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Association of Predeployment Heart Rate Variability
With Risk of Postdeployment Posttraumatic Stress Disorder
in Active-Duty Marines
Arpi Minassian, PhD; Adam X. Maihofer, MS; Dewleen G. Baker, MD; Caroline M. Nievergelt, PhD;
Mark A. Geyer, PhD; Victoria B. Risbrough, PhD; for the Marine Resiliency Study Team

IMPORTANCE Disrupted autonomic nervous system functioning as measured by heart rate
variability (HRV) has been associated with posttraumatic stress disorder (PTSD). It is not clear,
however, whether reduced HRV before trauma exposure contributes to the risk for
development of PTSD.

OBJECTIVE To examine whether HRV before combat deployment is associated with increased
risk of a PTSD diagnosis after deployment when accounting for deployment-related combat
exposure.

DESIGN, SETTING, AND PARTICIPANTS Between July 14, 2008, and May 24, 2012, active-duty
Marines were assessed 1 to 2 months before a combat deployment and again 4 to 6 months
after their return. The first phase of the Marine Resiliency Study (MRS-I) included 1415 male
Marines, 59 of whom developed PTSD after deployment. Participants in the second phase of
the Marine Resiliency Study (MRS-II) included 745 male Marines, 25 of whom developed
PTSD after deployment. Analysis was conducted from November 25, 2013, to April 16, 2015.

MAIN OUTCOMES AND MEASURES Predeployment HRV was measured via finger
photoplethysmography during a 5-minute period of rest. Frequency-domain measures of
HRV were generated. Diagnosis of PTSD was determined using the Clinician-Administered
PTSD Scale.

RESULTS After accounting for deployment-related combat exposure, lower HRV before
deployment as measured by an increased low-frequency (LF) to high-frequency (HF) ratio of
HRV was associated with risk of PTSD diagnosis after deployment (combined MRS-I and
MRS-II cohort meta-analysis odds ratio, 1.47; 95% CI, 1.10-1.98; P = .01). The prevalence of
postdeployment PTSD was higher in participants with high predeployment LF:HF ratios
(15.8% [6 of 38 participants]) compared with participants who did not have high LF:HF ratios
(3.7% [78 of 2122 participants]).

CONCLUSIONS AND RELEVANCE This prospective longitudinal study provides initial and
modest evidence that an altered state of autonomic nervous system functioning contributes
to PTSD vulnerability, taking into account other key risk factors. If these findings are
replicated, interventions that change autonomic nervous system function may open novel
opportunities for prevention and treatment of PTSD.
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P osttraumatic stress disorder (PTSD) is, historically and
currently, a significant public health problem in individu-
als deployed to war. Lifetime prevalence of the disorder

is approximately 19% in Vietnam-era combat veterans1 and 13%
to 15% in US military servicemembers serving in this era’s con-
flicts in Iraq and Afghanistan2,3 compared with the 8% general
prevalence rate of PTSD in the United States.4 These differences
in prevalence rates may be in part attributable to variations in
the disorder’s diagnostic criteria or how it is assessed. Regard-
less, psychological and functional consequences of PTSD can
be devastating (eg, high suicide rates5 and long-term disability
with substantial impairment in functioning6). Furthermore,
PTSD is associated with several adverse health consequences.7,8

Heart rate variability (HRV) is the quantitative assessment
of variation in heartbeat intervals and is a sensitive index of au-
tonomicnervoussystem(ANS)function.9 Heartrateismodulated
by both the parasympathetic and sympathetic branches of the
ANS via influences on the sinoatrial node pacemaker.10 The con-
sistent findings of reduced HRV in PTSD suggest autonomic in-
flexibility due to sympathetic overactivity and/or parasympa-
thetic insufficiency,11-13 potentially mediated by the presence or
worsening of the cardiovascular problems that are common in
thedisorder.14 It isunclearwhetherautonomicinflexibilityissim-
plyreducedduringactivePTSDsymptomsorwhetherabnormali-
ties can also be detected in individuals who are at risk for PTSD.
In other words, does diminished HRV before trauma increase the
likelihood of stress disorder symptoms after trauma? Low para-
sympathetic control of sympathetic output could reflect an at-
risk state for development of stress disorders via reduced corti-
cal modulation of ANS responses to stress15,16 or, alternatively,
could be a traitlike phenomenon associated with decreased re-
silience to stress. Some evidence17 suggests that diminished HRV
immediately after trauma can predict development of PTSD;
however, to our knowledge, HRV before trauma has not been
tested. Identifying biology-based markers of PTSD susceptibil-
ity will enable delineation of mechanisms that confer suscepti-
bility to the long-term effects of trauma and inform preventive
strategies.

To this end, we tested the hypothesis that HRV before
trauma is associated with the development of PTSD in a large
group of Marines and Sailors after their return from deploy-
ment to a combat zone. Active-duty Marines in the Marine Re-
siliency Study (MRS), previously described by our group,13,18-20

were evaluated for HRV and PTSD symptoms before and after
deployment. We19 reported a cross-sectional association be-
fore deployment between reduced HRV and PTSD in the MRS
cohort. In the present study, we tested our hypothesis that low
HRV is a risk factor for PTSD, predicting that Marines and Sail-
ors who developed PTSD after deployment would exhibit low
HRV before deployment.

