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Objective: Previous studies suggested that low total cholesterol was associated with external mortality,
including deaths from suicide, homicide, and accidents. However, this reported association was poten-
tially confounded, since cholesterol was also reported to be associated with alcohol abuse, anti-social per-
sonality disorder, and other risk factors for external mortality.
Method: We examined external-cause mortality among a national sample of 4462 male, US veterans at
baseline in 1985. Using Cox regressions to estimate survival time, we assessed the impact of low baseline
total cholesterol 6165 mg/dl, age, race, intelligence, BMI, alcohol abuse, anti-social personality disorder,
depression, and other factors at follow-up. Study follow-up continued until December 31, 2000. A total of
55 external mortalities occurred during this �16-year period.
Results: Multivariate Cox regressions predicting external-cause mortality suggested that three predictor
variables were significant: low total cholesterol, morbid depression, and anti-social personality disorder,
with hazard ratios (HRs) of 1.97 (p = 0.046), 1.76 (p = 0.043), and 2.22 (p = 0.006), respectively. In addi-
tion, a significant interaction was detected for low cholesterol �morbid depression (p < 0.005), whereby
those with both at baseline were �7 times more likely to die from external mortality (HR = 6.5, 95%
CI = 3.07–13.76).
Conclusion: Among a national random sample of community-based men, lower baseline cholesterol pre-
dicted external mortality and revealed an interaction with morbid depression. Patients presenting with
low cholesterol and morbid depression in clinical practice may warrant clinical attention and
surveillance.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

In the 1990s, epidemiologic investigations suggested that low
cholesterol levels were associated with external mortality, includ-
ing deaths from suicide, homicide, accidents, and injuries of un-
known cause (Lindberg et al., 1992; Muldoon et al., 1990).
During the following decade and a half, different investigators have
replicated these findings (Diaz-Sastre et al., 2007; Favaro et al.,
2004; Garland et al., 2000; Golier et al., 1995; Kunugi et al.,
1997; Schuit et al., 1997), although there have been negative find-
ings reported (Deisenhammer et al., 2004). In terms of a causal
mechanism to explain this association, it was hypothesized that
reductions in cholesterol may cause a decrease in serotonergic
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functioning, which in turn may result in poorer suppression of
aggressive behaviors (Engelberg 1992; Fiedorowicz and Coryell,
2007; Schuit et al., 1997). More specifically, it has been suggested
that low membrane cholesterol decreases serotonin, and since cel-
lular membrane functions are dependent on cholesterol, a lowered
plasma cholesterol concentration was thought to result in de-
creased brain serotonin availability (Engelberg 1992; Schuit et al.,
1997). Although the exact reasons for this association are unclear
(Lalovic et al., 2007a), a recent postmortem study of suicide compl-
eters has found that the frontal cortex of violent suicide completers
had lower cholesterol concentrations compared to non-violent sui-
cide cases in the orbital-frontal and the ventral prefrontal cortex
(Lalovic et al., 2007b). It has been noted, however, that since cho-
lesterol is integral to neuronal functioning and neurotransmission,
additional biological mechanisms are also likely involved
(Marcinko et al., 2007).

The consistency of the association between low cholesterol and
suicide has been sufficiently replicated as to suggest that this bio-
marker might be a candidate measure for suicidality (Coryell and
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Schlesser, 2007). This association has also led to clinical concerns
related to the risks associated with use of cholesterol-lowering
drugs (Huffman and Stern, 2007; LaRosa et al., 2007), which to date
have not been confirmed (Muldoon et al., 2001). Nevertheless, re-
cently, the US Food and Drug Administration announced that it
would require drug makers to routinely assess the possible psychi-
atric effects of experimental medicines, including the onset of sui-
cidal thoughts (Harris, 2008). It has also been reported that
increased depression symptoms, a risk factor for suicide, were also
correlated with lower cholesterol (Morgan et al., 1993), suggesting
the potential for confounding in this association. Some have noted
that the association between cholesterol and suicidal behavior was
more complex than originally hypothesized (Lalovic et al., 2007a).
For example, it has been reported that higher body mass index was
protective of suicide risks in men (Mukamal et al., 2007). In addi-
tion, it has been suggested that a psychological mediator between
suicidal behavior and low cholesterol was impulsivity (Garland
et al., 2000), a personality trait thought to be associated with ge-
netic and environmental factors (Goldman et al., 2005). In addition,
alcohol abuse was reported to be associated with lower total cho-
lesterol (Budzynski et al., 2003), and this substance use disorder
was often correlated with both anti-social personality disorder
and suicide (Gorwood, 2001).

