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Abstract

Background. Unit cohesion may protect service member mental health by mitigating effects
of combat exposure; however, questions remain about the origins of potential stress-buffering
effects. We examined buffering effects associated with two forms of unit cohesion (peer-
oriented horizontal cohesion and subordinate-leader vertical cohesion) defined as either indi-
vidual-level or aggregated unit-level variables.
Methods. Longitudinal survey data from US Army soldiers who deployed to Afghanistan in
2012 were analyzed using mixed-effects regression. Models evaluated individual- and unit-
level interaction effects of combat exposure and cohesion during deployment on symptoms
of post-traumatic stress disorder (PTSD), depression, and suicidal ideation reported at 3
months post-deployment (model n’s = 6684 to 6826). Given the small effective sample size
(k = 89), the significance of unit-level interactions was evaluated at a 90% confidence level.
Results. At the individual-level, buffering effects of horizontal cohesion were found for PTSD
symptoms [B =−0.11, 95% CI (−0.18 to −0.04), p < 0.01] and depressive symptoms [B =
−0.06, 95% CI (−0.10 to −0.01), p < 0.05]; while a buffering effect of vertical cohesion was
observed for PTSD symptoms only [B =−0.03, 95% CI (−0.06 to −0.0001), p < 0.05]. At
the unit-level, buffering effects of horizontal (but not vertical) cohesion were observed for
PTSD symptoms [B =−0.91, 90% CI (−1.70 to −0.11), p = 0.06], depressive symptoms
[B =−0.83, 90% CI (−1.24 to −0.41), p < 0.01], and suicidal ideation [B =−0.32, 90% CI
(−0.62 to −0.01), p = 0.08].
Conclusions. Policies and interventions that enhance horizontal cohesion may protect com-
bat-exposed units against post-deployment mental health problems. Efforts to support indi-
vidual soldiers who report low levels of horizontal or vertical cohesion may also yield
mental health benefits.

Introduction

Service members who have deployed in support of combat operations are at risk of developing
post-traumatic stress disorder (PTSD), depression, and other mental health problems, with
vulnerability generally increasing with the degree of combat exposure (e.g. Hines, Sundin,
Rona, Wessely, & Fear, 2014; Hoge, Auchterlonie, & Milliken, 2006; Hoge et al., 2004;
Smith et al., 2008). Combat exposure has also been associated with suicide-related outcomes
(e.g. Bryan et al., 2015), which are of great concern to military leadership and society as a
whole. Identifying factors that buffer the effects of combat exposure can inform efforts to
reduce a range of mental health morbidities among service members.

One potential buffering factor is unit cohesion, or the ‘shared identity and mutually sup-
portive relationships’ that develop among members of the same military unit (Griffith,
2015, p. 99). Service members who report high unit cohesion exhibit fewer mental health pro-
blems including PTSD (e.g. Anderson et al., 2019; Jones et al., 2012; Kanesarajah, Waller,
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Zheng, & Dobson, 2016; Pietrzak et al., 2010), depression
(Anderson et al., 2019; Pietrzak et al., 2010), and suicidal ideation
(Anderson et al., 2019; Griffith, 2015; Kanesarajah et al., 2016;
Mitchell, Gallaway, Millikan, & Bell, 2012). However, few studies
have specifically investigated stress-buffering effects of unit cohe-
sion, and those that have done so have yielded mixed results
(Anderson et al., 2019; Armistead-Jehle, Johnston, Wade, &
Ecklund, 2011; Griffith, 2015; Mitchell et al., 2012).

The evidence linking unit cohesion to mental health outcomes
is also limited by the common practice of measuring and model-
ing cohesion at the individual level. Perceptions of cohesion cap-
tured by raw individual-level measures are likely influenced not
only by the cohesion of the respondent’s unit (a group character-
istic), but also by the respondent’s personality, mental health, and
idiosyncratic experiences within that unit (individual characteris-
tics). Without further analyses, the extent to which relationships
between raw measures of unit cohesion and mental health out-
comes are explained by individual v. group factors are unknown
and, consequently, the policy and intervention implications of
such associations remain unclear.

Mixed-effects modeling can disaggregate individual- and
group-level effects and yield more actionable findings. Here, the
use of mixed-effect models entails deriving group-level measures
of the constructs of interest and fitting a series of models to isolate
individual-level, unit-level, and cross-level interaction effects of
combat exposure and cohesion on mental health outcomes. An
individual-level interaction would signify that personal percep-
tions of cohesion, shaped by factors such as personality and idio-
syncratic experiences, moderate the effect of an individual’s
reported combat exposure on his or her mental health outcomes.
In contrast, a cross-level interaction would imply that a shared
group property of cohesion moderates the relationship between
an individual’s reported level of combat exposure and his or her
mental health outcomes. Finally, a pure unit-level interaction
would suggest that a shared group property of cohesion moderates
the relationship between a unit’s collective combat exposure and
the overall mental health outcomes of that unit.