Methods
Participants
Participants were active-duty US Marines and Sailors tested ap-
proximately 1 month before deployment to Iraq or Afghanistan
as part of the first phase of the MRS (MRS-I), a prospective lon-

gitudinal study to examine markers of risk and resilience to com-
bat stress. The participants were reassessed approximately 3 and
6monthsafterreturnfromdeployment.The6-monthtimeframe
was the focus of the present study in an effort to assess the pro-
longed PTSD syndrome. Four infantry battalions were tested be-
tween July 14, 2008, and May 24, 2012, at 1 of 2 bases in South-
ernCalifornia.18Additionaldatafromasmallercohort(drawnfrom
the second phase of the MRS [MRS-II]) were analyzed separately
owing to assessment time differences (assessments 1 week before
deployment and 4-5 months after deployment, with the final
evaluation occurring October 10, 2013). Studies were approved
by the institutional review boards of the Veteran’s Administra-
tion San Diego Healthcare System; the University of California,
San Diego; and the Naval Health Research Center. All participants
provided voluntary written informed consent. Data analysis was
conducted between November 25, 2013, and April 16, 2015.

All active-duty Marines planning to deploy with their units
were considered for study inclusion. Women were not in-
cluded since female Marines were not part of infantry battal-
ions at the time of testing.

Procedure
All participants from whom blood samples were drawn re-
ceived a nominal financial compensation. The predeploy-
ment test battery included a comprehensive evaluation of
demographic information, history, and current symptoms with
respect to military service; drug, alcohol, and tobacco use; psy-
chiatric conditions; head injuries; and psychological trauma.18

Blood samples were used to determine genetic-based ances-
try information (eMethods in the Supplement).21 The postde-
ployment test battery was similar in duration and included re-
evaluation of symptoms and psychological adjustment as well
as deployment-related occurrence of traumatic brain injury.

To measure HRV, participants were seated in quiet rooms
and a finger photoplethysmograph ([PPG] Pasco Scientific) was
placed on the nail of the right fifth finger. The PPG is an opti-
cal technique used to detect beat-to-beat blood volume changes
in microvascular tissue and was sampled at 1000 Hz (eMethods
in the Supplement).19 We elected to use a 5-minute at-rest PPG
reading because this method offers cost-effectiveness, rapid
implementation, and feasibility for screening large numbers
of people compared with electrocardiogram protocols. How-
ever, PPG is limited in that it cannot accurately detect respi-
ration rate and the time frame is not adequate to measure very
low frequency components of the spectral band.

Outcome Measurements
The PPG data were processed to generate HRV variables using
our group’s published methods.19 Frequency-domain HRV
measures were generated per the recommendations of the Task
Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology.22 The low-
frequency (LF) and high-frequency (HF) components and the
LF:HF ratio were examined (eMethods in the Supplement).

The Clinician-Administered PTSD Scale (CAPS)23 was used
to determine the presence of a PTSD diagnosis at the prede-
ployment and postdeployment (6-month) visits. The CAPS is
a structured interview and is considered the criterion stan-
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dard for ascertainment of a PTSD diagnosis using DSM-IV cri-
teria. Using CAPS responses, we categorized participants as
either not meeting or meeting criteria for PTSD at each of the
2 time points. Criteria were derived from the DSM-IV: at least
1 B symptom (traumatic event is persistently reexperienced),
3 C symptoms (persistent avoidance of trauma-associated
stimuli and numbing of general responsiveness), and 2 D symp-
toms (persistent arousal symptoms). Because we used a DSM-5
diagnosis approach with the CAPS, there was not a quantita-
tive criterion for a minimum CAPS score. The range of CAPS
scores for participants who met criteria for PTSD was 28 to 96;
the mean (SD) score was 61.91 (16.07).

Statistical Analysis
The LF, HF, and LF:HF ratio were positively skewed and natu-
ral log transformations were generated; such transforma-
tions are widely used in HRV research.12,13,24-27 After transfor-
mation, outliers greater than 3 SDs from the mean were
excluded from subsequent data analyses,28 and data were re-
inspected for normal distribution.

To assess the relationship between HRV before deployment
and PTSD at the postdeployment visit, multivariate logistic re-
gressions were conducted for each of the 3 HRV variables for the
MRS-I and MRS-II cohorts. The outcome variable was a compari-
son of participants who did not meet criteria for PTSD either be-
foreorafterdeploymentwithparticipantswhodidnotmeetPTSD
criteria before deployment but fulfilled diagnostic criteria for the
disorder after deployment. A summary measure of combat ex-
posure and deployment-related stressors was included as a co-
variate in the regression model since this factor is the strongest
causal predictor of combat-related PTSD. This factor was derived
from the Deployment Risk and Resilience Inventory (DRRI).29

Four DRRI subscales were combined into 1 composite score to
measure deployment stressors: Combat Experiences, Aftermath
of Battle, Deployment Concerns About Life and Family Disrup-
tions, and the Difficulty Living and Working Environments
(eMethods in the Supplement).

The MRS-I and MRS-II analyses were next subjected to a
fixed-effect meta-analysis to generate an overall effect size.
Power to detect a significant effect was calculated using the a
priori power analysis method within the logistic regression
module of G*Power, version 3.1.9.30

To determine whether HRV remained significant in the re-
gression model when accounting for other variables that have
been closely associated with HRV and/or PTSD in our19 and
others’11-13,31 findings, the HRV variable that achieved signifi-
cance in the primary regressions was reassessed in an addi-
tional multivariate logistic regression controlling for the fol-
lowing covariates: age, ancestry, battalion, CAPS total scores
at the predeployment visit, deployment-related traumatic brain
injury as defined by a self-report of a new head injury sus-
tained during deployment that was accompanied by either a
loss of consciousness or altered mental status, and DRRI scores.

PosthoccorrelationsbetweenHRVvariablesandclinicalvari-
ables were conducted using Pearson R correlation coefficients.
A substantial proportion of participants (464 of 2160 [21.5%]) had
a CAPS total score of zero at the postdeployment visit. Those par-
ticipants’ data were not included in the correlational analysis.