To better understand the association between low cholesterol
and suicide we undertook a prospective 16-year follow-up study
of external-cause mortality among men. In this study, we assessed
the impact of cholesterol, intelligence, depression, alcohol abuse/
dependence, schizophrenia, posttraumatic stress disorder (PTSD),
anti-social personality disorder, impulse-control disorder, psycho-
logical hostility, body mass index, and social support on external-
cause mortality among middle-age men. Our hypothesis was that
the association between low cholesterol and external mortality
could be chiefly explained by these other factors. To our knowl-
edge, no study has assessed these risk factors in a single national
population study.
2. Methods

2.1. Study population

The current study was based on a random sample of men who
served in the US Army during the Vietnam War era. The men were
identified through the National Personnel Records Center (St. Louis,
MO). From these persons, 18,581 met the study criteria, including:
entering the military between 1965 and 1971, serving one enlist-
ment, and having a service rank of sergeant or lower. These men
were randomly selected (by a computer program) from data tapes
that essentially contained all service personnel from this period
(Centers for Disease Control, 1989a,b). Participants were classified
as TVs (theater veterans) if they served in Vietnam or as EVs (era
veterans) if they served elsewhere. Starting in January 1985, at-
tempts were made to complete telephone interviews with these
men. From these efforts, 87% of TVs (7924) and 84% of the EVs
(7364) were interviewed (overall completion rate = 86%). Among
these men, a random sample was selected for personal interviews
and examinations. Altogether, 75% of the TVs (N = 2490) and 63% of
the EVs (N = 1972) participated in this phase. A detailed non-re-
sponse analysis reported no significant differences between partic-
ipants and non-participants in the baseline study (Centers for
Disease Control, 1989a,b). Personal interviews and examinations
required several days on site at Lovelace Medical Foundation
(LMF), Albuquerque, NM, between June 1985 and September
1986. More detailed reports regarding this study have been pub-
lished and are available elsewhere (Boehmer et al., 2004; Centers
for Disease Control, 1989a,b,c). The CDC’s Human Subject Review
Committee approved the study protocols (Centers for Disease Con-
trol, 1989a,b).

2.2. Ascertainment of external-cause mortality

For the current study, vital status was assessed from the date of
completion of the telephone interviews starting in January 1985
until the end of the mortality follow-up in December 31, 2000. Vi-
tal status was ascertained using three databases: the Department
of Veterans Affairs Beneficiary Identification Record Locator Death
File, Social Security Administration Death Master File, and the Na-
tional Death Index (NDI) Plus file (Boehmer et al., 2004). Status
determination was obtained by combining all mortality sources.
Veterans with uncertain vital status were assumed to be living
on December 31, 2000. Underlying cause-of-death was obtained
from the NDI Plus file. Cause-of-death was coded according to
the International Classification of Diseases (ICD) revision in place
at the time of death (Centers for Disease Control, 1989a; Boehmer
et al., 2004). For cases in which cause-of-death codes were not
available, investigators obtained copies of official death certifi-
cates, which were coded by a nosologist at the National Center
for Health Statistics (Boehmer et al., 2004). In the current study,
the outcome of interest included mortality due to external-causes,
which included homicide, suicide, drug overdoses, accidental poi-
soning, unintended injury, and injury of unknown cause. It is noted
that in our study we use the term ‘‘external mortality” to be synon-
ymous with death from unnatural causes (Boscarino, 2006). During
the follow-up period, a total of 55 deaths were classified as due to
external-causes. Among these, 14 (25%) were classified as suicide,
11 (20%) as homicide, and 2 (4%) classified as intent undetermined.
Furthermore, 19 of these deaths (34%) were firearm related and 18
(33%) alcohol or drug related deaths (total 67%). As has been previ-
ously reported, suicides are typically underreported on death cer-
tificates and often misclassified as accidental poisonings or as
other types of accidents (Boscarino, 2006).

