inventory and the General-
ized Anxiety Disorder 7 (GAD-7) (Beck and 
Steer, 1990; Spitzer et al., 2006). Specifically, 
we measured symptom frequency in the past 
few weeks (1 = never to 4 = often) for the fol-
lowing: “very worried and anxious,” “shaky,” 
“worried about different things at the same 
time,” “unable to relax,” “numbness or tin-
gling.” Physical activity in the past few weeks, 
including frequency and duration, was meas-
ured during a structured interview, and activi-
ties were categorized as vigorous, moderate, or 
light intensity based on uniform definitions 

read to participants. Consistent with established 
guidelines and previous research (Tsenkova 
et al., 2017), physical activity was converted to 
metabolic equivalents (METs) hours per week 
by multiplying moderate intensity hours by 3 
and vigorous intensity by 6. Cigarette smoking 
was measured as a dichotomous variable, with 
1 indicating current smoker. Binge drinking 
was coded as 1 if participants reported consum-
ing five or more drinks on a “typical day when 
drinking” and 0 otherwise (Naimi et al., 2003).

Analyses

Univariate and bivariate statistics were first 
examined. Next, a series of stepwise linear 
regression models were fit to test study hypoth-
eses. In Model 1, the association between early-
life adversity and WHtR was estimated, after 
adjusting for sex, age, racial group, parental 
education, and resting HF-HRV. The interaction 
between early-life adversity and HF-HRV was 
then added in Model 2 alongside all previous 
variables to test for moderation. In Model 3, 
depressive symptoms, anxiety symptoms, phys-
ical activity, cigarette smoking, and binge 
drinking were added due to their potential to 
confound or mediate the moderating effects of 
HF-HRV. Additional models were fit to indi-
vidually test the interaction between each of the 
potential confounds from Model 3 with early-
life adversity. Three sets of sensitivity analyses 
were also conducted and are reported in 
Supplemental Material. First, Models 1–3 were 
refit using BMI as the outcome. Second, we 
examined, in turn, whether the pattern of 
hypothesized moderation varied by sex or race. 
Finally, participants with chronic health condi-
tions were excluded from the analytic sample, 
and hypothesized models were refit.

Regression analyses were conducted using 
Mplus v.7.11 (Muthén and Muthén, 2013). 
Missing data were handled using full-informa-
tion maximum likelihood, a common estima-
tion technique that utilizes all available data and 
ensures a consistent sample size across models. 
Eight participants had missing data for resting 
HF-HRV, 2 for early-life adversity, and 7 for 
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parents’ education. All continuous variables 
included in computing interaction variables 
were first centered to aid in the interpretation of 
findings (Iacobucci et al., 2015).

Results

Preliminary analyses

Characteristics for the analytic sample are pre-
sented in Table 1. We also examined bivariate 
correlations between study variables and report 
key findings herein. Early-life adversity was 
correlated with a larger WHtR (r = .20, p = .016) 
and BMI (r = .26, p = .001) but not with HF-HRV 
(r = −.02, p = .86). Resting HF-HRV was also 
not correlated with either WHtR (r = −.04, 
p = .61) or BMI (r = .04, p = .64). Among the 
mental health and health behaviors that are con-
sidered potential confounds, early-life adversity 
was correlated with greater depressive symp-
toms (r = .22, p = .007) and cigarette smoking 
(r = .22, p = .006) but not anxiety symptoms 

(r = .11, p = .18), binge drinking (r = −.06, 
p = .44), or physical activity (r = −.15, p = .10). 
Among these potential confounds, resting 
HF-HRV was correlated only with greater phys-
ical activity (r = .20, p = .021).

Primary analyses

See Table 2 for model results testing modera-
tion hypotheses with WHtR as the outcome. 
Model 1 results indicated that exposure to each 
additional early-life adversity was associated 
with a .33 percentage point increase in WHtR 
(p = .023, 95% confidence interval (CI): .03, 
.63), after adjusting for sociodemographic 
covariates and resting HF-HRV. As shown in 
Model 2, the interaction between early-life 
adversity and HF-HRV was significant 
(B = −.50, p = .006, 95% CI: −.86, −.15), and its 
inclusion explained an additional 5.2 percent of 
the variance in WHtR. Model 3 was then further 
adjusted for depressive symptoms, anxiety 

Table 1. Sample characteristics (N = 149).