Parsing effects in this manner is important because it provides
insight into the mechanisms underlying cohesion’s presumed buf-
fering effects and the level at which intervention should occur.
Significant cross- or unit-level interactions would imply that
group-level processes are key and suggest that policies or interven-
tions that enhance overall unit cohesion could help protect mem-
bers against adverse psychological effects of combat exposure. In
contrast, individual-level interactions would imply that individual
perceptions are primary and that risk mitigation programs should
target individuals who report low cohesion, irrespective of the
overall level of cohesion in their unit. To our knowledge, only
two prior studies have used mixed-effect models to evaluate cohe-
sion and mental health outcomes (Breslau, Setodji, & Vaughan,
2016; Griffith, 2015). While these provided important insights,
only one examined potential buffering effects (Griffith, 2015);
and neither sought to fully disentangle individual- and unit-level
effects of cohesion, which are inherently confounded in survey-
based measures.

Another concern is that prior studies have not consistently dif-
ferentiated two types of cohesion: bonds among peers (‘horizontal
cohesion’) and bonds between subordinates and leaders (‘vertical
cohesion’). Some studies have employed measures of unit cohe-
sion that simultaneously assess bonds with peers, leaders, and/
or the service branch as a whole (e.g. Anderson et al., 2019;
Breslau et al., 2016; Griffith, 2015). This approach may fail to

identify the unique effects of horizontal and vertical cohesion,
which can impact health outcomes in distinct ways (e.g. Browne
et al., 2008). Research parsing these constructs also has the poten-
tial to yield more specific recommendations for intervention (e.g.
policies to promote bonding of peers v. training programs for unit
leaders).

Given the limitations of existing literature, we sought to con-
duct a study that would provide further insights into cohesion’s
buffering effects and yield more specific actionable findings for
the US Army. Data were drawn from the Pre/Post-Deployment
Study (PPDS), a prospective component of the Army Study to
Assess Risk and Resilience in Servicemembers [Army
STARRS; (Ursano et al., 2014)]. The PPDS surveyed soldiers
shortly before, and at multiple points after, their deployment
to Afghanistan. By combining PPDS survey data with Army
administrative data, we developed individual- and unit-level
measures of horizontal cohesion, vertical cohesion, combat
exposure, and mental health outcomes. Using mixed-effects
modeling, we evaluated whether horizontal and vertical unit
cohesion during deployment buffered the effects of combat
exposure on symptoms of PTSD, depression, and suicidal idea-
tion assessed 3 months after return from deployment. By com-
paring the results of individual-level, cross-level, and unit-level
models, we examined whether any stress-buffering effects of
cohesion were attributable to differences in individual charac-
teristics or differences in units.

Method

The PPDS (Kessler et al., 2013; Ursano et al., 2014) is a multi-
wave panel survey of members of three Brigade Combat Teams
(BCTs) that deployed to Afghanistan in 2012 for an average of
10 months. Baseline (T0) data were collected 1–2 months before
the index deployment. Follow-up data were collected within 1
month of return from deployment (T1), and approximately 3
months (T2) and 9 months (T3) after return from deployment.
Respondents provided written informed consent to participate
in the surveys, and were asked separately for consent to link sur-
vey responses to their Army/Department of Defense administra-
tive records. Study procedures were approved by the Human
Subjects Committees of the Army STARRS collaborating
institutions.

At baseline, 9949 soldiers were present for duty in the 3 BCTs.
Online Supplementary Fig. S1 depicts the selection of participants
for the study. To be included, soldiers must have: participated in
the T1 and T2 surveys, consented to administrative data linkage at
T1 and T2, belonged to the same unit at T1 and T2, completed
items from the combat exposure and cohesion measures at T1,
and completed items for at least 1 of the 3 dependent variables
at T2. Available unit membership data consisted of de-identified
unit identification codes for each soldier’s ‘parent unit’ and
‘child unit’. Because the concept of unit cohesion is typically
applied to smaller groups (squads, platoons, companies) as
opposed to larger ones (battalions, brigades, divisions), we con-
strained the analytic samples to soldiers who belonged to child
units represented by between 10 and 299 soldiers (e.g. company-
sized units). There are three analytic samples, one for each
dependent variable: past-30-day depressive symptoms (n =
6712), past-30-day PTSD symptoms (n = 6684), and past-30-day
suicidal ideation (n = 6826). The soldiers included in each analytic
sample belonged to a total of k = 89 units.
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Measures

Unit cohesion
Six items from the PPDS T1 survey were considered appropriate
for measuring cohesion at both the individual and group levels.
These items were rated on Likert-style scales, which were con-
verted to scores ranging from 0 (strongly disagree) to 4 (strongly
agree). We derived 2 scales that measured horizontal cohesion
(2 items: I can rely on my battle buddy for help if I need it, I
can rely on other members of my unit for help if I need it) and ver-
tical cohesion (4 items: I can open up and talk to my first line lea-
ders if I need help, I respect the Non-Commissioned Officers in my
unit, I respect the Officers in my unit, My leaders take a personal
interest in the well-being of the Soldiers in my unit). Items for each
scale were selected based on face validity. The ratings of each set
of items were summed to yield a Horizontal Cohesion score (the-
oretical range = 0–8; Cronbach’s α = 0.79) and a Vertical
Cohesion score (theoretical range = 0–16; Cronbach’s α = 0.88),
with higher scores indicating a higher level of cohesion perceived
by the respondent. We then aggregated the Horizontal Cohesion
and Vertical Cohesion scores as unit-level averages for the 89
units in each of the three analytic samples (based only on data
from soldiers in that particular sample). The average intraclass
correlation coefficients [ICC(1)s] for Horizontal Cohesion and
Vertical Cohesion were 0.04 and 0.05, respectively, across the
three analytic samples. Values indicate that the measures of cohe-
sion demonstrated low (but not atypical) levels of clustering by
unit. The average ICC(2) values for Horizontal Cohesion and
Vertical Cohesion (0.76 and 0.80, respectively) indicate reliable
group-mean differences which facilitate detecting group-level
effects (Bliese, Maltarich, & Hendricks, 2018).