2.3. Laboratory methods

The current study included laboratory results for serum choles-
terol and triglycerides. For these assessments, morning blood col-
lection at 7AM, via venipuncture method, was preceded by an
overnight fast (Centers for Disease Control, 1989d,e). All blood
specimens were collected on the second onsite examination day.
After collection, all specimens were placed in a cooler or refriger-
ated and maintained at 2–8� centigrade until processed. Generally
all specimens were processed within 24 h or less. For serum cho-
lesterol, an enzymatic method was used that employed an Eastman
Kodak cholesterol kit using the Ekachem test method, which in-
cluded laboratory-prepared reagents (Eastman Kodak, Rochester,
NY). High-density lipoprotein (HDL) cholesterol was assessed using
Kodak Eltachem analyzers with Kodak clinical chemistry slides. For
this analysis, low-density lipoprotein (LDL) was removed using
dextran sulfate. Triglycerides were assessed also using Kodak Ekta-
chem test kits based on a totally enzymatic method. For our anal-
yses, LDL was estimated based on the Friedewald formula (i.e.,
LDL = total cholesterol � (HDL + triglycerides � 0.20)) (Centers for
Disease Control, 1989d,e; Pagana and Pagana, 1999). All laboratory
determinations were monitored using quality-control procedures
and under the supervision of board-certified Clinical Pathologists
(Centers for Disease Control, 1989d,e). Laboratory testing was per-
formed at the Clinical and Research Division, Department of Labo-
ratories, Lovelace Medical Foundation. The coefficient of variation
(CV) for the laboratory procedures were within acceptable qual-
ity-control standards, with the CVs reported for cholesterol and tri-
glycerides equal to about 2%. Additional information on these
laboratory procedures has been published elsewhere (Centers for
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Disease Control, 1989d,e). For analytical purposes, the low refer-
ence range for our study was set at �10th percentile, which was
equivalent to a total cholesterol level6165 mg/dl. For low LDL cho-
lesterol, the 10th percentile was <100 mg/dl; for low HDL choles-
terol, the 10th percentile was <32 mg/dl. These cut-points were
optimal, given the relatively few external mortality cases in our
study (n = 55), limiting proportional hazard regression modeling
at lower cut-points, such as the fifth percentile (Hosmer and Lem-
eshow, 1999). It is noted that lab values at the �10th percentile
range are often used in clinical studies as a reference, and this va-
lue is consistent with those used in previous cholesterol-suicide
studies (Neaton et al., 1992).