Mean ± SD %

Sociodemographic covariates
Age (years) 18.82 ± .96  
Female 55.7
African American/Black 45.0
European American/White 55.0
Parents’ education  
 Neither parent has 4-year college degree 26.6
 One parent with 4-year college degree 40.6
 One parent with graduate degree 32.9
Substantive predictor variables
Depressive symptoms 6.77 ± 5.01  
 Anxiety symptoms 1.85 ± .60  
 Cigarette smoker 6.7
 Binge drinking (≥5 drinks) 38.9
 Physical activity (METs hours/week) 19.7 ± 19.2  
 ln high-frequency heart rate variability 6.92 ± .97  
 Early-life adversities (no.) 2.82 ± 3.13  
Adiposity markers
Waist-to-height ratio (in percentage points) 45.09 ± 5.30  
Body mass index (kg/m2) 24.20 ± 3.98  

SD: standard deviation.
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symptoms, cigarette smoking, binge drinking, 
and physical activity, and moderation findings 
were nearly identical. See Figure 1 for fitted 
plots that depict the association between early-
life adversity and WHtR for participants at 
1 standard deviation (SD) below and above the 
mean of HF-HRV. These plots demonstrate that 
the strength of the association between early-
life adversity and WHtR was larger among 
those with lower resting HF-HRV as compared 
to those with greater HF-HRV.

We examined whether mental health and 
health behaviors moderated the early adver-
sity—WHtR link and therefore could be an alter-
nate explanation for the reported moderation 
findings. We found no significant moderation by 

physical activity (B = −.09, p = .30, 95% CI: −.27, 
.08). Adjusting for physical activity*early-life 
adversity attenuated the HF-HRV*early-life 
adversity estimate by 15.4 percent but the latter 
remained significant (B = −.43, p = .026, 95% CI: 
−.81, −.05). The association between early-life 
adversity and WHtR was also not found to vary 
by depressive symptoms (p = .87), anxiety symp-
toms (p = .88), cigarette smoking (p = .57), or 
binge drinking (p = .39), and the interaction 
between resting HF-HRV and early adversity 
remained significant in each of these models.

Sensitivity analyses

Results from three sets of sensitivity analyses 
are described in Supplemental Material with 
only a brief summary herein. Models fit with 
BMI as the outcome rather than WHtR revealed 
the same pattern of findings. No evidence for 
racial group or sex moderating the interaction 
between early-life adversity and HF-HRV was 
detected. Also, when participants with chronic 
conditions were excluded, moderation findings 
were similar.

Discussion

Exposure to early adversity in childhood is a 
pressing public health concern with established 
prospective effects on obesity risk and mortality 

Table 2. Estimates from a series of regression models testing resting high-frequency heart rate variability 
(HF-HRV) as a moderator of the association between early-life adversity and waist-to-height ratio 
(N = 149).

Model 1 Model 2 Model 3

 B SE β B SE β B SE β

Early-life adversity .33 (.15) .19* .28 (.15) .17 .30 (.15) .18*
HF-HRV −.16 (.48) −.03 −.25 (.46) −.04 −.17 (.47) −.03
Early-life adversity*HF-HRV −.50 (.18) −.23** −.51 (.18) −.23**

SE: standard error.
Waist-to-height ratio is in percentage points (i.e. (waist (cm)/height (cm))*100).
Model 1 and 2 include sex, race, age, and parental education as covariates.
Model 3 includes sex, race, age, parental education, depressive symptoms, anxiety symptoms, binge drinking, cigarette 
smoking, and physical activity as covariates.
*p < .05; **p < .01.

Figure 1. Fitted interaction plot demonstrating 
association between early-life adversity and 
waist-to-height ratio as a function of resting high-
frequency heart rate variability (HF-HRV).

http://journals.sagepub.com/doi/suppl/10.1177/1359105317739964
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(Felitti et al., 1998). Findings from this study 
are the first, to our knowledge, to show that the 
association between early adversity and body 
adiposity is more pronounced among individu-
als with lower resting HF-HRV relative to peers 
with greater HF-HRV. These results extend 
prior research demonstrating that low vagal 
control exacerbates effects of psychosocial 
stress on mental health (El-Sheikh, 2005a; 
McLaughlin et al., 2013) and extends this 
research into the physical health domain. Thus, 
in addition to low resting vagal control serving 
as a marker of morbidity risk (Thayer and Lane, 
2007), our findings suggest that vagal control 
could also indicate vulnerability to the weight-
related sequelae of exposure to adversity.