Combat exposure
The T1 survey contained 10 items adapted from the Deployment
Risk and Resilience Inventory (King, King, Vogt, Knight, &
Samper, 2006; Vogt, Proctor, King, King, & Vasterling, 2008)
and the Joint Mental Health Advisory Team 7 survey (Joint
Mental Health Advisory Team 7 (J-MHAT 7), 2011) that assessed
frequency of exposure to combat situations (e.g. During your
deployment, how many times did you … fire rounds at the
enemy or take enemy fire? … have members of your unit who
were seriously wounded or killed?). Two items assessing responsi-
bility for the death of a non-combatant and responsibility for the
death of US or ally personnel were excluded due to low incidence
(<2%). Responses to the remaining eight items were recoded 0/1
or 0/1/2 based on the optimal functional form in association with
mental health outcomes (for scoring details, see Campbell-Sills
et al., 2018). Item-level scores were then summed to quantify
overall combat exposure, with higher scores suggesting a higher
level of exposure (theoretical range = 0–9). The ICC(1) for
Combat Exposure was 0.34 in each of the analytic samples indi-
cating a high degree of clustering at the unit-level and the ICC
(2) was 0.98 indicating highly reliable group mean differences.

Demographic and service characteristics
Demographic and service-related variables were obtained from
administrative data linked to surveys at T1. Administrative data
were compiled from multiple databases provided by the Defense
Manpower Data Center; prior reports from the Army STARRS
Historical and Administrative Data Study provide the list of data-
bases (Kessler et al., 2017; Ursano et al., 2018). The covariates
included in the models were gender, age, race, education level,

marital status, age of entry to the Army, and years of Army
service.

Mental health outcomes
The T2 survey contained items adapted from the Composite
International Diagnostic Interview Screening Scales (CIDI-SC;
Kessler & Ustun, 2004), the civilian PTSD Checklist for
DSM-IV (PCL-C; Weathers, Litz, Herman, Huska, & Keane,
1993), and the Columbia-Suicide Severity Rating Scale (Posner
et al., 2011). We selected CIDI-SC items that corresponded to
items from validated dimensional measures of depression (e.g.
Kroenke, Spitzer, & Williams, 2001) to measure past-30-day
depressive symptoms (theoretical range = 0–36; Cronbach’s α =
0.88), PCL-C items to measure past-30-day PTSD symptoms (the-
oretical range = 17–85; Cronbach’s α = 0.94), and two items that
assessed past-30-day thoughts of suicide and wishing to be dead
(‘no’ to both items = 0; ‘yes’ to either item = 1) to construct the
3 dependent variables, respectively. Past 30-day PTSD symptoms
were rated in reference to ‘any stressful experience that ever hap-
pened to you.’

If responses were missing due to survey skip patterns, these
were assigned the null value and included in the analysis. For
the purpose of constructing the measure of depressive symptoms,
if more than one CIDI-SC item could be mapped onto a single
depression criterion (e.g. feeling tired out and easily fatigued),
the response indicating higher symptom severity was chosen.
The ICC(1)s for post-deployment PTSD symptoms, depressive
symptoms, and suicidal ideation were 0.03, 0.02 and 0.00, respect-
ively, with ICC(2) values of 0.69, 0.60, and 0.20. The ICC(1)
values (while low) are typical for mental health outcomes
(Bliese et al., 2018). The ICC(2) values are also relatively low
but do not preclude detecting meaningful group-level effects
(Bliese et al., 2018).

Data analysis

We conducted our analyses using the lme4 (Bates, Mächler,
Bolker, & Walker, 2015) and nlme (Pinheiro, Bates, DebRoy, &
Sarkar, 2019) packages in the R statistical software program.
Hypotheses were tested in two-level models with random inter-
cepts to account for clustering (Raudenbush & Bryk, 2002).
Level-1 in the analyses reflects individual soldiers nested within
units (level-2). Mixed-effects models are well-suited for evaluating
cross-level interactions when level-2 units differ with respect to
size (Raudenbush & Bryk, 2002), as in our sample. Models exam-
ining post-deployment PTSD and depressive symptoms were esti-
mated using linear mixed-effects models. In contrast, a
generalized linear mixed-effects model with a binomial link func-
tion was used to examine suicidal ideation because the outcome
was dichotomous.

