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Abstract

The presence of a persistent postconcussion symptom complex (PPCSC) was examined in a non-referred sample of
male veterans with a history of mild head injury and a comparison group without a history of head injury.
Hierarchical logistic regression procedures were used to determine possible predictors of PPCSC using variables
supported by previous research (i.e., preexisting psychiatric difficulties, demographic and social support variables,
and history of an accidental injurious event). Although PPCSC was common in all groups (23% of the total sample),
a significantly greater proportion of individuals in the mild head injury with loss of consciousness group (37.2%)
had PPCSC compared with three other groups (head injury without loss of conscioas2@486; motor vehicle

accident without head injury: 23%; and controk 17.3%). However, the most salient predictors of PPCSC were

early life psychiatric difficulties such as anxiety or depression, limited social support, lower intelligence, and
interactions among these variables. The predictive value of loss of consciousness was significant, but low (1.4% of
unique variance). The findings provide support for the premise that PPCSC is mediated in part by individual
resilience, preexisting psychological status, and psychosocial suppit§ 003,9, 1001-1015.)

Keywords: Brain concussion, Head injury, Minor, Neurobehavioral manifestations, Mental disorders, Social
support, Sequelae

INTRODUCTION toms collectively known as postconcussion syndrome (PCS).
. . This symptom complex typically involves ongoing com-
The Centers for Disease Control and Prevention (CDCPE)Iaints of headaches, dizziness, depression, irritability, fa-

.es.t'mate that 1.5 mlllg)SCA?elrg:gagTsSsur_vlvettr?uTgagg br_l"f‘r']ntigue, and cognitive difficulties, often without demonstrable
injuries every year ( . , >0sin et al., ) Structural changes to the brain (Eisenberg & Levin, 1989)
majority (.)f these are m_|Id_ heqd injuries (MHI) requiring or neuropsychological dysfunction (Dikman et al., 1986;
only a brief or no hospitalization (CDCP, 2002; GuerreroLevin et al., 1987b). However, the etiology of persistent

etal., 2000). Though “.‘O?t mdwujuals who experience MHIPCS symptoms, particularly in the absence of objective find-
completely recover within the first three months (Blnderirlgs remains controversial

etal., 1997), a significant minority continue to report dis-\y/. 12 o chosen the term persistent postconcussion symp-

tressing symptoms for months (Alves et al., 1993; Dikmentom complex (PPCSC) to describe this phenomenon be-

etal., 1986; Hartlage et al., 2001; Powell et al., 1996) Ofcause formal diagnostic criteria for PCS vary between the