Physiologic and behavioral pathways likely 
exist through which resting vagal control could 
increase one’s vulnerability to early-life adver-
sity. In particular, low vagal control may 
increase morbidity risk by insufficiently inhib-
iting certain physiologic systems (e.g. the 
bradycardic and anti-inflammatory effects of 
vagal influence), while not adequately activat-
ing other systems, such as digestive and meta-
bolic, that influence energy balance, fat storage, 
and insulin resistance (Berthoud, 2008; Thayer 
and Lane, 2007; Tracey, 2002). In the context of 
significant early adversity, low vagal control 
may be especially detrimental to physical health 
and body adiposity because of repeated activa-
tion of stress response systems without suffi-
cient compensatory restoration via vagally 
mediated pathways.

With regard to behavioral pathways, indi-
viduals with low vagal control may use more 
maladaptive coping strategies when experienc-
ing elevated stress. Specifically, HRV has been 
shown to correlate with baseline prefrontal cor-
tical and amygdalar functioning—brain areas 
that are known to influence stress-coping tac-
tics (Thayer et al., 2012; Thayer and Lane, 
2000). Extant literature has also documented 
that greater vagal control is associated with a 
variety of relevant effective coping strategies, 
including emotion- and self-regulation (Fabes 
and Eisenberg, 1997; Park and Thayer, 2014). 
Furthermore, resting vagal control affects the 

magnitude of vagal withdrawal to challenging 
or stressful situations such that individuals with 
higher vagal control may have greater capacity 
for responsive parasympathetic responses 
(Beauchaine, 2001; El-Sheikh, 2005b). Flexible 
vagal functioning and effective behavioral cop-
ing strategies may be critical for those exposed 
to high levels of adversity and may help to 
reduce any long-term consequences of such 
adversity.

Limitations of this study should be noted. 
The interpretation of findings is based on the 
assumption that resting vagal control is stable 
across childhood/adolescence. This assumption 
is in part supported by the fact that repeated 
measurements of vagal functioning across 
childhood and adolescence do show moderate 
stability (El-Sheikh, 2005b; Hinnant et al., 
2011; Li et al., 2009). Substantial early adver-
sity could also lead to blunted physiologic reac-
tivity; however, resting levels of vagal 
functioning do not appear to vary as a function 
of early stress (McLaughlin et al., 2015; 
Voellmin et al., 2015). Likewise, we found no 
evidence for a correlation between early adver-
sity and resting HF-HRV. We also accounted for 
several contemporaneous correlates of HF-HRV 
and potential confounding third variable expla-
nations, and moderation findings persisted.

One surprising but peripheral finding of this 
study is that resting HF-HRV was not associ-
ated with adiposity markers, which is consistent 
with some prior research (Antelmi et al., 2004). 
Also, Windham et al. (2012) found that vagal 
functioning is associated with waist circumfer-
ence but not BMI. Li et al. (2009) reported that 
BMI and waist circumference were not associ-
ated with resting vagal functioning 1.5 years 
later but that changes in both anthropometric 
measures were significant predictors—suggest-
ing that vagal functioning may be more sensi-
tive to within-person changes in body size than 
between-person comparisons. The majority of 
research studies, however, have demonstrated 
reduced HF-HRV among obese individuals and 
that an increase in HF-HRV accompanies 
weight loss (Karason et al., 1999; Thayer et al., 
2010). Posthoc analysis of our data indicated 
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that although waist circumference was not sig-
nificantly correlated with HF-HRV (r = −.10, 
p = .22), the magnitude of the correlation sug-
gests that it would be significant in studies with 
a larger sample size

Another limitation is that we used retrospec-
tive reports of early-life adversity. To limit 
problems with reliability, early adverse experi-
ences were selected based on generally distinct 
experiences that are less influenced by recall 
bias (Hardt and Rutter, 2004). Furthermore, 
retrospective reports of early adversity are 
commonly used and have been shown to be 
effective surrogates of reports made during 
childhood (Patten et al., 2014). Nevertheless, 
longitudinal, prospective analyses are critically 
needed.

In sum, this study represents the first exam-
ination, to our knowledge, of resting HF-HRV 
as a marker of vulnerability to early-life adver-
sity with respect to body adiposity. If findings 
are replicated and extended, intervention 
implications are possible. In particular, health-
care practitioners could provide additional 
attention to obesity prevention for patients 
with low resting vagal control and high expo-
sure to early adversity. Exercise programs may 
be particularly effective due to the known ben-
efits of physical activity on vagal control as 
well as on weight reduction (when paired with 
dietary interventions) (Carter et al., 2003; Ho 
et al., 2013). Thus, vagal control has potential 
clinical and public health significance as an 
accessible marker that may allow for identifi-
cation of individuals at increased stress-related 
obesity risk.
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