We fit several models for each outcome to decompose the ori-
gin of the variance (individual-level, cross-level, or unit-level) for
interactions involving combat exposure and cohesion variables.
The Raw Interaction Model (e.g. Model 1.2 in Table 1) tests inter-
actions at the individual level where all variables (combat expos-
ure, horizontal/vertical unit cohesion, mental health outcomes)
reflect individual responses. The Cross-Level Interaction Model
(e.g. Model 1.3) tests whether an individual’s level of combat
exposure, relative to others in the same unit, interacts with his
or her unit’s average cohesion in predicting individual mental
health outcomes. In the cross-level interaction model, we group-
mean center (i.e.. demean) individual reports of combat exposure
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to obtain an unbiased estimate of level-1 slope (Hofmann &
Gavin, 1998). The Group-Mean Model (e.g. Model 1.4) examines
unit-level effects by examining whether the interaction of a unit’s
average combat exposure and average cohesion predicts unit-
average mental health outcomes. The Simultaneous Model (e.g.
Model 1.5) includes both the raw individual interaction and
the group–mean interaction terms. Note that parameters from
models with main effects at both levels (e.g. combat exposure as
both an individual rating and a unit estimate) have a clear
interpretation. For instance, when level-1 variables are in the
raw form, the level-2 parameter represents the difference
between level-1 and level-2 slope (Hofmann & Gavin, 1998). In
contrast, models with simultaneous interaction terms are
more complex and are simply used here to examine whether
effects persist when adjusting for effects at the other level
(Shaver, 2019).

It is important to note that the effective sample size for the
group-mean models is based on the number of units (k = 89)
rather than respondents (N = 6684 to 6826 based on the depend-
ent variable). As such, the standard errors for group-mean effects
will be much larger than individual-level standard errors, requir-
ing a substantially larger effect to reach statistical significance.
Thus, for group-mean models we interpret interaction effects as
significant at a 90% confidence level.

Finally, we ran a series of models that included pre-
deployment (T0) measures of the outcomes as controls. In add-
ition to providing a robustness check of our primary findings,
these models offer insight into whether the patterns we observed
with respect to understanding the key source of variance across
levels would generalize to models that explicitly examine change
over time. Sample sizes for these models were smaller (N =
5197–5311 based on the dependent variable) because some of
the soldiers that were included in the primary analysis had not
completed the measures at T0. For models evaluating buffering
effects found to be significant in the primary analysis, we used
one-tailed tests based on the expectation that the forms of the
relationships would be similar; two-tailed tests were used to evalu-
ate all other interactions involving the cohesion variables.

In sum, by contrasting results across a series of complementary
models, we can draw inferences about the sources of variance in a
complex multilevel situation where relationships at one level are
often mirrored at other levels (Bliese et al., 2018). In so doing,
we can gain theoretical and practical insights into whether effects

occurring at the individual-level are reflected in group means or
vice versa.

Results

The demographic and Army service characteristics of soldiers
included in the PTSD, depression, and suicidal ideation analyses
are presented in online Supplementary Table S1. The composition
of the three analytic samples was nearly identical. Soldiers in the
analytic samples were predominantly male (94%). Approximately
two-thirds were White (68%) and more than half were married
(56%). The majority had a high-school diploma and no college
education (73%), and had entered the Army between the ages
of 17 and 20 (58%). At the time of the PPDS T0 survey, most
were E4-E6 enlisted soldiers (71%) who were 21–29 years old
(65%) and had served in the Army for 3–10 years (68%).

Buffering effects of horizontal cohesion

The results of the models of post-deployment PTSD symptoms
are shown in Table 1.

Raw interaction model
Model 1.2 results show that the interaction between an individual
soldier’s level of combat exposure and his or her perceptions of
horizontal cohesion was significantly associated with PTSD symp-
toms [B =−0.11, 95% CI (−0.18 to −0.04), p < 0.01. A predicted
plot (Fig. 1a; dotted lines) shows that the relationship between
individual-level combat exposure and PTSD symptoms was atte-
nuated for individuals who perceived their units as having high
horizontal cohesion. As noted earlier, a limitation of this model
is that the interaction of raw scores can stem from either
individual- or group-level effects; thus, additional models were
fit to identify the source of variation underlying the interaction.

Cross-level interaction model
Model 1.3 results revealed that the cross-level interaction between
an individual’s combat exposure, relative to others in the same
unit, and his or her unit’s average horizontal cohesion was not
significantly associated with PTSD symptoms [B = 0.02, 95% CI
(−0.48 to 0.42), p = 0.93]. This suggests that the relationship
between a soldier’s individual reports of combat exposure and

Table 1. Effects of combat exposure and horizontal cohesion on post-deployment PTSD symptoms (N = 6684 soldiers in k = 89 units)

Model 1.1 Model 1.2 Model 1.3 Model 1.4 Model 1.5

Constant 28.44*** (3.24) 24.96*** (1.00) 22.43*** (3.76) 14.45† (7.85) 13.94† (7.89)

Combat exposure 1.45*** (0.08) 2.04*** (0.23) 2.06*** (0.24)

Combat exposure (group-mean centered) 1.29 (1.23)