2.4. Mental health and psychological status measures

In our study we included measures related to mental health sta-
tus that could be associated with external mortality. These mea-
sures included baseline history of anti-social personality disorder,
depression, alcohol abuse/dependence, schizophrenia, posttrau-
matic stress disorder (PTSD), and impulse-control disorder, as in-
dexed by history of pathological gambling. These measures were
based on having met the lifetime diagnostic criteria for these
disorders and based on the Diagnostic Interview Schedule (DIS)
(Robins et al., 1981, 1987). The DIS was developed from the diag-
nostic criteria included in the Diagnostic and Statistical Manual
of Mental Disorder, Third Edition (American Psychiatric Associa-
tion, 1980). Reports related to the validity and reliability of the
DIS have been reported elsewhere (Robins et al., 1981, 1987).
The DIS instrument was administered during the physical exami-
nation (Centers for Disease Control, 1989b). We also assessed
two additional measures of mental health status, including psycho-
logical hostility and morbid depression at baseline, based on the
MMPI instrument (Dahlstrom et al., 1972, 1975). Hostility assess-
ment was based on the Wiggins Hostility Scale (WHS) developed
from MMPI Scale items (Wiggins et al., 1971). Since its develop-
ment, the WHS has been widely used in mental health studies over
several decades (Dahlstrom et al., 1972, 1975). Morbid depression
was based on the results of the D Scale (Scale 2) of the MMPI, one
of the main clinical scales of the MMPI instrument (Dahlstrom
et al., 1972). This scale was specifically developed to measure clin-
ical symptoms of depression and, in the MMPI, this is characterized
by indications of pessimism, feelings of hopelessness or despair,
and preoccupation with death and suicide (Dahlstrom et al.,
1972). The MMPI-D Scale has been widely used in clinical research
(Dahlstrom et al., 1972, 1975). The MMPI was also administered
during the physical examination phase of the study (Centers for
Disease Control, 1989b).

2.5. Other study variables

Other study measures included age, race, theater status, intelli-
gence, body mass index (BMI), and level of social support. Age was
based on the veteran’s age at the interview. Race was based on re-
ported race (white 82%; black 11%; hispanic 5%; other 2%) and
coded as an indicator variable (white vs. nonwhite), given the
numbers for hispanics and other races and previous research (Cen-
ters for Disease Control, 1989c; Boscarino, 2004). Intelligence was
taken from the military record and based on the General Technical
(GT) examination at Army induction (Centers for Disease Control,
1989b). This measure has been reported to be a reliable and valid
indictor of general adult intelligence (Centers for Disease Control,
1989b; Boscarino, 1997). Body mass index was based on the sub-
ject’s weight in kilograms divided by the subject’s height in meters
squared (weight (kg)/[height (m)]2), with a score of 30+ used to de-
fine obesity for categorical analyses. Our study also included a
measure of social support at baseline. This scale, which measures
the current level of individual social support available and was in-
cluded in the DIS instrument, has been described elsewhere
(Boscarino, 1995). For categorical analyses, those scoring at the
lowest quintile on this scale were categorized as having low social
support, as is common in epidemiologic investigations. Finally, as
noted below, since we combined the TVs and EVs in our analyses,
we also included a binary measure to control for theater status in
our multivariate models. Altogether, �56% of our study population
had Vietnam service.

2.6. Statistical methods

For our analyses, we described the bivariate differences found
for both low cholesterol and external mortality in terms of our
study predictor variables. Next, we used Cox proportional hazard
regressions to calculate multivariate hazard ratios [HRs] predicting
external mortality by low cholesterol status, assessing the effects
for both demographic and risk factor status variables. In the anal-
yses, we analyzed the results for theater and era veterans com-
bined, since no effect modification was confirmed by veteran
status for the models examined, and because we had a limited
number of deaths that occurred during follow-up. Since all study
risk factors were only measured at baseline, they were assumed
to be constant in the current study and, thus, no time-dependent
variables were assumed. Limitations related to this assumption
are discussed in our limitations section. Also, in order to avoid
over-adjustment due to the degrees of freedom available and the
limited number of events that occurred during the study period
(Hosmer and Lemeshow, 1999; Harrell, 2001), predictor variables
were eliminated from multivariate models if their p-values were
>0.15 in regression models predicting external mortality with
low cholesterol and our binary measure for theater status. As sug-
gested, the latter was included to account for any residual differ-
ences between the veteran groups in our combined models. In
all, in addition to theater status and low total cholesterol, five pre-
dictors were retained in the final multivariate analyses (MVA)
using our selection criteria. These included alcohol abuse/depen-
dence, anti-social personality disorder, pathological gambling,
BMI, and morbid depression. For secondary analyses, we also as-
sessed our model results based on low LDL and low HDL, respec-
tively, and discussed these results.