Significance levels were set at P < .02 (χ2 analysis) for the
primary regressions to account for multiple comparisons (3
HRV variables). Significance levels for the follow-up regres-
sion using the single HRV variable were set at P < .05. Effect
sizes were calculated when relevant (eg, odds ratios [ORs] for
regression analyses). Statistical analyses were conducted with
SPSS, version 20 (SPSS Inc), and R, version 2.15.3 (R Founda-
tion for Statistical Computing).

Results
The overall demographic composition of Marines and Sailors in
theMRShasbeenreported.18-20,32 Overall, theanalysessuggested
thatlowerHRVatthepredeploymentvisit,asmeasuredbyhigher
values of the LF:HF ratio, was associated with increased risk of
a PTSD diagnosis at the postdeployment visit. Participants with
high LF:HF ratios at the predeployment visit had a higher preva-
lence of PTSD after deployment than did participants with low
predeployment LF:HF ratios. Figure 1 presents the flow of par-
ticipants in both cohorts. Of the 1415 participants in MRS-I, 1356

Figure 1. Marine Resiliency Study (MRS)-I and MRS-II Participant Flow
Diagrams

MRS-I groupA

MRS-II groupB

2589 Assessed for eligibility

1174 Excluded

72

1010

92

Had PTSD before 
deployment

Missing postdeployment 
visit

Missing/artifact HRV 
data before deployment

1415 Used in analysis

1356 No PTSD before deployment 
or after deployment

59 New PTSD after deployment

1377 Assessed for eligibility

632 Excluded

50

498

84

Had PTSD before 
deployment

Missing postdeployment 
visit

Missing/artifact HRV 
data before deployment

745 Used in analysis

720 No PTSD before or after 
deployment

25 New PTSD after deployment

HRV indicates heart rate variability; PTSD, posttraumatic stress disorder.
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individuals (95.8%) who had valid HRV data at the predeploy-
ment visit and also attended the 6-month postdeployment visit
did not meet PTSD criteria at either visit, and 59 participants did
not meet criteria for PTSD before deployment but met the crite-
ria after being deployed (4.2% prevalence of postdeployment
PTSD). In the MRS-II cohort of 745 participants, 720 individuals
(96.6%) did not meet PTSD criteria at either visit, and 25 partici-
pants met the criteria for PTSD after deployment (3.4% preva-
lence of postdeployment PTSD). Demographic, military service,
and clinical data comparing MRS-I and MRS-II are found in
Table 1. Compared with MRS-I participants, those of the MRS-
II cohort were younger, with lower predeployment CAPS scores,
ahigherprevalenceofpriordeployment,moretimeelapsedsince
the use of nicotine and caffeine, and a higher self-report of
deployment-related stress (higher DRRI scores).

In MRS-I participants, the log-transformed LF:HF ratio was
significantlyassociatedwithmembershipinthePTSDgroupsuch
that higher LF:HF ratios at the predeployment visit were asso-
ciated with new PTSD cases after deployment (OR, 1.63; 95% CI,
1.14-2.34; P = .008) (Table 2) (analyses of shrinkage and perfor-
mance of the regression model are in the eMethods in the
Supplement). Neither the log-transformed LF (OR, 1.28; 95% CI,
0.92-1.73; P = .21) nor HF (OR, 0.91; 95% CI, 0.68-1.15; P = .54)
achieved statistical significance in the logistic regressions.

Regression with the log-transformed LF:HF ratio was re-
peated in MRS-II participants. In that analysis, the LF:HF ratio
was not statistically significant (OR, 1.20; 95% CI, 0.72-2.03; P =
.50) (Table 2). Power to detect a significant effect in the MRS-II
cohort was then calculated. Parameters used were the observed
OR (1.63) of the LF:HF ratio in MRS-I, observed mean (SD) of the
LF:HF ratio in MRS-I (0.36 [0.77]), no correlation between the LF:
HF ratio and other covariates, and a 5% probability of PTSD un-
der the null hypothesis of no effect of the LF:HF ratio. Power cal-
culations suggested that 964 participants would have been re-
quired in MRS-II to achieve 80% power to detect an effect of the
magnitude observed in MRS-I at P = .05. However, a meta-
analysis of the weighted β values for the LF:HF ratio regression
from both the MRS-I (OR, 1.63; 95% CI, 1.14-2.34) and MRS-II (OR,
1.20; 95% CI, 0.72-2.03) samples indicated that the LF:HF ratio
was a statistically significant predictor of PTSD (OR, 1.47; 95%
CI, 1.10-1.98; z = 2.57; P = .01) (Table 2). Figure 2 illustrates that
the prevalence of postdeployment PTSD was higher in MRS-I and
MRS-IIparticipantswithhigh(>2SDsabovethemean)predeploy-
ment LF:HF ratios (15.8% [6 of 38 participants]) compared with
participants who did not have high LF:HF ratios (3.7% [78 of 2122
participants]).

When all covariates were accounted for in the multivari-
ate logistic regression analyses for MRS-I participants, the log-
transformed LF:HF ratio retained statistical significance as a
predictor of PTSD group (OR, 1.57; 95% CI, 1.04-2.37; P = .03).
Parameter estimates of this regression are reported in Table 3.

The multivariate regression model with the log-transformed
LF:HF ratio was repeated in MRS-II participants. The LF:HF ra-
tio was not statistically significant, but the meta-analysis of
weighted β values for the MRS-I and MRS-II groups indicated that
the LF:HF ratio was a statistically significant predictor of PTSD
development (OR, 1.42; 95% CI, 1.02-1.98; z = 2.05; P = .04)
(Table 3). Additional exploratory multivariate logistic regressions

with the LF:HF ratio and each covariate in predicting PTSD in
MRS-I and MRS-II participants are presented in the eTable in the
Supplement.