years postinjury (Alexander, 1992; Deb et aI._, 1999; Hart'Diagnostic and Statistical Manual of Mental Disorders—4th
lage et al_., 2001). Fr_equently j[hese complamt_s_ involve %dition(DSM—lV; American Psychiatric Association, 1994),
constellation of physical, emotional, and cognitive SYMP-which requires neuropsychological evidence of attention or
memory difficulty, and thénternational Statistical Classi-
Reprint requests to: Rodney D. Vanderploeg, Ph.D., Psychology Serf!catlon of Disease and Related Hea.lth PrOblemS_loth.Edl_
vice (116B), JamesA. HaleyVeteréns’HospitaI,T’amp.a,.IY:L33612. E—mail:tlon (ICD_]-O; World Health Organization, 1992)’ which
Rodney.Vanderploeg@med.va.gov does not. In addition, the ICD-10 suggests that there may
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be hypochondriacal preoccupation, while the DSM-IV doessymptoms following a head injury reported very similar
not list that as a diagnostic criterion. However, the complexsymptoms as those subjects who had experienced a head
of symptom complaints is similar between the two classifi-injury (n = 100). Head injured subjects reported an average
cation systems. of 13.8 symptoms$D = 8.3) while the control group an-
Some researchers posit that PPCSC reflects subtle neurtieipated an average of 14.8 symptons(= 7.6). In terms
logical dysfunction typically beneath the threshold of rou-of poor coping, level of psychological distress has been
tine diagnostic procedures such as CT, MRI, and EEGound to be higher in head injured subjects with prolonged
completed shortly after injury (Hayes & Dixon, 1994; Miller, postconcussion symptoms compared to those with uncom-
1996; Povlishock & Coburn, 1989). Evidence for this prem-plicated recoveries despite average neuropsychological test
ise is supported by follow-up MRI scans on concussed infindings (Karzmark et al., 1995). Higher levels of self-
dividuals, which reveal alternations in the ventricular systenreported psychological distress have also been shown on
and white matter (Andersen & Bigler, 1995). Additional the Minnesota Multiphasic Personality Inventory (MMPI
support is found from animal model studies utilizing traceror MMPI-2; Butcher et al., 1989; Hathaway & McKinnley,
and immunocytochemical methods, and from human studi1983) as measured by group means on the Hysteria, Hypo-
ies of individuals who die from unrelated causes following chondriasis, and Depression Scales (Youngjohn et al., 1995).
a MHI. Post-injury observations in these cases show eviGoldberg and Gara (1990) and Youngjohn et al. (1995) re-
dence of neuronal axon stretching, but not typically severported that patients involved in a non-serious motor vehicle
ing (Grady et al., 1993; Povlishock & Coburn, 1989). Thisaccident (i.e., no head injury) with lingering psychiatric
type of axonal injury has been observed following nonin-distress typically clustered into groups with clinical fea-
vasive minor head injury as well (Jane et al., 1985), with atures of depression, post-traumatic stress disorder, diffi-
pathological cascade including swelling, cytoskeletal dis-culty adapting to pain, and PCS. Di Gallo et al. (1997) and
ruption, impairment in axonal transport, and chromatolysisBryant and Harvey (1999) also provide support that PPCSC
(Christman et al., 1994). Theoretically, axonal injury is partly reflects anxiety from the experience of an adverse
thought to be associated with the cognitive, emotional, an@&vent perceived as life-threatening (i.e., post-traumatic stress
behavioral symptoms associated with PCS (Hayes & Dixonresponse).
1994), while secondary neuroplastic changes such as com- Still other findings indicate that a neurogenic versus psy-
pensatory dendritic sprouting, reafferentation, and neuroehogenic conceptualization is insufficient to explain this
chemical changes would account for the post-traumatiperplexing phenomenon. Secondary gain or financial incen-
recovery period of typically 3 months (Elson & Ward, 1994; tive (Lees-Haley & Brown, 1993; Youngjohn et al., 1995)
Levin et al., 1987a). According to this model, persistentcan play a significant role in PPCSC. According to a meta-
symptoms may be the result of “less-than-optimal reafferanalytic review that included approximately 20 different
entation of traumatically damaged synaptic pathways . . samples, the effect of financial incentive on outcome fol-
mediating subtle but important aspects of cognition, emofowing MHI is quite large (effect size= .47; Binder &
tion, personality, and behavior” (Miller, 1996). Though Rohling, 1996). Furthermore, concomitant psychiatric dif-
limited, evidence of subtle neurophysiological and neuro-iculties such as depression and anxiety (Fann et al., 1995;
psychological alterations in patients with PPCSC can bdrahan et al., 2001) also appear to be important moderators
found in the literature. For example, Gaetz and Weinbergf this syndrome. Fann et al. (1995) examined the inci-
(2000) examined event-related potential response latenciekence of psychiatric disorders and postconcussion symp-
and amplitudes in 20 subjects with continued symptomgoms in a group of 50 outpatients seen consecutively at a
and a matched control group. Differences greater than 2.Brain injury rehabilitation center. Twenty-six percent of the
standard deviations were found on visual and auditory evenpatients had current major depression and 24% had current
related potentials in the symptomatic group compared witlgeneralized anxiety disorder; patients with psychiatric dis-
the control subjects. Also, Leininger and colleagues (1990prders reported more severe postconcussion symptoms and
reported neuropsychological sequelae in symptomatic pavere more functionally disabled. King (1996) reported that
tients up to 22 months following brief loss of consciousnessself-report measures of depression, anxiety, and stress com-
or a period of disorientation. pleted within one week of mild to moderate head injury
Conversely, others contend that symptoms are the resultere highly predictive of severity of post-concussion symp-
of psychological mechanisms such as expectations followtoms 3 months post-injury.
ing a MHI (Mittenberg et al., 1992), poor coping styles Though empirical support is limited, Alexander (1992)
(Bohnen et al., 1992; Marsh & Smith, 1995), or emotionalsuggested that factors apart from physiologic and psycho-
reactions to an adverse event (Bryant & Harvey, 1999). Fologic contribute to or lower the threshold for expression of
example, Mittenberg and colleagues (1992) found supponpostconcussion symptoms, or maintain or exacerbate the
for the notion that implicit beliefs regarding a set of symp- symptom complex over time, particularly with milder types
toms anticipated following a head injury account for per-of injury (e.g., emergency room GCS of 15 following a
sistent PCS. Soliciting expected symptoms using a 30-iterbrief loss of consciousness at the scene). These factors may
symptom checklist for postconcussion syndrome, they deminclude demographic variables, preexisting psychiatric dis-
onstrated that control subjects € 223) asked to imagine turbance, and post-injury environmental factors, all of which
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appear to have some relationship to PPCSC. For examplepmmunity-dwelling sample of male veterans, (2) to
Fenton and colleagues (1993) found female gender, oldezxamine the contribution of multiple factors—preexisting
age, and social difficulties to be associated with chronicgpsychiatric difficulties, demographic and social support vari-
symptoms. Santa Maria and colleagues (2001) reported ables, and history of an accidental injurious event—to the
similar gender effect. Preexisting psychiatric disturbanceresence of a PPCSC in such a sample, and (3) to examine
and psychosocial problems are often found in symptomatievhether the influence of variables predicting PPCSC differ
patients (Binder, 1997; Fenton et al. 1993; Greiffenstein &between a MHI sample and a non-head injured sample.
Baker, 2001; Robertson et al., 1994) and tend to complicate
recovery from MHI (Fann et al., 1995). Also, post-injury
environmental factors such as quality of social support andETHODS
environmental stress have been demonstrated to influence
PPCSC (Gouvier et al., 1992; Radanov et al., 1991; Wooghata
et al., 1984). In a recent study, Ponsford et al. (2000) iden-
tified psychiatric problems, stress level, and history of othefThe data utilized in the current investigation were that of
neurological problems including previous head injury asthe Vietnam Experience Study (Center for Disease Control,
salient predictors of the number of postconcussion symp1988a, 1988b). These data were collected in the mid-1980s
toms three months following MHI. as part of a study investigating the effects of the Vietnam
Adding to the controversy surrounding PPCSC is the laclexperience on veterans. The total sample consisted of 4462
of specificity of symptoms to MHI. Headaches, memory randomly selected male US Army veterans who served dur-
and concentration problems, dizziness, anxiety, irritabilitying the Vietham Era and who had (1) first entered the mil-
and fatigue are commonly seen in other populations. Hightary between January 1965 and December 1971, (2) been
rates of these symptoms have been documented in chronon active duty for at least 4 months, (3) served only one
pain patients (lverson & McCracken, 1997), medical pa-tour of duty, (4) obtained a military occupational specialty,
tients (Fox et al., 1995a), outpatients seeking psychologicand (5) achieved a pay grade no higher than E-5 (Sergeant)
treatment (Fox et al., 1995b), and non-head injured perupon discharge. Participants were flown from their city of
sonal injury claimants (Dunn et al., 1995). In fact, the baseesidence to a city in the southwestern United States for a
rates of these symptoms are relatively high in normal indi-3-day comprehensive evaluation involving extensive med-
viduals recruited for analog studies (Mittenberg et al., 1992jcal, psychological, and neuropsychological examinations.
Wong et al., 1994). Generally high base rates and lack of The medical evaluation included a 30-min structured med-
specificity of PPCSC symptoms to head injury per se makecal history questionnaire, a general physical, electrocardio-
identifying factors predictive of the persistence of symp-gram, nerve conduction velocity and pulmonary function
toms following MHI even more challenging. tests, as well as neurological, dermatological, audiology,
Interpretation of findings regarding PPCSC are furtherand visual examinations. Psychological evaluation in-
complicated by methodological issues. The vast majority ofvolved a semi-structured psychiatric interview and a self-
studies on this topic have used referred, symptomatic sulreport measure of psychological status. The purpose of the
jects (Gasquoine, 1997). Patients with ongoing complaintsnedical history questionnaire was to gather information re-
are more likely to seek treatment and compensation thagarding health-related events that may have occurred dur-
those in the general population of MHI, although the ma-ing the time interval from military discharge to study date,
jority of individuals who experience MHI do not seek treat- which was approximately 16 years post military discharge.
ment (Binder & Rohling, 1996). Because of these factorsQuestions pertaining to current physical (e.g., headaches,
the relationship between PPCSC and the natural recovemjizziness), emotional (e.g., depression, anxiety) and cogni-
from MHI is unknown. tive (e.g., memory and concentration problems) symptoms,
In summary, the premise that PPCSC is a complex phealong with past history of various medical disorders, were
nomenon mediated by multiple determinants (e.g., neurosurveyed.
logical and psychological factors, financial incentives, During the interview, participants were asked, among
demographic characteristics, preexisting or comorbid menmany others, the following three questions: (1) Since your
tal health conditions, environmental support, or co-existingdischarge from active duty, have you been injured in a mo-
environmental stressors) is supported by the literature. Howtor vehicle accident (MVA)? (2) Since your discharge from
ever, few studies have simultaneously examined the relaactive duty, have you injured your head (HI)? and (3) Did
tionship of these variables on PPCSC. Furthermore, thgou lose consciousness as a result of the head injury? If
vast majority of studies in this area have relied on clinicalparticipants were unclear if they had lost consciousness,
samples, which has limited generalizability to the generathey were asked if they had “blacked out” in the accident.
population of MHI. Identifying salient variables that exert Thus, loss of consciousness (LOC) included a disturbance
an influence on the presence PPCSC and its relationship tf consciousness or period of post-traumatic amnesia, not
the natural recovery from MHI requires the use of a non-just unconsciousness. Responses to these questions were
referred sample. The goals of this current study were: (1) téhe basis for the formation of four groups: No MYRNo Hl,
examine the prevalence of PPCSC in a non-referredMVA without HI, HI without LOC, and HI with LOC.
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Persistent Postconcussion Symptom Table 1. Criteria for determination of PPCSC and percentage