It is noted that since the focus of our study was on the impact of
‘‘low” cholesterol, cholesterol was parameterized as a categorical
variable. However, it is noted that we also we ran our multivariate
analyses with cholesterol used as a continuous variable. This vari-
able was not significant. We also note that age, intelligence, BMI,
hostility, morbid depression, and social support were included as
continuous variables in our multivariate analyses. Only morbid
depression was significant at p < 0.05 when this was used as a con-
tinuous measure. Nevertheless, we included morbid depression as
a categorical variable in our final analyses, since the MMPI cut-
point used for this scale (e.g., T-score > 70), has clinical significance
(Dahlstrom et al., 1972, 1975), and is consistent with our other
diagnostic-level measures used.

All p-values presented were based on 2-tail tests. It is noted that
because several data sources were used in this study and the vet-
erans were on site for several days, very few variables used had
missing data. The one exception was for intelligence, whereby 48
cases (�1%) were missing and coded at the median for this vari-
able. For these analyses, we evaluated the main proportional haz-
ard assumptions (Hosmer and Lemeshow, 1999), controlled for
potential confounding, and tested for effect modification by race
and veteran status. To assess Cox proportional hazard assumptions,
we used Schoenfeld residuals and the ‘‘stphtest” procedure in Stata
to assess fit for our models. This test is equivalent to testing that
the log hazards ratio function is constant over time (Cleves et al.,
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2002). We also assessed 2 � 2 interactions for low cholesterol by
the final predictor variables selected, which included anti-social
personality disorder, morbid depression, alcohol abuse/depen-
dence, and pathological gambling (Hosmer and Lemeshow, 1999;
Harrell, 2001). Statistical analyses were performed using Stata, ver-
sion 9.2 (Stata, 2007).

3. Results

For the current study, preliminary descriptive findings indi-
cated that low baseline cholesterol was associated with external
mortality at follow-up (odds ratio [OR] = 2.00, p < 0.05) as well
as low social support (OR = 1.27, p < 0.05) (Table 1). In addition,
external mortality was associated with history of alcohol abuse/
dependence (OR = 2.37, p < 0.01), anti-social personality disorder
(OR = 2.76, p < 0.001), and morbid depression at baseline, as mea-
sured by the MMPI-D Scale (OR = 2.08, p < 0.01) (Table 2). It
should be noted that when age, intelligence, BMI, hostility, mor-
bid depression, and social support were analyzed as continuous
variables (not shown in Tables 1 and 2), the following results
were found. Younger age was associated with low cholesterol
(p < 0.05), lower BMI was associated with low cholesterol
(p < 0.001), higher hostility was associated with external mortal-
ity (p < 0.05), and higher morbid depression was associated with
external mortality (p < 0.01).

As discussed, Cox proportional hazard regressions were next
conducted, only retaining predictive variables that were significant
at p 6 0.15 for the minimum model containing the indicator vari-
able for low cholesterol and theater status and each predictor var-
iable, respectively (Table 3). Altogether, in addition to low
cholesterol, five significant predictor variables were retained using
this selection method, including BMI, alcohol abuse/dependence,
anti-social personality, pathological gambling, and morbid depres-
sion. These results are presented in three models, representing a
cholesterol model without other predictors included (model 1), a
cholesterol model with other predictors, but excluding morbid
depression (model 2), and a cholesterol model with the other pre-
dictors and morbid depression included (model 3) (Table 3). Note-
worthy, is that low cholesterol remained significant in all the
models assessed, including alone and in both MV models (i.e.,
models 2 and 3). As can be seen, anti-social personality was the
Table 1
Low total cholesterol at baseline by external mortality and study predictor variables.