Unit average combat exposure −0.28 (0.19) 6.78* (2.96) 5.09† (2.99)

Horizontal cohesion −1.00*** (0.07) −0.71*** (0.13) −0.72*** (0.13)

Unit average horizontal cohesion −0.18 (0.55) 0.32 (0.61) 1.11 (1.29) 1.90 (1.30)

Combat exposure × horizontal cohesion −0.11** (0.04) −0.10** (0.04)

Combat exposure (group-mean centered) × unit average horizontal cohesion 0.02 (0.20)

Unit average combat exposure × unit average horizontal cohesion −0.91† (0.48) −0.86† (0.48)

Note. Unstandardized regression coefficients reported (standard errors in parentheses). Models controlled for gender, age, race, education level, marital status, age of entry to the Army, and
years of Army service.
†p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.
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PTSD symptoms is not moderated by the average level of horizon-
tal cohesion in his or her unit.

Group-mean model
Model 1.4 examined the interaction between a unit’s average com-
bat exposure and average horizontal cohesion on unit-average
PTSD symptoms. The estimated slope [B = −0.91, 90% CI
(−1.70 to −0.11), p = 0.06] was substantially larger in absolute
magnitude than the estimate from the raw interaction model (B
=−0.11), and was significant at the 90% confidence level. A
plot based on predicted values (Fig. 1a; solid lines) shows that
the relationship between units’ average levels of combat exposure

and PTSD symptoms was attenuated in units with high levels of
horizontal cohesion.

Simultaneous model
Model 1.5 included combat exposure × horizontal cohesion inter-
actions at both levels. Both the individual-level [B =−0.10, 95%
CI (−0.17 to −0.10), p < 0.01] and unit-level [B =−0.86, 90% CI
(−1.67 to −0.06), p = 0.08] interaction effects remained signifi-
cant, but their magnitude was slightly attenuated relative to the
models that estimated these effects separately.

The results of the models of post-deployment depressive
symptoms are shown in Table 2.

Fig. 1. Illustration of the individual-level and unit-level interaction effects of combat exposure and horizontal cohesion on symptoms of PTSD (a) and depression (b)
at 3 months post-deployment. Dotted lines show the predicted levels of symptoms for individuals scoring 1 S.D. below the mean (gray line) and 1 S.D. above the
mean (black line) on the horizontal cohesion scale. Solid lines show the predicted unit-average symptom scores for units with average horizontal cohesion scores
that were 1 S.D. below the mean (gray line) and 1 S.D. above the mean (black line) for the 89 units represented in the analytic samples. At the individual level, low
combat exposure is defined as 1 S.D. below the mean and high combat exposure as 1 S.D. above the mean level of combat exposure reported by the soldiers in each
analytic sample. At the unit level, low combat exposure is defined as a unit-average combat exposure score 1 S.D. below the mean and high combat exposure as a
unit-average combat exposure score 1 S.D. above the mean combat exposure score for all 89 units. Estimates are based on Models 1.2 and 1.4 (a) and Models 2.2
and 2.4 (b). Subsequent models showed that both the individual- and unit-level interactions were unique predictors of post-deployment PTSD symptoms (a) and
depressive symptoms (b).
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Raw interaction model
Model 2.2 revealed that the interaction between an individual sol-
dier’s level of combat exposure and his or her perceptions of hori-
zontal cohesion was significantly associated with his or her
depressive symptoms [B =−0.06, 95% CI (−0.10 to −0.01), p <
0.05]. A predicted plot (Fig. 1b; dotted lines) shows that the rela-
tionship between individual reports of combat exposure and
depressive symptoms was attenuated for individuals who per-
ceived their units as having high horizontal cohesion.

Cross-level interaction model
Model 2.3 results show that the cross-level interaction between an
individual’s combat exposure, relative to others in the same unit,
and his or her unit’s average level of horizontal cohesion, was not
a significant predictor of depressive symptoms [B = −0.15, 95% CI
(−0.41 to 0.10), p = 0.23]. Results from this model suggest that the
relationship between a soldier’s individual reports of combat
exposure and depression is not moderated by the average level
of horizontal cohesion in his or her unit.

Group-mean model
Model 2.4 examined the interaction effect of a unit’s average com-
bat exposure and average horizontal cohesion on unit-average
depressive symptoms. The estimate of the slope [B =−0.83, 90%
CI (−1.24 to −0.41), p < 0.01] was substantially larger in absolute
magnitude than the raw estimate (B =−0.06). A predicted plot
(Fig. 1b; solid lines) shows that the relationship between units’
average levels of combat exposure and depressive symptoms was
attenuated in units with high levels of horizontal cohesion.

Simultaneous model
Model 2.5 included combat exposure × horizontal cohesion inter-
actions at both levels. Both the individual-level [B =−0.05, 95%
CI (−0.10 to −0.01), p < 0.05] and unit-level [B =−0.78, 90% CI
(−1.20 to −0.35), p < 0.01] interaction effects remained signifi-
cant, although both were slightly attenuated relative to the models
that estimated these effects separately.

The results of the models of post-deployment suicidal ideation
are shown in Table 3.