Complex (PPCSC) of subjects who met each criterion

The presence of a PPCSC was not overtly solicited in the %.Of
subjects

original data collection but was derived for the current study.
from questions pertaining to current symptoms posedCD-10: Three or more of the following criteria:

during the medical history interview and questionnaire. Ques- 1. Headache, dizziness, malaise, fatigue, noise ~ 44.8
tions whose content reflected various postconcussion symp- _ intolerance _ _ _ -

toms listed in the ICD—10 (World Health Organization, 1992) 2 !'ritability, depression, anxiety, emotional lability ~ 40.0
and the DSM—IV (American Psychiatric Association, 1994) 3. Subjective concentration, memory, or intellectual23.1

were selected. To illustrate, presence of headache was de-4 ?*Tgrﬂﬁ:;s 279
termined by a “Yes” response to, “During the past year Percentage of subjects who meet ICD-10 criteria 21.7

have you had unusually frequent or severe headaches?” )
from the medical history questionnaire. Similar interview DSM—IV: Three or more of the following symptoms:

questions were, “In the past six months have you had trou- ; E?St'c?:éired slee 221'749
ble concentrating?” or “In the past six months have you 3. Headache P 047
had trouble with your memory?” Answers on these latter 4' Dizziness 165
series of questions were based on a 4-point, frequency of g |iapility 28.5
occurrence scale (&_ never 1 = sometimes?2 = often 6. Anxiety, depression, or affective lability 27.5
3 = very ofter). Only items endorsed as occurring often or  percentage of subjects who met DSM—IV criteria 23.1
very often were considered to represent a current PPCSEercentage of subjects who met both ICD—10 18.1
symptom. and DSM-IV criteria

Three psychological PPCSC symptoms were not cov-
ered in the medical interview or questionnaire—fatigue,Note PPCSG= persistent postconcussion symptom complex. Sample size

depression and anxiety. Presence of these symptoms w#as 4328, and excluded participants who required hospitalization after
| their head injury, but included the 329 participants who met PPCSC

deter_mmed from_ responses on the Minnesota Mum'symptom-based classification criteria for either ICD-10 or DSM-IV PPCSC,
phasic Personality Inventory (MMPI; Hathaway & butnotboth. Those with missing data for one or more demographic, social

McKinley, 1983). Sadness or depression was determineglPport, early life psychiatric, or group classification variables of interest
“ . » In the current study were excluded.
from a true response to, “Most of the time | feel blue.
Anxiety was determined from a true response to, ‘I feel
anxiety about something or someone almost all the time.”
Fatigue was determined from a positive response to aResearch Participants
least two of the following three items: (1) “I do not
tire easily” (false); (2) “I feel weak all over much of the Of the original 4462 participants, 55 individuals who re-
time” (true); and (3) “I feel tired a good deal of the time” quired hospitalization following their head injury were ex-
(true). cluded from the current analyses in order to capture only
Individuals were classified as either satisfying subjec-those with minor or mild uncomplicated head injuries. An
tive symptom criteria for postconcussion syndrome foradditional 121 were excluded because they were missing
ICD-10 or DSM-IV. For the ICD-10 criteria, we adopted data for one or more variables of interest in the current
the Mittenberg and Strauman (2000) symptom classificastudy. Finally, 329 were excluded because they met
tion scheme. Table 1 presents the percentages of partickymptom-based classification criteria for either ICD-10 or
pants who met these various criteria. Because symptom3SM-IV PPCSC, but not both. This left a remaining sam-
were not overtly solicited but extracted from various mea-ple of 3957 for the prediction analysis. Of these, 2937 had
sures as described above, we selected a more stringembt experienced injury in a MVA or had a HI since military
classification for PPCSC for the regression analysis, namelyischarge (i.e., No MVANo HI group), 488 had experi-
requiring that both ICD-10 and DSM-IV subjective symp- enced an injury in a MVA but did not have a HI (i.e., MVA
tom criteria were met. As stated earlier, the term persistenvithout HI group), 323 had a HI without disturbance of
postconcussion symptom complex (PPCSC) was utilizedonsciousness (i.e., Hl without LOC group), and 209 had a
in this study instead of postconcussion syndrome. The latHI with disturbance of consciousness (i.e., HI with LOC).
ter requires neuropsychological evidence of attention or Demographic characteristics of these groups are pre-
memory difficulty (DSM-IV), and preoccupation with sented in Table 2. This sample represented quite well the
symptoms (ICD-10), as well as a documented history ofgeneral population of males from this cohort, as would be
head injury. Our objective was to examine this phenom-expected given that a military draft was essentially respon-
enon in community dwellers who either did or did not sible for the original selection process, from which the cur-
have a MHI. Thus, complete diagnostic criteria for PCSrent sample was randomly selected.
were not used in this study; just the subjectively reported Given that the evaluations were conducted approxi-
symptom complex. mately 16 years after military discharge, the adverse events
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Table 2. Demographic characteristics of the four subgroups

No MVA, MVA without Head injury Head injury
no head injury head injury without LOC with LOC
(n=2937) (n=488) (n=323) (n=209)
Characteristicl = 3957) M (SD) M (SD) M (SD) M (SD)
Age’ (in years) 38.50 (2.52) 38.27 (2.54) 38.00 (2.58) 37.86 (2.51)
Educatiort (in years) 13.46 (2.32) 13.13 (2.24) 12.97 (2.16) 12.77 (2.40)
Enlistment GTT Score 106.89 (20.58) 105.70 (19.64) 104.02 (20.13) 103.00 (19.90)
Current WAIS—R Information ACSS 10.21 (2.82) 9.98 (2.86) 9.82 (2.70) 9.64 (2.79)
Current WAIS-R Block Design ACSS 10.57 (2.61) 10.54 (2.71) 10.42 (2.74) 10.46 (2.80)
Race Percentages Percentages Percentages Percentages
White 82.7% 79.4% 80.6% 82.8%
African American 11.0% 14.4% 11.5% 11.2%
Hispanic 4.6% 4.6% 4.5% 4.2%
Other 1.7% 1.6% 3.3% 1.9%

Note GTT = General Technical Test. The GTT is verfmithmetic aptitude test administered at enlistment in the Army (Montague

et al., 1957). Results are reported in the same metric as a standard Intelligence Quotient (IQ) score with a mean of 100 and standard
deviation of 15. Current WAIS—R Information and Block Design ACSS refers to the age corrected scale score for these two subtests
of the WAIS-R at the time of the evaluation in the mid-1980he No MVA/No HI group is significantly different from the HI with

LOC group, no other groups differ significantBThere are no significant group differences.