Variable % Total (N) % Nor
choles

Theater veteran 55.8 (2490) 56.2 (
External mortality at follow-up 1.2 (55) 1.1 (4
Age 40+ at interview (mean age = 37.83, SD = 2.53) 19.8 (883) 20.1 (
Non-white race 18.1 (808) 17.8 (
Intelligence – lowest quintile (mean intelligence score = 105.95,

SD = 20.18)
18.7 (836) 18.9 (

Body mass index > 30 (mean BMI = 26.86, SD = 4.47) 16.8 (750) 17.1 (
History of alcohol abuse/dependence 46.7 (2084) 47.0 (
History of depression 10.5 (468) 10.4 (
History of PTSD 10.0 (446) 10.0 (
History of schizophrenia 1.0 (46) 1.0 (3
History of anti-social personality disorder 22.1 (988) 21.9(8
History of pathological gambling 1.5 (66) 1.6 (6
Psychological hostility (mean hostility score = 8.89, SD = 4.77) 22.5 (1006) 22.6 (
Morbid depression (mean depression score = 61.39, SD = 14.14) 24.5 (1092) 24.5 (
Low social support (mean social support score = 6.47, SD = 1.51) 20.3 (908) 19.9 (
(N) (4462) (3969

Note: Percents based on percents for column variable shown. For example, of those with
For continuous variables, mean (SD) also shown.
CI, confidence interval.
* p < 0.05.

a Defined as �10th percentile, which was equal to a cholesterol level 6165 mg/dl. Me
best predictor of mortality, with a hazard ratio (HR) of 2.29
(p = 0.005) and 2.22 (p = 0.006), respectively, in models 2 and 3.
Both low cholesterol (HR = 1.97, p = 0.046) and morbid depression
(HR = 1.76, p = 0.043) remained significant in model 3, containing
both these predictor variables. Finally, we tested for separate
2 � 2 interaction effects for low cholesterol by alcohol abuse/
dependence, anti-social personality, and morbid depression,
respectively. However, only low cholesterol �morbid depression
was found significant (p = 0.005), as shown in Table 3. Categorical
regression analyses isolating the combined effects of the low cho-
lesterol with morbid depression in model 3 revealed a HR of 6.5
(95% CI = 3.07–13.76), in contrast to those without low cholesterol
and morbid depression at baseline (Table 3, model 3).

As noted, we also ran our models based on low LDL and low
HDL, respectively. For LDL, these results were similar as shown
for total cholesterol (Table 3). For HDL cholesterol these results
were not. In particular, no interaction effect was detected for low
HDL �morbid depression and BMI appeared to be protective for
external mortality. However, similar to total low cholesterol, these
disparities could not be further explored, due to the relatively few
external mortality cases that occurred in the current study (N = 55)
and being restricted to the 10th percentile for our cholesterol risk
factor of interest.

Finally, to assess Cox proportional hazards assumptions, we
used Schoenfeld residuals and the ‘‘stphtest” procedure in Stata
to assess fit for our models. The results of the procedure indicated
that the final models used were adequate (p = 0.993). We also plot-
ted the multivariate survival functional curves for the final models
for cholesterol and these plots indicated adequate model fit as
well.

4. Discussion

Earlier investigations have suggested that low blood cholesterol
levels were associated with an increase in external mortality,
including deaths from suicide, homicide, accidents, and injuries
of unknown cause (Lindberg et al., 1992; Muldoon et al., 1990). A
causal biological mechanism to explain this association had fo-
cused on the reduction in serotonin levels (Schuit et al., 1997),
although subsequent studies have suggested that the biology was
likely more complex (Lalovic et al., 2007a), since cholesterol is
mal baseline
terol

% Low baseline
cholesterola

Crude odds
ratio

95% CI

2231) 52.5 (259) 0.86 0.72–1.04
4) 2.2 (11) 2.00 1.04–3.97*

797) 17.4 (86) 0.84 0.66–1.08
705) 20.9 (103) 1.22 0.97–1.54
752) 17.0 (84) 0.88 0.69–1.23