Raw interaction model
Model 3.2 results revealed that the interaction between an indivi-
dual’s combat exposure and perceptions of horizontal cohesion
was not associated with suicidal ideation [B =−0.01, 95% CI
(−0.04 to 0.03), p = 0.68]. The results suggest that the relationship
between a soldier’s individual reports of combat exposure and sui-
cidal ideation is not moderated by his or her perceptions of hori-
zontal cohesion.

Cross-level interaction model
Model 3.3 results showed that the cross-level interaction between
an individual’s combat exposure, relative to others in the same
unit, and his or her unit’s average level of horizontal cohesion,
was not associated suicidal ideation [B = 0.10, 95% CI (−0.12 to
0.31), p = 0.39]. Results from this model suggest that the link
between a soldier’s individual reports of combat exposure and sui-
cidal ideation is not moderated by the average level of horizontal
cohesion in his or her unit.

Group-mean model
Model 3.4 examined the interaction between a unit’s average com-
bat exposure and average horizontal cohesion. Results show that
the interaction was a significant predictor of unit-average suicidal
ideation at the 90% confidence level [B =−0.32, 90% CI (−0.62
to −0.01), p = 0.08]. A predicted plot (Fig. 2) shows that the rela-
tionship between a unit’s average levels of combat exposure and
suicidal ideation was attenuated in units with high horizontal
cohesion. However, because the results also suggested higher over-
all levels of suicidal ideation in units with higher cohesion
(as indicated by the significant main effect of unit-average hori-
zontal cohesion on suicidal ideation in Model 3.4), the results
are not entirely congruent with a stress-buffering interpretation.

Simultaneous model
Model 3.5 included combat exposure × horizontal cohesion inter-
actions at both levels. The estimates from the simultaneous model
were nearly identical to those from the models in which the
individual-level and unit-level interactions were estimated
separately.

Figure 3 provides a summary of the mixed-effects models used
to examine the interactive effects of combat exposure and hori-
zontal cohesion (a) and the results of those models (b).

Table 2. Effects of combat exposure and horizontal cohesion on post-deployment depressive symptoms (N = 6712 soldiers in k = 89 units)

Model 2.1 Model 2.2 Model 2.3 Model 2.4 Model 2.5

Constant 15.20*** (1.90) 12.13*** (0.63) 12.22*** (2.03) 1.97 (4.29) 2.49 (4.30)

Combat exposure 0.56*** (0.05) 0.88*** (0.15) 0.86*** (0.15)

Combat exposure (group-mean centered) 1.46† (0.78)

Unit average combat exposure −0.08 (0.12) 5.61*** (1.56) 4.75** (1.58)

Horizontal cohesion −0.98*** (0.05) −0.83*** (0.08) −0.84*** (0.08)

Unit average horizontal cohesion −0.33 (0.32) −0.64† (0.32) 0.78 (0.70) 1.57* (0.71)

Combat exposure × horizontal cohesion −0.06* (0.02) −0.05* (0.02)

Combat exposure (group-mean centered) × unit average horizontal cohesion −0.15 (0.13)

Unit average combat exposure × unit average horizontal cohesion −0.83** (0.25) −0.78** (0.25)

Note. Unstandardized regression coefficients reported (standard errors in parentheses). Models controlled for gender, age, race, education level, marital status, age of entry to the Army, and
years of Army service.
†p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

126 Laura Campbell‐Sills et al.

https://doi.org/10.1017/S0033291720001786 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291720001786


Buffering effects of vertical cohesion

Analogous models evaluated whether vertical cohesion moderated
the relationships between combat exposure and post-deployment
symptoms of PTSD (online Supplementary Table S2), depression
(online Supplementary Table S3), and suicidal ideation (online
Supplementary Table S4). The Raw Interaction model of PTSD
symptoms revealed that the relationship between individual
reports of combat exposure and PTSD symptoms was attenuated
for individuals who perceived high vertical cohesion (B = −0.03,
p < 0.05; Model 2.2S). None of the other interactions involving
vertical cohesion was statistically significant.

Accounting for pre-deployment symptoms

To evaluate the robustness of our results, we also examined
whether horizontal and vertical cohesion moderated the relation-
ships between combat exposure and post-deployment symptoms
of PTSD, depression, and suicidal ideation, controlling for pre-
deployment (T0) levels of these outcomes. Consistent with the
primary findings, the models revealed individual-level interaction

effects of combat exposure and horizontal cohesion on PTSD
symptoms (B =−0.07, one-tailed p < 0.05; online Supplementary
Table S5, Model 5.2S) and depressive symptoms (B =−0.05, one-
tailed p < 0.01; online Supplementary Table S6, Model 6.2S).
Group-mean models also showed unit-level interaction effects of
combat exposure and horizontal cohesion on PTSD symptoms
(B =−0.76, one-tailed p = 0.07; online Supplementary Table S5,
Model 5.4S) and suicidal ideation (B = −0.31, one-tailed p =
0.09; online Supplementary Table S7, Model 7.4S), which were
significant at a 90% confidence level with slope values in the
same direction as those in the main analysis. Additionally, a
robust buffering effect of horizontal cohesion was observed in
the group-mean model of depressive symptoms (B =−0.65, one-
tailed p < 0.01; online Supplementary Table S6, Model 6.4S).
None of the other interactions involving horizontal cohesion
was statistically significant.