(i.e., either MVA or HI) would, on average, have likely standard deviation of 15. The GTT has been shown to be a

occurred about 8 years prior to the evaluation. No data wereneasure of general intellectual ability; (Centers for Dis-

available on the severity of the HI other than the occurrencease Control, 1989). In the present data set the correlation

of a period of disturbed consciousness reported by 209 dbetween current GTT and current WAIS—R Information sub-

the participants and the fact that, although injured, no Hitest was .73; and the correlation between current GTT and

participant required overnight hospitalization for their in- the average of WAIS—R Information and Block Design sub-

juries. In addition, no data were available regarding severtests was .75.

ity of the MVA. However, 102 of the MVA without Hl

group (20.4%) reported hospitalizations for various frac-Ea“y life psychiatric difficulties

tures f = 53), internal injuries it = 21), contusionsi{ =

12), trunk injuries f = 7), or observationr{ = 9). Responses on the psychiatric Diagnostic Interview Sched-
ule, Version IlI-A (DIS-III-A; Robins et al., 1981) were
used to determine the presence of early life psychiatric dif-

Measures ficulties. The DIS-III-Ais a standardized questionnaire used

Variables thought to be or found to be associated with thd® 8ssess the prevalence of psychiatric disorders in the gen-
presence of PPCSC in previous research studies were sgf@l population. The instrument consists of modules that
lected from the Vietnam Experience Study data set. Foup® grouped together in diagnostic categories (e.g., anxiety,
domains were represented: (1) demographic factors (agg]ood, substance use). D|ag_noses on this version of the in-
education, race, and enlistment cognitive ability): (2) earlyStrument were made according to DSM-III (American Psy-
life psychiatric difficulties (i.e., prior to military enlist- chiatric Association, 1980), not DSM-IV, and were generally
ment); (3) current social support; and (4) history of an ac_cons@ergd to. represent “current” dlag'noses. Inclysmn of a
cidental injurious life event. graphic time line and redundant questions regarding age of
onset and duration within each DIS—III-A criterion scale
assists recall of whether a symptom or disorder began within
or before the asked-for time frame. The temporal compo-
Demographic variables included age, level of educationnent of these items is useful in determining both comorbid-
race, and level of intellectual ability at enlistment. Raceity and the presence of preexisting psychiatric problems
was coded White or Minority for the prediction analyses.(Shaffer etal., 1993). Early life psychiatric difficulties were
Level of premorbid intellectual ability was defined as per- conceptualized as being either internalizing problems (i.e.,
formance on the General Technical Test (GTT, Montaguenxiety, depression, mania, psychosis), or externalizing be-
et al., 1957) at time of military enlistment. The GTT is a haviors (i.e., conduct disorder and substance abuse) and
verbal/arithmetic aptitude test administered at enlistmentwere determined based on symptoms or disorders that were
in the Army and again at the time of data collection (cur-reported to have begun prior to the age of 20. In order to be
rent). Results are reported in the same metric as a standacthssified as having early life psychiatric problems a thresh-
Intelligence Quotient (IQ) score with a mean of 100 andold number of symptoms in each diagnostic category, typ-

Demographic variables
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ically representing a positive response of 50% or more of The demographic, early life psychiatric difficulties, so-
the items, was required. Thirty-three percent of the sampleial support, and accidental injurious life event variables
reported early life psychiatric difficulties. Of those who described above were entered as sets of predictor variables
reported early life psychiatric difficulties, 64% involved in the hierarchical logistic regression analyses. Subsets of
drug andor alcohol problems, 52% had conduct disorderpossible two- and three-way interactions were also selected
symptoms, 16% had anxiety related symptoms and 12% priori for examination. Variables were entered in blocks,
experienced depressive symptoms. Less than 3% reportedth the main effects entered first followed by the set of
problems with psychotic behavior or mania. Nearly 30% oftwo-way and then the set of three-way interactions. The
the sample endorsed early life externalizing problemsselected interaction variables are presented in Table 4. To
whereas only 7.4% endorsed early life internalizing prob-determine the unique contribution of each set of predictor
lems. Presence or absence of early life internalizing/and variables, each block was entered last relative to all other
externalizing problems were the variables used in regreshlocks of predictors. The change in variance associated with

sion analyses. the last step represents the unique contribution of that set of
predictors. This procedure was used to evaluate the unique
Satisfaction with social support contribution of the main effects prior to any interaction

effects, the unique contribution of the two-way interactions
Satisfaction with and ava||ab|l|ty of social Support were gver and above the main effects but prior to the three-way
determined by responses on two DIS—III-A items: “HOw interactions, and the unique contribution of the three-way
satisfied are you with the kinds of relationships you havejnteractions over and above all other predictors. Similarly,
with your family and friends” (¥ very satisfied2 = some-  the unique contribution of each specific variable within a
what satisfied 3 = somewhat dissatisfiecand 4= very  pjock was evaluated using an analogous procedure. The
dissatisfied; and, “In times of trouble, can you count on at statistic derived by McKelvey and Zavoina (1975) for esti-
least some of your family and friends?” €1 most of the  mating percentage of variance accounted for was used be-
time, 2 = some of the timeand 3= hardly eve). These  cause this statistic has been shown to most closely reflect

items were used to group participants into one of threghe exact variance accounted for under a variety of condi-
categoriesgood social support49.4% of the sample; very tions (DeMaris, 2002).