Although some correlations between predeployment log-
transformed LF and HF and postdeployment CAPS scores
reached or approached statistical significance owing to the large
sample size, the variance in symptom severity predicted by
HRV was low (LF correlations with total CAPS: Pearson
r = −0.06, P = .03; CAPS Avoidance-Numbing: Pearson
r = −0.07, P = .02; and CAPS Arousal: Pearson r = −0.07, P = .02;
HF correlations with CAPS Avoidance-Numbing: Pearson
r = −0.08, P = .01 and CAPS Arousal: Pearson r = −0.06,
P = .04). Post hoc correlations between HRV and other vari-
ables are presented in the eMaterial in the Supplement.

Discussion
Previous cross-sectional studies11-13,19,31 repeatedly showed that
lower HRV, thought to reflect inflexibility in the ANS response,
is associated with PTSD. To our knowledge, the present study is
the first large-scale report of a modest association between HRV
before a potentially traumatic circumstance (in this case, com-
bat exposure) and subsequent development of PTSD. The asso-
ciation was not observed when examining HRV variables that pu-
tatively isolate sympathetic and parasympathetic components,
in contrast to previous findings of an association between lower
predeployment HF and predeployment PTSD in this MRS
sample.19 Although those results suggested that, in this cohort
of Marines, existing or chronic PTSD was most strongly associ-
ated with reduced parasympathetic activity, our present findings
imply a role for pretrauma sympathetic activation (relative to
parasympathetic activity) in influencing future vulnerability to
significant trauma symptoms after combat exposure–related de-
ployment. We did not observe meaningful correlations between
HRV measures and symptom severity. Heart rate variability may
not necessarily be associated with incremental changes in the se-
verity of PTSD symptoms but may be a factor in or a harbinger
for the development of the full syndrome and its associated ad-
verse functional consequences.

The origin of the lower HRV observed in participants who
eventually developed PTSD is unknown. A recent twin study13

suggested that lower HRV is not found in the unaffected twin of
veterans with PTSD and that low HRV is normalized with remis-
sion of PTSD symptoms. Taken together with the present results,
low HRV may reflect an at-risk state rather than a trait. Low HRV
may reflect the effects of environmental factors, perhaps recent,
that increase PTSD risk. For example, a heightened stress re-
sponse may contribute to the low HRV observed in the group that
eventually developed PTSD since sensitivity to anxiety has been
suggested as a PTSD vulnerability factor.33 Deployment history
was similar across groups, and this factor has not been strongly
associated with HRV in past studies.13 Nevertheless, it is possible
that the PTSD risk group was exposed to more intense combat
in previous deployments, or they may have experienced other
adverse events that rendered them at greater risk for eventual
development of PTSD. The results suggest that exposure to a
combat-related deployment may not substantially affect ANS
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function for all military personnel; rather, there may be individu-
als who are particularly vulnerable to the serious psychological
consequences of trauma. Resilience and vulnerability to PTSD
arecomplexandmultifactorialphenomena34 thatincludegenetic
inheritance risk factors,35,36 preexisting cognitive and psycho-
logical features,37 lifetime trauma exposure especially early in
childhood,38 and perhaps also perturbations in ANS regulation.
A recent review16 posits that lower HRV may constitute a vulner-
ability factor for development of PTSD, perhaps because
disrupted ANS function reflects perturbed cognitive and inhibi-
tory control of stress response systems. Disruption in the neu-
roendocrine system that governs the stress response, the

hypothalamic-pituitary-adrenal axis, may influence trauma vul-
nerability. The ANS is thought to play a role in the regulation of
stress responses via inhibition of the hypothalamic-pituitary-
adrenal axis by the vagus.39 Thus, relatively increased sympa-
thetic activation may reflect insufficient inhibition of the
hypothalamic-pituitary-adrenal axis, leading to dysregulation
of stress hormones and disruption of a normal stress response,
which may ultimately contribute to vulnerability to PTSD follow-
ing a traumatic event. Assuming that low HRV is associated with
core mechanisms of PTSD risk and is not an epiphenomenon, an
intriguing issue is whether PTSD risk can be decreased via meth-
ods intended to improve ANS function, such as biofeedback40

Table 1. Demographic and Descriptive Information for Participants in the MRS

Characteristic
MRS
Phase Mean (SD) [No.] Statistical Value

MRS-I, No. 1415

MRS-II, No. 745

Age, y I 22.4 (3.5) Mann-Whitney = 487 320.50;
P = .002

II 21.9 (2.8)

Ancestry, No. (%) I European American, 903 (63.8)
African American, 83 (5.9)
Hispanic/Native American, 253 (17.9)
Asian/other, 176 (12.4)

χ2 = 1.80; P = .62

II European American, 479 (64.3)
African American, 39 (5.2)
Hispanic/Native American, 145 (19.5)
Asian/other, 82 (11.0)

Prior deployment, No. (%) I 570 (40.3) χ2 = 21.76; P < .001

II 379 (50.9)

Time in the military before
deployment, mo

I 31.6 (35.1) Mann-Whitney = 522 321.50;
P = .61

II 29.4 (25.5)

AUDIT total score before
deployment

I 7.4 (6.6) Mann-Whitney = 520 056.50;
P = .92

II 6.9 (5.5)

Hours since caffeine use
before deploymenta

I 6.4 (6.3) [799] Mann-Whitney = 164 654.00;
P = .004

II 7.8 (7.2) [457]

Hours since nicotine use
before deploymenta

I 3.1 (3.8) [654] Mann-Whitney = 113 119.50;
P < .001

II 4.0 (4.5) [396]

CAPS total score

Before deployment I 13.0 (12.0) Mann-Whitney = 480 851.50;
P < .001

II 11.1 (10.8)

After deployment I 14.6 (16.4) Mann-Whitney = 503 461.00;
P = .05

II 15.3 (15.7)

Sustained TBI during
deployment, No. (%)

I 274 (19.4) χ2 = 0.07; P = .82

II 148 (19.9)

DRRI composite imputed
score after deploymentb

I −0.09 (0.79) Mann-Whitney = 481 285.00;
P < .001

II 0.01 (0.77)

Abbreviations: AUDIT, Alcohol Use
Disorders Identification Test;
CAPS, Clinician-Administered PTSD
Scale; DRRI, Deployment Risk and
Resilience Inventory, MRS, Marine
Resiliency Study; PTSD,
posttraumatic stress disorder;
TBI, traumatic brain injury.
a Calculated only in participants who

self-reported use of this substance
within 24 hours.

b Imputed composite score as
described in the eMethods in the
Supplement.