679) 14.4 (71) 0.82 0.63–1.06
1864) 44.6 (220) 0.91 0.75–1.10
412) 11.4 (56) 1.11 0.82–1.49
397) 9.9 (49) 0.99 0.73–1.36
9) 1.4 (7) 1.45 0.65–3.26
70) 23.9 (118) 1.12 0.90–1.40

2) 0.8 (4) 0.52 0.19–1.42
896) 22.3 (110) 0.99 0.79–1.23
974) 23.9 (118) 0.97 0.78–1.21
790) 23.9 (118) 1.27 1.02–1.58*

) (493) – –

low cholesterol at baseline, 2.2% experienced external mortality at follow-up.

an total cholesterol = 212.74, SD = 41.64.



Table 2
External mortality by study predictor variables.

Variable % Total (N) % No external
mortality

% External
mortalitya

Crude odds
ratio

95% CI

Theater veteran 55.8 (2490) 55.7 (2454) 65.5 (36) 1.51 0.86–2.64
Low total cholesterolb (mean cholesterol = 212.74, SD = 41.64) 11.1 (493) 10.9 (482) 20.0 (11) 2.00 1.04–3.97*

Age 40+ at interview (mean age = 37.83, SD = 2.53) 19.8 (883) 19.9 (875) 14.4 (8) 0.69 0.32–1.46
Non-white race 18.1 (808) 18.1 (796) 21.8 (12) 1.27 0.67–2.41
Intelligence – lowest quintile (mean intelligence score = 105.95,

SD = 20.18)
18.7 (836) 18.7 (824) 21.8 (12) 1.21 0.64–2.31

Body mass index > 30 (mean BMI = 26.86, SD = 4.47) 16.8 (750) 16.8 (741) 16.4 (9) 0.97 0.47–1.99
History of alcohol abuse/dependence 46.7 (2084) 46.4 (2047) 67.3 (37) 2.37 1.35–4.18**

History of depression 10.5 (468) 10.4 (458) 18.2 (10) 1.92 0.96–3.83
History of PTSD 10.0 (446) 9.9 (438) 14.5 (8) 1.54 0.72–3.28
History of schizophrenia 1.0 (46) 1.0 (45) 1.8 (1) 1.80 0.24–13.26
History of anti-social personality disorder 22.1 (988) 21.9 (964) 43.6 (24) 2.76 1.62–4.73***

History of pathological gambling 1.5 (66) 1.5 (64) 3.6 (2) 2.56 0.61–10.74
Psychological hostility (mean hostility score = 8.89, SD = 4.77) 22.5 (1006) 22.5 (990) 29.1 (16) 1.42 0.79–2.55
Morbid depression (mean depression score = 61.39, SD = 14.14) 24.5 (1092) 24.3 (1070) 40.0 (22) 2.08 1.21–3.58**

Low social support at baseline (mean social support score = 6.47,
SD = 1.51)

20.3 (908) 20.4 (898) 18.2 (10) 0.87 0.44–1.73

(N) (4462) (4407) (55) – –

Note: Percents based on percents for column variable shown. For example, of those with external mortality at follow-up, 20.0% had low cholesterol at baseline.
For continuous variables, mean (SD) also shown.
CI, confidence interval.
* p < 0.05.
** p < 0.01.
*** p < 0.001.

a External mortality included: homicide, suicide, drug overdoses, accidental poisoning, unintended injury, and injury of unknown cause.
b Defined as �10th percentile, which was equal to a cholesterol level 6165 mg/dl.