satisfied with support, and support was available most of

the time),average social support42.7% of the sample;

somewhat satisfied with support, and support was availablRESULTS

most or some of the time), amor social suppor(7.9% of ~ ppCcSC symptom cluster criteria were examined in those
the sample; dissatisfied with support, or support was hardlyarticipants who did not required hospitalization after a

ever available). head injury (= 4328). They may have met criteria for one
but not necessarily both ICD-10 or DSM—IV symptom sets
Accidental injurious life event for postconcussion syndrome (i.e., PPCSC). Approxi-

mately 23% of the sample met ICD-10 or DSM-IV subjec-
Analyses were conducted separately for two samples: thostﬁle symptom criteria for postconcussion syndrome (i.e.,
with and without head injury. Presence or absence of diSPPCSC). However, only 18% of the sample met postcon-
turbed consciousness was used as a predictor variable in th§<<ion subjective symptom criteria for both the ICD—10
analyses of the sample with a head injury, while presence OLnd the DSM—IV. Approximately 73% of the sample met
absence of an injurious MVA (excluding head injuries) Wasaither ICD-10 nor DSM—IV subjective symptom criteria

used as a predictor variable in the sample without heag, pcg The percentage of individuals who endorsed each

injury. symptom is shown in Table 1. Individual symptoms were
quite common, ranging from 16% percent of the sample
reporting dizziness to 29% of the sample reporting irrita-
bility (see bottom half of Table 1). Nearly 45% of the sam-
Differences among the groups were examined through analyle endorsed some combination of headache, dizziness,
sis of variance (ANOVA) and contingency table analysesmalaise, fatigue, or noise intolerance, while 40% endorsed
depending on the level of variable measurement. Grougome combination of irritability, depression, anxiety, or emo-
differences in presence of PPCSC and the likelihood otional lability.
exhibiting PPCSC were evaluated through contingency table Nextwe examined possible preexisting differences among
analysis and the resultant odds ratios. the groups that were used for all subsequent analyses (
Hierarchical logistic regression analyses were complete@957, now excluding those who met criteria for one but not
separately within the head injury sample and within theboth ICD-10 and DSM—IV symptom sets for postconcus-
sample without head injury. Examining predictors of out-sion syndrome). Table 2 shows subgroup characteristics.
comes in separate samples allows for evaluation of whetheFhe no MVA/no HI group was significantly older, more
a MHI population has unique or different predictors com-educated, and more intelligent than thiewith LOC group,
pared with the general population. p < .05 in all cases. However, these differences were quite

Data Analytic Strategy
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small (i.e., less than 1 year difference in age and educatiofactory. Individuals with low pre-injury cognitive abilities
and less than 4 1Q-equivalent points). No other demowere 1.8 times more likely to have PPCSC compared to
graphic differences among the groups were found. those with average pre-injury abilities, and 3 times more
Results of contingency table analysis showed significantikely to have PPCSC than individuals who had high pre-
group differences in the number of individuals with and injury cognitive abilities. Individuals with poor social sup-
without PPCSC {?(3, N = 3957)= 64.1,p < .001]. Fur-  port were about 1.8 times more likely to have PPCSC
ther analyses revealed that the HI with LOC group had acompared to those with average support, and 4.2 times more
significantly greater proportion of individuals with PPCSC likely to have PPCSC than individuals with good social
compared with each of the other groups< .05 in all  support. Similarly, individuals with a history of earlier life
cases. The no MVAno HI group had the lowest frequency. internalizing problems were 4.2 times more likely to have
The MVA without HI group and HI without LOC group did PPCSC than individuals without such a history. Finally,
not differ significantly from each another. Table 3 presentsthose with a history of LOC were 1.6 times more likely to
the percentage of subjects per group with PPCSC togethdrave PPCSC than those without.
with the odds ratios and 95% confidence limit intervals Figure 1 shows the nature of the significant interactions
relative to the no MVAno HI control group. As seen by the among predictor variables. Figure 1a shows the interaction
odds ratios, the HI with LOC group was 2.84 times morebetween premorbid intelligence and LOC in terms of PPCSC
likely to have PPCSC than the control group (no MVA status. Individuals with lower levels of intelligence and a

no Hl). history of LOC have the highest frequency of PPCSC, while
those with lower intelligence and no history of LOC have a
Predictors of PPCSC in the substantially lower level of PPCSC. With average to higher

levels of intelligence the frequency of PPCSC is similar
whether or not there is a history of LOC. This suggests that
The previously described hierarchical logistic regressiorthose with lower intelligence are particularly vulnerable to
procedure was used to determine which factors predictedeveloping PPCSC after a MHI with LOC.
PPCSC. The overall model was significant and accounted Figure 1b demonstrates the nature of the interaction be-
for 33% of the total variance in PPCSC statys (26, N = tween premorbid intelligence and level of social support.
532)= 137.85,p < .001]. As seen in Table 4, the largest Frequency of PPCSC increases as the level of social sup-
predictors in the model were demographic factors (9.2%)port decreases and as the level of premorbid intelligence
followed by early life psychiatric difficulties (6.3%), the set declines. However, those with average levels of intelli-
of two-way interactions (5.4%), and social support vari-gence show a differential benefit from good social support
ables (4.9%). Of the two early life psychiatric difficulties, and an enhanced vulnerability to PPCSC with poor social
internalizing problems accounted for the vast majority ofsupport. The effect of social support on PPCSC status is
the variance (4.9%). The experience of disturbed consciousnuch more linear in individuals with below or above aver-
ness in the HI accounted for a small but statistically signif-age levels of premorbid intelligence.
icant amount of unique variance (1.4%). Finally, Figure 1c demonstrates the nature of the inter-
Table 5 shows the odds ratios and presents an explicatiosction between premorbid internalizing psychiatric difficul-
of the salient predictor variables of PPCSC, after controlties and level of social support on PPCSC. A premorbid
ling for all other main predictor variables (i.e., excluding history of internalizing problems substantially increases the
the interaction terms). The presence of PPCSC was moreequency of PPCSC and level of social support has mini-
likely in individuals of lower intelligence, those who had mal effect. However, in those without a history of internal-
experienced internalizing early life psychiatric difficulties izing problems, social support plays a substantial role in
(e.g., anxiety, depression, mania, psychosis), and those wHRPCSC—with lower levels of social support being associ-
perceived their social support system as limited or unsatisated with dramatically increased frequency of PPCSC.

Head Injury Sample

Table 3. Percentage of subjects per group with PPCSC and associated odds ratios

Group
No MVA, MVA without Head injury Head injury
no head injur§  head injury without LOC® with LOCY
% with PPCSC 17.3% 23.0% 26.1% 37.2%
Odds ratios 1.0 1.43(1.14-1.80) 1.69 (1.30-2.20) 2.84 (2.12-3.80)

Note PPCSC= persistent postconcussion symptom complex. Percentages of PPCSC per group in
descending order: & c=b > a.
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Table 4. Variance in presence or absence of PPCSC explained by predictor variables

MHI sample Non-HI sample
(n=532) (n= 3425)
unique variance unique variance
Demographic variables collectively 9.2% 11.3%
Age (0.4%) (0.7%)
Education (0.2%) (0.8%)
Race (0.3%) (0.3%)
Enlistment GTT Score (3.3%) (3.5%)
Early life psychiatric difficulties collectively  6.3% 3.6%
Internalizing (4.9%) (1.9%)
Externalizing (0.9%) (1.5%)
Social support 4.9% 3.6%
Loss of consciousness (LOC) 1.4% n.a.
Injurious motor vehicle accident n.a. 0.1%
Two-way interactions 5.4% 1.2%
GTT X Internalizing (0.1%) (0.0%)
GTT X Externalizing (0.3%) (0.0%)
GTT X LOC (1.8%) (0.0%)
Internalizingx LOC (0.0%) (0.0%)
Externalizingx LOC (0.0%) (0.0%)
GTT X Social Support (1.2%) (0.8%)
InternalizingX Social Support (1.0%) (0.2%)
ExternalizingX Social Support (0.0%) (0.1%)
LOC X Social Support (0.5%) (0.0%)
Three-way interactions 0.1% 0.1%
LOC X InternalizingXx Social Support (0.0%) (0.1%)
LOC X ExternalizingXx Social Support (0.1%) (0.0%)
Total variance prior to interactions 27.5% 22.7%
Total variance including interactions 33.0% 23.9%
Shared variance among predictor variables 5.7% 4.0%

C.A. Luis et al.