Table 2. Parameter Estimates for Multivariate Logistic Regressions Including the LF:HF Ratio in Predicting PTSD After Deployment

Characteristic

MRS-Ia MRS-IIb Meta-analysis

OR (95% CI) Wald χ2 P Value OR (95% CI) Wald χ2 P Value OR (95% CI) Wald χ2 P Value
DRRI after deployment 2.95 (2.15-4.09) 43.39 <.001 2.55 (1.50-4.43) 11.59 .001 2.84 (2.15-3.74) 54.75 <.001

LF:HF ratioc 1.63 (1.14-2.34) 7.07 .008 1.20 (0.72-2.03) 0.45 .50 1.47 (1.10-1.98) 6.60 .01

Abbreviations: DRRI, Deployment Risk and Resilience Inventory; LF:HF,
low-frequency to high-frequency ratio; MRS, Marine Resiliency Study; OR, odds
ratio; PTSD, posttraumatic stress disorder.
a The MRS-I cohort included 1356 participants without PTSD before and after

deployment and 59 individuals with PTSD after deployment.

b The MRS-II cohort included 720 participants without PTSD before and after
deployment and 25 individuals with PTSD after deployment.

c The LF:HF ratio was log transformed.
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and other interventions.41,42 For example, there is a promising
role for mindfulness-based interventions, particularly medita-
tion, in increasing HRV.43-45

The present study’s restriction to a young male group of
US military personnel limits its generalizability to other PTSD
populations. As our group19 has previously suggested, the as-
sociation between ANS function and trauma symptoms prob-
ably depends on the population and context of the traumatic
event. Furthermore, the LF:HF ratio, although widely used, has
been criticized for not always reflecting a robust and specific
measure of sympathetic to parasympathetic balance,46 par-
ticularly in situations when respiration is not accounted for,
as in the present study (eg, respiratory sinus arrhythmia47,48).
The assessment of many Marines in short time frames ren-
dered a brief PPG recording to be the most practical method

compared with longer recordings using electrocardiographic
Holter monitors plus respiratory bands. Thus, we could not as-
sess to what extent breathing rates may have moderated HRV.
No significant association was observed between postdeploy-
ment PTSD and other predeployment HRV indices (ie, the LF
and HF components); a small sample size for the PTSD group
certainly may have reduced the power to detect these poten-
tial associations. The MRS-I and MRS-II cohorts were some-
what heterogeneous (Table 1 and Figure 1), which is why we
conducted a meta-analysis instead of simply combining the 2
cohorts. Although the LF:HF ratio showed a similar effect size
in MRS-II, it did not reach statistical significance in that co-
hort, likely owing to low power. Finally, in contrast to studies
using 24-hour Holter monitoring recordings,11,13 we did not ob-
serve a linear relationship between predeployment HRV and
postdeployment PTSD symptoms. Previous studies11,13 dem-
onstrated cross-sectional—not longitudinal—correlations be-
tween HRV indices and PTSD symptoms. In the present study,
a 5-minute HRV sample may have been insufficient to ad-
equately capture an association between this relatively non-
specific physiologic measure and PTSD symptoms obtained
more than 1 year later. Integrated analyses of HRV with other
risk factors in this cohort (eg, markers of inflammation, fear
processing, and traumatic brain injury) will help to elucidate
the relative usefulness of this marker for predicting PTSD risk
in active-duty military members.18,20,32,49

Conclusions
This investigation provides initial longitudinal evidence that
ANS function may contribute to vulnerability and resilience
to PTSD along with known risk factors, such as combat expo-
sure and preexisting stress and trauma symptoms. If sup-
ported, this association sheds additional light on the inter-
play between complex biological systems and the psychological
and functional consequences of trauma and may provide new
opportunities for prevention.

Figure 2. Percentage of Marine Resiliency Study Participants
With Low (n=2122) vs High (n=38) Predeployment Low-Frequency
to High-Frequency (LF:HF) Ratios and Postdeployment Posttraumatic
Stress Disorder (PTSD)
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The LF:HF ratios were back transformed from natural log transformations.
Ratios greater than 6.7 represent values greater than 2 SDs from the grand
mean; χ2 analysis was used.

Table 3. Parameter Estimates for Multivariate Logistic Regressions Including the LF:HF Ratio and Additional Covariates in Predicting PTSD
After Deployment

Characteristics

MRS-Ia MRS-IIb Meta-analysis

OR (95% CI) Wald χ2 P Value OR (95% CI) Wald χ2 P Value OR (95% CI) Wald χ2 P Value
Deployment-related TBI 2.92 (1.42-6.03) 8.47 .004 4.67 (1.92-11.40) 11.48 .001 3.52 (2.01-6.17) 19.30 <.001

DRRI after deployment 2.37 (1.41-3.99) 10.53 .001 1.82 (0.99-3.32) 3.77 .05 2.12 (1.43-3.14) 13.87 .001

LF:HF ratioc 1.57 (1.04-2.37) 4.52 .03 1.18 (0.67-2.06) 0.33 .57 1.42 (1.02-1.98) 4.21 .04

Predeployment CAPS score 1.04 (1.02-1.06) 15.01 <.001 1.05 (1.02-1.08) 9.49 .002 1.05 (1.03-1.06) 24.40 <.001