With respect to vertical cohesion, the individual-level inter-
action effect of combat exposure and vertical cohesion on PTSD
symptoms failed to replicate when T0 PTSD symptoms were
included as a control (B = 0.00, p = 0.96). The other interactions
involving vertical cohesion were also non-significant.

Table 3. Effects of combat exposure and horizontal cohesion on post-deployment suicidal ideation (N = 6826 soldiers in k = 89 units)

Model 3.1 Model 3.2 Model 3.3 Model 3.4 Model 3.5

Constant −4.70*** (1.37) −1.97*** (0.49) −5.13* (2.08) −9.95** (3.29) −9.98** (3.34)

Combat exposure 0.04 (0.04) 0.11 (0.10) 0.06 (0.11)

Combat exposure (group-mean centered) −0.56 (0.69)

Unit average combat exposure 0.06 (0.09) 2.09† (1.15) 2.08† (1.17)

Horizontal cohesion −0.20*** (0.04) −0.16* (0.06) −0.19** (0.07)

Unit average horizontal cohesion 0.06 (0.09) 0.38† (0.21) 1.11* (0.53) 1.31* (0.55)

Combat exposure × horizontal cohesion −0.01 (0.02) 0.00 (0.02)

Combat exposure (group-mean centered) × unit average horizontal cohesion 0.10 (0.11)

Unit average combat exposure × unit average horizontal
cohesion

−0.32† (0.18) −0.32† (0.19)

Note. Unstandardized regression coefficients reported (standard errors in parentheses). Models controlled for gender, age, race, education level, marital status, age of entry to the Army, and
years of Army service.
†p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

Fig. 2. Illustration of the unit-level interaction effect of
combat exposure and horizontal cohesion on unit-average
suicidal ideation at 3 months post-deployment. The plot
shows the predicted unit-average rate of suicidal ideation
for units with average horizontal cohesion scores that
were 1 S.D. below (low; gray line) and 1 S.D. above (high;
black line) the mean horizontal cohesion score for all 89
units. Estimates are based on Model 3.4. At the unit
level, low combat exposure is defined as a unit-average
combat exposure score that is 1 S.D. below the mean
and high combat exposure as a unit-average combat
exposure score that is 1 S.D. above the mean combat
exposure score for all 89 units.
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Discussion

The current study provides evidence that unit cohesion buffers
effects of combat exposure on post-deployment mental health.
Our analysis was novel in that it prospectively examined interaction
effects of combat exposure and unit cohesion, differentiated between
horizontal (peer-to-peer) and vertical (subordinate-to-leader) cohe-
sion, and utilized methods that disaggregated individual- and
unit-level effects. Results suggest that cohesion among peers in a
military unit, as well as individual factors that influence perceptions
of horizontal and vertical cohesion, operate to protect soldiers from
some of the adverse psychological effects of combat.

At the unit level, the buffering effects of horizontal cohesion
were found for all three outcomes: PTSD symptoms, depressive
symptoms, and suicidal ideation. However, the buffering effects
of unit-level horizontal cohesion were strongest for post-
deployment depression, even when pre-deployment unit-average
depression was controlled. Interpersonal mechanisms have been
theorized as central to the development and maintenance of
depression (Markowitz & Weissman, 2004; Panzarella, Alloy, &
Whitehouse, 2006); and evidence suggests that social support
may protect against depression in particular by increasing positive
reinforcement and coping processes that may be disrupted in
mood disorders (Carvalho & Hopko, 2011). Consistent with
this theoretical framework and empirical evidence, our analysis
suggests that strong bonds among peers in a military unit may
protect combat-exposed units from depression during the post-
deployment period.

Overall, the unit-level results imply that policies and interven-
tions that enhance horizontal cohesion may protect unit-wide
mental health. It is not entirely clear why interactive effects

involving group means were greater in magnitude than interactive
effects involving individual-level perceptions. Among potential
theoretical mechanisms, evidence suggests that social support
may buffer impacts of stress on mental health by providing inter-
personal sources of emotion regulation (Marroquin, 2011) as well
as external feedback to counteract maladaptive thinking (Liu,
Kleiman, Nestor, & Cheek, 2015). Perhaps units with high hori-
zontal cohesion provide an environment that benefits members
broadly, regardless of whether a specific unit member actually
perceives the unit as cohesive. Future studies could evaluate the
effects of policies and interventions that promote horizontal cohe-
sion, to determine whether these lead to improved mental health
of units following combat deployments and other major stressors.
Routine surveys of horizontal cohesion may also be worthwhile, as
these assessments could identify units that might benefit from
efforts to strengthen peer support and bonding.