Note Unique variance of each specific demographic, early life psychiatric, and interaction pre-
dictors is presented in parentheses. For the non-HI sample, interactions are with injury other than
head injury in a MVA rather than LOC. Text in italic print represents unique variables, which
account for at least one percent of variance in PPCSC.

PPCSC. Examination of the interactions revealed that no
interaction accounted for more than 0.7% of variance. In-
terestingly, a history of a non-Hl injurious accidental event,
For the sample without head injury, the overall logistic re-independent of social support and pre-injury mental health
gression model also was significant and accounted for 23.9%tatus, had virtually no effect on PPCSC status (0.1%
of the total variance in PPCSC statyg’[26,N = 3425)=  variance).

462.57,p < .001]. However, results of the binomial test of ~ Table 6 shows the odds ratios and presents an explication
proportions revealed that the total amount of variance exef the salient predictor variables of PPCSC in this sample,
plained by predictors in the MHI sample (33%) was signif- after controlling for all other main predictor variables (i.e.,
icantly higher than that explained in the sample withoutexcluding the interaction terms). Individuals with low cog-
head injury (23.9%, binomial test of proportign< .001).  nitive abilities were 1.8 times more likely to have PPCSC
As seen in Table 4, the largest predictors in the model wereompared to those with average pre-injury abilities and nearly
demographic factors (11.4%), followed by early life psy- 2.8 times more likely compared to individuals with high
chiatric difficulties (3.6%), and social support variables pre-injury abilities. This effect associated with premorbid
(3.6%). As in the sample with MHI, the presence of PPCSdntelligence is virtually identical to that seen in the sample
was more likely in individuals of lower intelligence and with MHI. The effect of social support is also very similar
those who perceived their social support system as limite@cross the two samples. In this sample without a history of
or unsatisfactory. However, unlike the findings within the Hl, individuals with poor social support were 2.9 times
sample with MHI, both internalizing and externalizing early more likely to have PPCSC compared to those with average
life psychiatric difficulties increased the likelihood of social support, and 4.3 times more likely than individuals

Predictors of PPCSC in the Sample
without Head Injury
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Table 5. Nature of the predictor variables of PPCSC in the mild head injury subsample

Adjusted odds
ratios and 95%

Predictor variable Nature and effect size of predictor confidence intervals
Enlistment GTT score Lower cognitive ability associated with greater PPCSC frequency

Low 1Q versusAverage 1Q 1.82 (1.05-3.16)

Low IQ versusHigh 1Q 3.02 (1.59-5.74)
Early Life Internalizing Problems Problems present associated with greater PPCSC frequency 4.22 (2.26-7.87)
Social Support Support Limited associated with greater PPCSC frequency

Poor Social SuppontersusAverage Social Support 1.75 (0.91-3.35)

Poor Social SupportersusGood Social Support 4.15 (2.01-8.59)
Disturbed consciousness (LOC) LOC history associated with greater PPCSC frequency 1.57 (1.03-2.39)

Note Low IQ = Enlistment GTT score of less than 96 (34% of the sample). Average EQlistment GTT score of 96—-114 (33% of sample). High#Q

Enlistment GTT score of 115 and above (33% of the sample). Odds ratios reflect the odds of having PPCSC, for the variables listed. With the exception
of the variable of interest, odds ratios are adjusted for all other factors: demographic (age, education, race, and enlistment GTT score); early life

psychiatric difficulties (i.e., prior to age 20); social support; and presence or absence of a LOC.

with good support. Also similar to the sample with MHI, imately 33% of the variance in PPCSC status in the sample
individuals with a history of earlier life internalizing prob- with MHI. In contrast, the same factors (with the exception
lems were 3.3 times more likely to have PPCSC than indi-of injurious motor vehicle accident instead of LOC) ac-
viduals without such a history. However, a history of earliercounted for substantially less variance in PPCSC in the
life externalizing problems also increased the likelihood ofsample without a HI (24%). These findings indicate a more
having PPCSC by 1.8 times over no history of externalizingrobust role of these variables in outcome following a MHI
problems. than in the general population. Lower levels of pre-injury
intellectual ability, early life emotional problems (e.g., de-
DISCUSSION p_ression, anxiety), and th_e perce_ption_ of generally poor so-
cial support were associated with higher frequencies of
The present investigation sought to (1) examine the prevaPPCSC in the MHI sample. Interestingly, the interactions
lence of PPCSC in a non-referred, community dwelling samdemonstrate important moderator relationships among the
ple of male veterans; (2) identify salient predictors of PPCS(oredictor variables in the sample with MHI that do not exist
in a MHI sample and a non-head injured control samplefor the sample without HI.
and (3) determine if the relationships among the chosen The association between lower level of cognitive ability
predictors were unique to MHI or similar to the generaland PPCSC is consistent with reports examining the rela-
population. First, the results showed that the presence of @onship between post-injury cognitive ability and long-
PPCSC is rather common. Depending upon which set oferm outcome. Higher levels of intellectual capacity have
criteria were used to define PPCSC (ICD~EIDSM-1V), been found to be associated with positive outcome post
up to 23% of the total sample had PPCSC. Even in thoskead injury (Novack et al., 2001). These findings are also
subjects who had experienced neither a MVA nor a HI, than accord with the notion that increased “cognitive re-
presence of PPCSC was over 17%. These findings providgerves” result in better outcomes (Satz, 1993; Stern, 2002).
additional evidence of the high base rates for these symgndividuals with MHI who have lower levels of premorbid
toms and are similar to those of other studies of normatognitive abilities were nearly twice as likely to have PPCSC
control subjects (Mittenberg et al., 1992; Wong et al., 1994)compared to those with average ability, and three times
and various samples of non-head injured medical patientsore likely than those with high premorbid intellectual abil-
(Fox et al., 1995a; Iverson & McCracken, 1997), mentality. The interaction between pre-injury intellectual ability
health outpatients (Fox et al., 1995b), and non-head injurednd LOC provides further evidence of the impact of “cog-
personal injury claimants (Dunn et al., 1995). nitive reserve” on outcome. In the MHI sample, those who
The results of contingency table analyses indicate thag¢xperienced LOC and who had lower pre-injury cognitive
persons who experience a MHI with LOC have a signifi- ability had the highest frequency of PPCSC. Conversely,
cantly higher prevalence of PPCSC than the various contrahe presence or absence of LOC had little impact on the
groups. However, the results of the logistic regression analyfrequency of PPCSC in individuals with average to high
ses demonstrate that a MHI with loss of consciousness igtellectual ability. Thus pre-injury cognitive ability ap-
only a small factor in predicting the presence of PPCS(pears to moderate outcome and those with low cognitive
(1.4% of unique predictive variance). Rather, multiple ability are the most vulnerable to PPCSC following MHI.
factors, including demographic, psychiatric, and social sup- The presence of PPCSC was also associated with limited
port variables and their interactions accounted for approxsocial support. Individuals with MHI who view their social
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Fig. 1. The nature of the significant interactions among predictor
variables of PPCSC. (A) The interaction between premorbid in-
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1992; Luis & Mittenberg, 2002; Ponsford et al., 2000;
Radanov et al., 1991) have previously been identified as
influential in outcome following mild head injury. The per-
ception of poor social support however, may well be the
result of PPCSC or other pre-injury variables such as inter-
nalizing emotional problems (see Figure 1c). Individuals
with emotional difficulties are generally less likely to de-
velop satisfactory social support systems. However, indi-
viduals with limited social support and no history of
internalizing emotional problems also have increased rates
of PPCSC compared to those with average to good social
support, albeit to a lesser degree than those with premorbid
emotional problems. Regardless of causal factors, there ap-
pears to be a relationship between persistent symptoms and
sub-optimal social support.