Ancestryd NA 2.16 .54 1.67 .64 NA NA NA

Battaliond NA 2.04 .56 0.80 (0.32-1.99) 0.23 .63 NA NA NA

Age 0.95 (0.43-1.07) 0.63 .43 0.92 (0.76-1.13) 0.63 .43 0.94 (0.85-1.05) 1.18 .28

Abbreviations: CAPS, Clinician-Administered PTSD Scale, DRRI, Deployment
Risk and Resilience Inventory; LF:HF, low-frequency to high-frequency ratio;
MRS, Marine Resiliency Study; NA, not applicable; OR, odds ratio; PTSD,
posttraumatic stress disorder; TBI, traumatic brain injury.
a The MRS-I cohort included 1237 participants without PTSD before and after

deployment and 44 individuals with PTSD after deployment. Some MRS-I
participants were missing a full set of data for all covariates.

b The MRS-II cohort included 720 participants without PTSD before and after
deployment and 25 individuals with PTSD after deployment.

c The LF:HF ratio was log transformed.
d These variables included multiple levels (except for the MRS-II battalion,

with 2 levels), and the significance levels refer to an overall effect.

Research Original Investigation Predeployment Heart Rate Variability and Risk of PTSD in Marines

E6 JAMA Psychiatry Published online September 9, 2015 (Reprinted) jamapsychiatry.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a University of California - San Diego User  on 09/09/2015



Copyright 2015 American Medical Association. All rights reserved.

ARTICLE INFORMATION

Submitted for Publication: November 13, 2014;
final revision received April 24, 2015; accepted April
29, 2015.

Published Online: September 9, 2015.
doi:10.1001/jamapsychiatry.2015.0922.

Author Contributions: Drs Minassian and
Risbrough had full access to all the data in the study
and take responsibility for the integrity of the data
and the accuracy of the data analysis.
Study concept and design: Minassian, Baker,
Nievergelt, Geyer, Risbrough.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Minassian, Baker,
Nievergelt.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Minassian, Maihofer, Nievergelt.
Obtained funding: Baker, Nievergelt, Geyer,
Risbrough.
Administrative, technical, or material support:
Minassian, Baker, Geyer, Risbrough.
Study supervision: Minassian, Risbrough.

Conflict of Interest Disclosures: Dr Risbrough has
received research funding from Johnson and
Johnson, National Institutes of Health, Veterans
Administration Biomedical Laboratory Research
and Development, and the Department of Defense
in the past 3 years. Dr Geyer has received consulting
compensation from Abbott, Dart, Lundbeck,
Neurocrine, Omeros, Otsuka, and Sunovion in the
past 3 years, and he holds an equity interest in
San Diego Instruments. No other conflicts are
reported.

Funding/Support: This study was funded by the
following grants: project No. SDR 09-0128 (Drs
Baker, Geyer, and Risbrough) from the Veterans
Administration Health Service Research and
Development, the US Marine Corps (Drs Baker,
Geyer, and Risbrough), the US Navy Bureau of
Medicine and Surgery (Mr Maihofer and Drs Baker,
Nievergelt, Geyer, and Risbrough), the Naval
Medical Research Center's Advanced Medical
Development program (Naval Medical Logistics
Command Contract N62645-11-C-4037) (Drs Baker,
Nievergelt, Geyer, and Risbrough), Biomedical
Laboratory Research and Development Veterans
Administration Merit Award (Dr Risbrough), and
grants MH093500 (Mr Maihofer and Drs Baker,
Nievergelt, Geyer, and Risbrough) as well as
MH100351 and P30 DK079337 (Dr Nievergelt) from
the National Institutes of Health.

Role of the Funder/Sponsor: The funding
organizations approved the design and conduct of
the study but had no role in the collection,
management, analysis, and interpretation of the
data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript
for publication.

Group Members: The MRS-I and MRS-II team
members include authors and co-investigators
Dewleen G. Baker, MD (University of California,
San Diego and Veterans Affairs Center of Excellence
for Stress and Mental Health within the Veterans
Affairs San Diego Healthcare System), Mark A.
Geyer, PhD (University of California, San Diego),
Richard L. Hauger, MD (University of California,
San Diego and Veterans Affairs Center of Excellence

for Stress and Mental Health within the Veterans
Affairs San Diego Healthcare System), Mingxiong
Huang, PhD (University of California, San Diego and
Veterans Affairs San Diego Healthcare System),
Jennifer A. Murphy, PhD (Naval Center for Combat
and Operational Stress Control), Robert K. Naviaux,
MD, PhD (University of California, San Diego),
Caroline M. Nievergelt, PhD (University of
California, San Diego and Veterans Affairs Center of
Excellence for Stress and Mental Health within the
Veterans Affairs San Diego Healthcare System),
Victoria B. Risbrough, PhD (University of California,
San Diego and Veterans Affairs Center of Excellence
for Stress and Mental Health within the Veterans
Affairs San Diego Healthcare System), and Kate
Yurgil, PhD (University of California, San Diego and
Veterans Affairs Center of Excellence for Stress and
Mental Health within the Veterans Affairs San Diego
Healthcare System), as well as the administrative
core, Anjana Patel, BS, BA, Andrew De La Rosa, BS,
Patricia Gorman, BSc, DC, and members of the
Marine Resiliency Study Team, including logistic
coordinators, clinician interviewers, and data
collection staff listed in the MRS methods article.18

The contributors did not receive financial
compensation.

Additional Contributions: We acknowledge the
contributions of MRS-I and MRS-II coinvestigators
and the MRS HRV data collection staff as well as
members of the MRS team. We also thank the
Marine and Navy volunteers for military service and
participation in this study. We dedicate this article
to the memory of Daniel T. O’Connor, MD, who
played an integral part in this study and died during
the preparation of this manuscript.