Interestingly, we found no buffering effects of unit-level verti-
cal cohesion. While our results did not demonstrate that bonds
between subordinates and leaders mitigate the psychological
effects of combat exposure, it is important to note that other evi-
dence suggests that leaders play important roles in promoting the
mental health of their units (e.g. facilitating care for mental health
concerns; Hom, Stanley, Schneider, & Joiner, 2017). It is also pos-
sible that more fine-grained measures of vertical cohesion might
reveal buffering effects. For instance, Bliese, Adler, and Castro
(2011) reported cross-level interaction effects involving platoon-
level perceptions of junior officer leadership and combat exposure
on PTSD symptoms, where the buffering effects were unique to
shared perceptions of officers. This finding suggests that buffering
effects involving vertical cohesion may depend on the type of unit
leader (i.e. officers v. NCOs).

Fig. 3. Summary of analytic models and results of
analyses of the interactive effects of horizontal cohe-
sion and combat exposure. The statistical interaction
between horizontal cohesion and combat exposure
was examined in a series of models (a), which varied
based on the levels at which cohesion and combat
exposure were considered (i.e. group or individual).
Results of each model of PTSD symptoms, depressive
symptoms, and suicidal ideation are shown in (b). X =
not statistically significant. ✔ = statistically significant;
due to a large discrepancy in effective sample size for
individual-level (ns = 6684 to 6826) and unit-level (k =
89) models, alpha was set at p < 0.05 for raw inter-
action and cross-level models and at p < 0.10 for
group-mean models.
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At the individual level, our analysis revealed buffering effects
of horizontal cohesion (for PTSD and depressive symptoms)
and vertical cohesion (for PTSD symptoms only); however, the
size of these effects was modest. Nevertheless, the individual-level
results suggest that combat-exposed soldiers who personally view
high levels of horizontal or vertical cohesion may be protected
from mental health difficulties, irrespective of the overall levels
of horizontal and vertical cohesion in their units. Efforts to help
soldiers who perceive low cohesion to bond with peers and lea-
ders may be beneficial, and are supported by the broader literature
linking perceived social support to the physical, mental, and social
well-being of service members (Brooks & Greenberg, 2018; Keane,
Marshall, & Taft, 2006; Nock et al., 2013).

Results of this study must be considered in light of several
limitations. First, the cohesion and depression scales were devel-
oped for this study and have not been validated against estab-
lished measures. The PTSD measure captured past 30-day
symptoms related to any stressful experience in the respondent’s
life, and the survey did not permit differentiation of symptoms
related to events experienced during the index deployment v.
events experienced before or after that deployment. Future stud-
ies could investigate the effects of cohesion on PTSD symptoms
attributed to events that occurred while the unit was deployed.
Second, the study outcome measures were not available at T1
(upon return from deployment); thus, we did not fit models
that controlled for T1 levels of PTSD symptoms, depression,
and suicidal ideation. However, we were able to incorporate T0
measures of PTSD symptoms, depression, and suicidal ideation,
which allowed us to test the robustness of our primary results
and evaluate buffering effects of cohesion on change in symp-
toms from pre- to post-deployment. Future studies should also
incorporate information about mental health during deploy-
ment, to investigate the effects of cohesion on post-deployment
adjustment.

Third, the results may not generalize to Army units with dif-
ferent characteristics (e.g. units comprised of Reserve/Guard
members) than the units surveyed in the PPDS. The size of
units included in the study varied considerably, and we had inad-
equate power to examine whether buffering effects of horizontal
and vertical cohesion varied based on unit size. Fourth, cohesion
variables were measured upon return from deployment, which we
assume predominantly captured soldiers’ impressions of cohesion
during deployment. However, cohesion during the weeks and
months after return from deployment may also affect mental
health during the post-deployment period; this is an important
avenue for future study. Finally, group cohesion is not static,
and future studies should aim to incorporate information about
changes in cohesion over time (e.g. across the deployment
cycle) and how such changes relate to mental health outcomes.

In conclusion, we found that horizontal cohesion buffers
effects of combat exposure on mental health and that effects are
strongest when modeled as shared unit properties. Units
that faced more combat in Afghanistan, but also had strong hori-
zontal cohesion, exhibited lower average levels of PTSD and
depressive symptoms after return from deployment than simi-
larly-exposed units with low horizontal cohesion. The association
between a unit’s average combat exposure and suicidal ideation
was also attenuated in units with high horizontal cohesion.
Additionally, individual soldiers who perceived high horizontal
cohesion (regardless of their unit’s overall level of
horizontal cohesion) were less susceptible to PTSD and depressive
symptoms following high combat exposure, although individual-

level buffering effects were substantially weaker than the corre-
sponding unit-level effects. Individual soldiers who perceived
strong vertical cohesion were also slightly less suceptible to
post-deployment PTSD symptoms. In terms of practical implica-
tions, our findings provide guidance for efforts to reduce the men-
tal health burden of soldiers who deploy in support of combat
operations. Efforts to support combat-exposed soldiers who
report low horizontal or vertical cohesion may help reduce
post-traumatic stress and depression. Moreover, policies and
interventions that strengthen cohesion among peers may promote
resilience of the unit as a whole. Routine monitoring of horizontal
cohesion at the unit level, and further development and evalu-
ation of programs designed to enhance bonds between soldiers,
may help prevent adverse mental health outcomes following com-
bat exposure.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291720001786.
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