There also appears to be a complex relationship between
social support and cognitive ability. As shown in Figure 1b,
those with low cognitive ability and poor social support
were by far the most vulnerable to PPCSC, while those
with high intellect and poor social support had a much lower
frequency of PPCSC. Although speculative, it may be that
individuals with higher cognitive abilities develop more com-
plex coping systems, and thus, do not rely as heavily on
social support. For example, they may tend to be more self-
reliant and use more independent methods (e.g., reading
and other intellectual pursuits) as alternative or additional
coping mechanisms. Those with average cognitive ability
represented an intermediate group; these individuals tended
to have increased vulnerability to PPCSC when social sup-
port was poor but benefit from good social support as much
as those with high abilities.

One of the most robust associations was found between
PPCSC and early life internalizing problems, which uniquely
accounted for 4.9% of the variance. Those MHI individuals
with a history of depression, anxiety, mania, or psychosis in
young adulthood were over four times more likely to have
PPCSC. Again, these findings are similar to previous re-
ports on the moderating effects of current psychiatric diffi-
culties (Fann et al., 1995; Trahan et al., 2001) and pre-
injury emotional distress (Binder, 1997; Greiffenstein &
Baker, 2001; Robertson et al., 1994). However, to our knowl-
edge this is the first report examining the impact of early
life psychiatric problems on PPCSC and, thus, we were
able to extend existing findings in this area. In fact, this
finding is rather striking given that only a small portion of

telligence and LOC in terms of PPCSC status. (B) The interactior{he total sample (7.4%) reported such problems.

between premorbid intelligence and level of social support on

Although LOC accounted for only a small but significant

PPCSC status. (C) The interaction between premorbid internaliz2mount of the variance in PPCSC status, those MHI indi-
ing psychiatric difficulties and level of social support on PPCSC.Viduals who experienced some form of LOC were still nearly

3 times more likely to have PPCSC compared to those who
did not experience any injurious event, and about one and a

support as limited or unsatisfactory had a much higher ratdéalf times more likely than those with an injurious event
of PPCSC, nearly two times greater than those with averag€rable 3). However, as shown by the regression analysis,
social support and over four times that of those with goodhe relationship of LOC to PPCSC is complex and strongly
social support. The deleterious efforts of post-injury envi-influenced by pre-injury status (i.e., cognitive ability, emo-
ronmental factors such as poor social support (Wood et altjonal difficulties), environmental factors (namely, quality
1994) and increased psychosocial stress (Gouvier et alof social support), and the interaction among these vari-
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Table 6. Nature of the predictor variables of PPCSC in the non-head injured subsample

Adjusted odds
ratios and 95%

Predictor variable Nature and effect size of predictor confidence intervals
Enlistment GTT score Lower cognitive ability associated with greater PPCSC frequency

Low IQ versusAverage 1Q 1.84 (1.45-2.35)

Low IQ versusHigh IQ 2.77 (2.05-3.73)
Early life internalizing problems Problems present associated with greater PPCSC frequency 3.28 (2.39-4.49)
Early life externalizing problems Problems present associated with greater PPCSC frequency 1.78 (1.45-2.18)
Social support Support Limited associated with greater PPCSC frequency

Poor Social SuppontersusAverage Social Support 2.90 (2.14-3.93)

Poor Social SuppontersusGood Social Support 4.30 (3.13-5.90)

Note Low IQ = Enlistment GTT score of less than 96 (34% of the sample). Average EQlistment GTT score of 96—-114 (33% of sample). High#Q
Enlistment GTT score of 115 and above (33% of the sample). Odds ratios reflect the odds of having PPCSC, for the variables listed. With the exception
of the variable of interest, odds ratios are adjusted for all other factors: demographic (age, education, race, and enlistment GTT score); early life
psychiatric difficulties (i.e., prior to age 20); social support; and presence or absence of a LOC.

ables. Nevertheless, after controlling for these other variability of an individual, particularly when one’s reserves
ables, even within those individuals who had a MHI, thoseprior to injury are less than optimal, to cope or adapt; thus
with a LOC had a 60% higher risk for PPCSC, thus provid-increasing the likelihood of PPCSC.
ing evidence for a direct relationship between LOC and The current findings are consistent with other studies
PPCSC. (e.g., Ponsford et al., 2000) that have found numerous fac-
Within the non-head injured sample, the presence ofors influential in postconcussion symptoms. The results of
PPCSC was also more likely in individuals with lower pre- this study are most congruent with the multifactorial model
injury cognitive ability, limited or unsatisfactory social sup- recently proposed by Greiffenstein (2000). This model pos-
port, and a history of internalizing psychiatric problems. Inits that post-injury outcome is the final product of predis-
contrast to the MHI sample, externalizing early life psychi- posing, precipitating, and perpetuating factors. Predisposing
atric problems such as conduct disorder or substance abugsctors (e.g., early-life psychiatric difficulties, lower intel-
were also associated with PPCSC. Interestingly, a historiectual ability) represent an increased vulnerability to ad-
of non-HI injurious accidental event had virtually no pre- verse outcome following injury. Precipitating factors are
dictive ability on PPCSC, suggesting that a post-traumati@vents associated with the head injury or initial post-injury
emotional reaction is not a major factor in the persistencesymptoms (e.g., severity of head injury, medical informa-
of symptoms. Also, dissimilar to the MHI sample where tion provided post-injury). Perpetuating factors are circum-
interactions among predictor variables accounted for a sigstances that perpetuate the symptoms long after the initial
nificant amount of variance (5.4%) in PPCSC, interactiongrigger is gone (e.g., in this study possibly poor social sup-
have virtually no impact in the sample without head injury. port and the interactions among social support, pre-injury
Thus, MHI itself appears to be a moderating factor of theintelligence, early life psychiatric difficulties, and head in-
relationships among pre-injury cognitive reserve, social supjury severity, i.e., LOC).
port, and pre-injury internalizing psychiatric problems and