REFERENCES

1. Dohrenwend BP, Turner JB, Turse NA, Adams BG,
Koenen KC, Marshall R. The psychological risks of
Vietnam for US veterans: a revisit with new data
and methods. Science. 2006;313(5789):979-982.

2. Hoge CW, Castro CA, Messer SC, McGurk D,
Cotting DI, Koffman RL. Combat duty in Iraq and
Afghanistan, mental health problems, and barriers
to care. N Engl J Med. 2004;351(1):13-22.

3. Seal KH, Bertenthal D, Miner CR, Sen S,
Marmar C. Bringing the war back home: mental
health disorders among 103,788 US veterans
returning from Iraq and Afghanistan seen at
Department of Veterans Affairs facilities. Arch
Intern Med. 2007;167(5):476-482.

4. Vieweg WV, Julius DA, Fernandez A,
Beatty-Brooks M, Hettema JM, Pandurangi AK.
Posttraumatic stress disorder: clinical features,
pathophysiology, and treatment. Am J Med. 2006;
119(5):383-390.

5. Nock MK, Stein MB, Heeringa SG, et al; Army
STARRS Collaborators. Prevalence and correlates of
suicidal behavior among soldiers: results from the
Army Study to Assess Risk and Resilience in
Servicemembers (Army STARRS). JAMA Psychiatry.
2014;71(5):514-522.

6. Goldberg J, Magruder KM, Forsberg CW, et al.
The association of PTSD with physical and mental
health functioning and disability (VA Cooperative
Study #569: the course and consequences of
posttraumatic stress disorder in Vietnam-era
veteran twins). Qual Life Res. 2014;23(5):1579-1591.

7. Boscarino JA. A prospective study of PTSD and
early-age heart disease mortality among Vietnam
veterans: implications for surveillance and
prevention. Psychosom Med. 2008;70(6):668-676.

8. Baker DG, Nievergelt CM, O’Connor DT.
Biomarkers of PTSD: neuropeptides and immune
signaling. Neuropharmacology. 2012;62(2):663-673.

9. Bilchick KC, Berger RD. Heart rate variability.
J Cardiovasc Electrophysiol. 2006;17(6):691-694.

10. Malik M, Camm AJ. Heart Rate Variability. New
York, NY: Futura Publishing; 1995.

11. Agorastos A, Boel JA, Heppner PS, et al.
Diminished vagal activity and blunted diurnal
variation of heart rate dynamics in posttraumatic
stress disorder. Stress. 2013;16(3):300-310.

12. Lee EA, Theus SA. Lower heart rate variability
associated with military sexual trauma rape and
posttraumatic stress disorder. Biol Res Nurs. 2012;14
(4):412-418.

13. Shah AJ, Lampert R, Goldberg J, Veledar E,
Bremner JD, Vaccarino V. Posttraumatic stress
disorder and impaired autonomic modulation in
male twins. Biol Psychiatry. 2013;73(11):1103-1110.

14. Tulloch H, Greenman PS, Tassé V.
Post-traumatic stress disorder among cardiac
patients: prevalence, risk factors, and
considerations for assessment and treatment.
Behav Sci (Basel). 2014;5(1):27-40.

15. Williamson JB, Heilman KM, Porges EC,
Lamb DG, Porges SW. A possible mechanism for
PTSD symptoms in patients with traumatic brain
injury: central autonomic network disruption. Front
Neuroeng. 2013;6:13.

16. Gillie BL, Thayer JF. Individual differences in
resting heart rate variability and cognitive control in
posttraumatic stress disorder. Front Psychol. 2014;
5:758.

17. Shaikh al arab A, Guédon-Moreau L, Ducrocq F,
et al. Temporal analysis of heart rate variability as a
predictor of post traumatic stress disorder in road
traffic accidents survivors. J Psychiatr Res. 2012;46
(6):790-796.

18. Baker DG, Nash WP, Litz BT, et al; MRS Team.
Predictors of risk and resilience for posttraumatic
stress disorder among ground combat Marines:
methods of the Marine Resiliency Study. Prev
Chronic Dis. 2012;9:E97.

19. Minassian A, Geyer MA, Baker DG, Nievergelt
CM, O’Connor DT, Risbrough VB; Marine Resiliency
Study Team. Heart rate variability characteristics in
a large group of active-duty Marines and
relationship to posttraumatic stress. Psychosom Med.
2014;76(4):292-301.

20. Yurgil KA, Barkauskas DA, Vasterling JJ, et al;
Marine Resiliency Study Team. Association between
traumatic brain injury and risk of posttraumatic
stress disorder in active-duty Marines. JAMA
Psychiatry. 2014;71(2):149-157.

21. Nievergelt CM, Maihofer AX, Shekhtman T, et al.
Inference of human continental origin and
admixture proportions using a highly discriminative
ancestry informative 41-SNP panel. Investig Genet.
2013;4(1):13.

22. Task Force of the European Society of
Cardiology and the North American Society of
Pacing and Electrophysiology. Heart rate variability:

Predeployment Heart Rate Variability and Risk of PTSD in Marines Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry Published online September 9, 2015 E7

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a University of California - San Diego User  on 09/09/2015



Copyright 2015 American Medical Association. All rights reserved.

standards of measurement, physiological
interpretation, and clinical use. Eur Heart J. 1996;17
(3):354-381.

23. Blake DD, Weathers FW, Nagy LM, et al. The
development of a Clinician-Administered PTSD
Scale. J Trauma Stress. 1995;8(1):75-90.

24. Koskinen T, Kähönen M, Jula A, et al.
Short-term heart rate variability in healthy young
adults: the Cardiovascular Risk in Young Finns
Study. Auton Neurosci. 2009;145(1-2):81-88.