PPCSC. S
Limitations of the Current Study

General Conclusions Several factors limit the generalizability of this study. The
sample was entirely male. Also, because we relied on archi-
The persistence of PCS symptoms over months or yeargal data that were collected for another purpose, details of
following MHI has long been a subject of controversy with injury severity, time post onset, and compensation status
proponents on both sides of the neuroger@csuspsycho-  related to Hl are unknown. In addition, all information about
genic debate. The high rate of PPCSC following a self-HI was based on self-report unsubstantiated by other data.
reported MHI along with the relatively small predictive However, the head injuries in the current study were clearly
value of LOC found in this investigation provide evidence mild because no post-injury hospitalization was required,
that PPCSC is mediated to a large degree by individuaéven in an era of non-managed health care (1966—1986). It
resilience. Intellectual capacity, preexisting psychologicalis likely that reliance on self-report for head injury related
problems, social support, and interactions among these thréactors would increase random error and hence render it
variables play an important role and are more prominent irmore difficult to find reliable predictors of PPCSC. Thus,
the MHI population compared to the population at large.the current findings may reflect an underestimate of the
This suggests that even a MHI can adversely affect theelationships among these predictor variables. In contrast,
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an important advantage of these data is that the set of vari- It is also possible that co-existing or post-injury psycho-
ables was obtained in a non-clinic, non-referred, populationtogical disorder such as depression, anxiety, or PTSD, ei-
based randomly selected sample and without regard to Hher related to or independent of the injurious event, account
status. At the time of evaluation, participants could not havdor the PPCSC in the MHI sample. However, previous in-
known that their outcome data would ever be examined irvestigation (Curtiss & Vanderploeg, 2001) using these same
relation to HI. Therefore, the data likely are free of HI- data found no difference in somatization disorder, general-
attributable reporting bias. ized anxiety disorder, or combat-related PTSD among the
We sought to examine PPCSC following an uncompli-four groups (No MVA/No HI; MVA without HI; HI
cated MHI (i.e., minor to mild) as defined by a brief loss or without LOC; and HI with LOC) after controlling for de-
alteration of consciousness without associated hospitalizanographic, co-morbid medical conditions, and early life
tion. However MHI occurs on a continuum and presence of pre-injury) mental health problems. Although there was a
disturbed consciousness alone is not always the best predislight increase in prevalence of depression in the two head
tor of injury severity (Gronwall, 1989). Degree and dura- injured groups (adjusted odds ratios of 1.72 and 1.98 for the
tion of unconsciousness as well as length of post-traumatitil with and without LOC, respectively), the PPCSC psy-
amnesia (PTA), an important measure of severity of conehological symptoms of irritability, sadnegkepression, and
cussion (Alexander, 1992), were not available. It is conceivanxiety used in this study did not differ across the four
able that degree (i.e., disturbed consciousnassgoma), groups (Curtiss & Vanderploeg, 2001).
duration (secondgs. minutes), and length of PTAmay ex-  Finally, the multivariate analysis in the MHI sample ac-
ert a variable impact on PPCSC. counted for no more than a third of the variance in PPCSC
Another limitation is that the presence of early life psy- status, suggesting that other variables not evaluated in this
chiatric difficulties was determined retrospectively and anystudy need to be considered in future research. Factors such
post-injury assessment of pre-injury status is subject to inas gender, post-injury cognitive functioning, rehabilitation
accuracies. Although the authors of the DIS—III-A suggesinterventions, and compensation seeking status are avenues
this is a useful measure of determining preexisting psychifor further study.
atric disturbance (Shaffer et al., 1993), it is possible that In contrast to the limitations just described, this study is
distortions in recall of early-life psychiatric problems oc- unique in that it is the first, to our knowledge, to examine
curred. It should be noted, however, that the largest percenthe phenomenon of persistence postconcussion symptoms
age of difficulties reported by the current sample involvedin a non-referred MHI sample. Furthermore, these findings
drug- andor alcohol-related problems or conduct disordercould potentially have implications for the clinical manage-
symptoms. These findings are consistent with other studiesient and treatment of PPCSC. Though little can be done to
on premorbid personality characteristics in head injured peralter certain influential predisposing factors (i.e., level of
sons, suggesting that such behaviors place one at risk foriatellectual ability) or precipitating factors (i.e., accidental
head injury (Kolakowsky-Hayner et al., 1999; Robertsoninjury), other predisposing factors (i.e., pre-existing inter-
et al., 1994). nalizing problems) and perpetuating factors (i.e., poor so-
We also took a unique approach to defining PPCSC. Al<ial support) are amenable to intervention. Although further
though based on many ICD-10 and DSM-IV criterion for investigation is needed, effective pharmacological treat-
PCS, symptoms were determined by various questions exnent of early life symptoms of depression and anxiety that
tracted from the medical history interview or MMPI. PCS is have lingered into adulthood may potentially mitigate against
generally diagnosed by symptom checklists that seek to quamteveloping PPCSC following a MHI. In addition, limited
tify severity of symptoms (Miller & Mittenberg, 1998), his- social support and dissatisfaction with social support may
tory of head injury, neuropsychological evidence of attentiorbe attenuated by clinical intervention; the efficacy of social
or memory difficulty, and preoccupation with symptoms. All skills training has been demonstrated in other populations
these data were not available in this investigation. We at{Accordino & Herbert, 2000; Timmerman et al., 1998). Fi-
tempted to address this limitation by (1) using the concepnally, these results, in conjunction with other studies (Gou-
PPCSC rather than PCS (2) requiring that symptoms ocvier et al., 1992; Luis & Mittenberg, 2002; Ponsford et al.
curred “often” or “very often”; and (3) requiring that both 2000; Radanov et al., 1991; Wood at al., 1984), indicate
ICD-10 and DSM-I1V subjective symptom criteria be met. that clinicians should consider multiple factors including
Our objective was to examine this phenomenon in commuinnate ability, emotional status, and environmental factors
nity dwellers, both those who reported having a MHI severalwhen assessing and treating PPCSC.
years ago, as well as those who never experienced a head in-
jury. We did not distinguish between individuals reporting
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