25. Schapkin SA, Freude G, Gajewski PD, Wild-Wall
N, Falkenstein M. Effects of working memory load
on performance and cardiovascular activity in
younger and older workers. Int J Behav Med. 2012;
19(3):359-371.

26. Tsuji H, Venditti FJ Jr, Manders ES, et al.
Determinants of heart rate variability. J Am Coll
Cardiol. 1996;28(6):1539-1546.

27. van Zyl LT, Hasegawa T, Nagata K. Effects of
antidepressant treatment on heart rate variability in
major depression: a quantitative review.
Biopsychosoc Med. 2008;2:12.

28. Stevens J. Applied Multivariate Statistics for the
Social Sciences. Mahwah, NJ: Lawrence Erlbaum
Associates Inc; 1992.

29. King LA, King DW, Vogt DS, Knight J,
Samper RE. Deployment Risk and Resilience
Inventory: a collection of measures for studying
deployment-related experiences of military
personnel and veterans. Mil Psychol. 2006;18(2):
89-120.

30. Faul F, Erdfelder E, Lang A-G, Buchner A.
G*Power 3: a flexible statistical power analysis
program for the social, behavioral, and biomedical
sciences. Behav Res Methods. 2007;39(2):175-191.

31. Cohen H, Benjamin J, Geva AB, Matar MA,
Kaplan Z, Kotler M. Autonomic dysregulation in
panic disorder and in post-traumatic stress
disorder: application of power spectrum analysis of
heart rate variability at rest and in response to

recollection of trauma or panic attacks. Psychiatry
Res. 2000;96(1):1-13.

32. Eraly SA, Nievergelt CM, Maihofer AX, et al;
Marine Resiliency Study Team. Assessment of
plasma C-reactive protein as a biomarker of
posttraumatic stress disorder risk. JAMA Psychiatry.
2014;71(4):423-431.

33. Elwood LS, Hahn KS, Olatunji BO, Williams NL.
Cognitive vulnerabilities to the development of
PTSD: a review of four vulnerabilities and the
proposal of an integrative vulnerability model. Clin
Psychol Rev. 2009;29(1):87-100.

34. Neylan TC, Schadt EE, Yehuda R. Biomarkers
for combat-related PTSD: focus on molecular
networks from high-dimensional data. Eur J
Psychotraumatol. 2014;5:5.

35. Koenen KC, Duncan LE, Liberzon I, Ressler KJ.
From candidate genes to genome-wide association:
the challenges and promise of posttraumatic stress
disorder genetic studies. Biol Psychiatry. 2013;74
(9):634-636.

36. Almli LM, Fani N, Smith AK, Ressler KJ. Genetic
approaches to understanding post-traumatic stress
disorder. Int J Neuropsychopharmacol. 2014;17(2):
355-370.

37. Bomyea J, Risbrough V, Lang AJ. A
consideration of select pre-trauma factors as key
vulnerabilities in PTSD. Clin Psychol Rev. 2012;32(7):
630-641.

38. Ogle CM, Rubin DC, Siegler IC. The impact of
the developmental timing of trauma exposure on
PTSD symptoms and psychosocial functioning
among older adults. Dev Psychol. 2013;49(11):
2191-2200.

39. Weber CS, Thayer JF, Rudat M, et al. Low vagal
tone is associated with impaired post stress
recovery of cardiovascular, endocrine, and immune
markers. Eur J Appl Physiol. 2010;109(2):201-211.

40. Wahbeh H, Oken BS. Peak high-frequency HRV
and peak alpha frequency higher in PTSD. Appl
Psychophysiol Biofeedback. 2013;38(1):57-69.

41. Brown RP, Gerbarg PL. Sudarshan Kriya yogic
breathing in the treatment of stress, anxiety, and
depression: part I—neurophysiologic model.
J Altern Complement Med. 2005;11(1):189-201.

42. Streeter CC, Gerbarg PL, Saper RB, Ciraulo DA,
Brown RP. Effects of yoga on the autonomic
nervous system, gamma-aminobutyric-acid, and
allostasis in epilepsy, depression, and
post-traumatic stress disorder. Med Hypotheses.
2012;78(5):571-579.

43. Nijjar PS, Puppala VK, Dickinson O, et al.
Modulation of the autonomic nervous system
assessed through heart rate variability by a
mindfulness based stress reduction program. Int J
Cardiol. 2014;177(2):557-559.

44. Peressutti C, Martín-González JM,
García-Manso JM. Does mindfulness meditation
shift the cardiac autonomic nervous system to a
highly orderly operational state? Int J Cardiol. 2012;
154(2):210-212.

45. Peressutti C, Martín-González JM,
M García-Manso J, Mesa D. Heart rate dynamics in
different levels of Zen meditation. Int J Cardiol.
2010;145(1):142-146.

46. Eckberg DL. Sympathovagal balance: a critical
appraisal. Circulation. 1997;96(9):3224-3232.

47. Berntson GG, Bigger JT Jr, Eckberg DL, et al.
Heart rate variability: origins, methods, and
interpretive caveats. Psychophysiology. 1997;34(6):
623-648.

48. Kollai M, Kollai B. Cardiac vagal tone in
generalised anxiety disorder. Br J Psychiatry. 1992;
161:831-835.

49. Acheson DT, Geyer MA, Baker DG, Nievergelt
CM, Yurgil K, Risbrough VB; MRS-II Team.
Conditioned fear and extinction learning
performance and its association with psychiatric
symptoms in active duty Marines.
Psychoneuroendocrinology. 2015;51:495-505.

Research Original Investigation Predeployment Heart Rate Variability and Risk of PTSD in Marines

E8 JAMA Psychiatry Published online September 9, 2015 (Reprinted) jamapsychiatry.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a University of California - San Diego User  on 09/09/2015