Table 3
Cox proportional hazard regressions for external-cause mortality by low total cholesterol and study predictor variables (N = 4462).a

Baseline risk factors Total deaths = 55 (67,067 person years at risk)

Model 1b Model 2b Model 3b

HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value

Low total cholesterolc 2.07 1.07–4.14 0.031 1.97 1.01–3.84 0.046 1.97 1.01–3.84 0.046
Body mass index (BMI) – – – 0.95 0.89–1.02 0.158 0.95 0.89–1.02 0.152
Lifetime alcohol abuse/dependence – – – 1.77 0.97–3.23 0.061 1.68 0.92–3.07 0.092
Anti-social personality disorder – – – 2.29 1.29–4.07 0.005 2.22 1.25–3.95 0.006
Pathological gambling – – – 3.14 0.74–13.33 0.120 3.01 0.71–12.77 0.136
Morbid depression – – – – – – 1.76 1.02–3.05 0.043
Interaction effects for model 3
Low total cholesterol �morbid depressiond – – – – – – 11.09 2.10–58.63 0.005
Low total cholesterol �morbid depression interaction effecte – – – – – – 6.50 3.07–13.76 <0.001

Note: HR = hazard ratio; and CI = confidence interval.
a External mortality included: homicide, suicide, drug overdoses, accidental poisoning, unintended injury, and injury of unknown cause.
b Model also adjusted for theater status as a binary variable.
c Defined as �10th percentile, which was equal to a cholesterol level 6165 mg/dl.
d This represents the interaction effect detected when the total cholesterol �morbid depression term was added to the regression model 3.
e This shows the interaction effect for those with low total cholesterol and morbid depression compared to not having either of these risk factors present using categorical

parameters to isolate this specific effect (Hosmer and Lemeshow, 1999).
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integral to synaptic function, memory formation, and nervous sys-
tem functionality (Qiu et al., 2006). In addition, it has been re-
ported that higher body mass index (BMI) was protective of
suicide risks in men (Mukamal et al., 2007). Furthermore, other
suicidal risk factors, such as depression and alcohol abuse have
been associated with lower cholesterol (Budzynski et al., 2003;
Morgan et al., 1993). Thus, the reported association between sui-
cide and low cholesterol was potentially confounded. However,
with one exception (morbid depression), our analyses suggested
that the force of morbidity associated with low cholesterol ap-
peared to be independent of concurrent mental conditions, im-
pulse-control disorders, and other key psychological factors. The
hazard ratio for low cholesterol alone compared to the full model
with all key covariates identified was essentially the same
(HR = 2.07, p = 0.031 vs. HR = 1.97, p = 0.046).

Our study indicated that the significant predictors of external-
cause mortality included not only low cholesterol (HR = 1.97,
p = 0.046), but also anti-social personality disorder (HR = 2.22,
p = 0.006) and morbid depression (HR = 1.76, p = 0.043) at baseline,
neither of which appeared correlated with low baseline cholesterol
(Table 1). Furthermore, a significant interaction effect was found
for low cholesterol by morbid depression (p = 0.005), revealing a
substantial increased risk for those with both these baseline risk
factors, compared to those with neither present (HR = 6.5, 95%
CI = 3.07–13.76). Noteworthy is that these effects were uncovered
after examination of a number of potentially interrelated risk fac-
tors, including intelligence, BMI, alcohol abuse/dependence, PTSD,
schizophrenia, psychological hostility, and low social support at
baseline. To our knowledge, this was the only study that examined
these psychosocial and biometrical risk factors in a single national
population study. As suggested, when we ran our MVA models
based on a low LDL classification, the results were similar to those
for total cholesterol. The MVA results for low HDL were not, how-
ever, and warrant further investigation.
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This study has strengths and limitations. Use of multiple
sources of vital status allowed for more comprehensive mortality
assessment and use of a national sample allowed us to generalize
our findings. However, cause-of-death as reported on death certif-
icates, is known to over-report circulatory and ill-defined condi-
tions, and to under report suicides (Boehmer et al., 2004;
Boscarino, 2006). It also should be noted that the DIS-III Scales
used in the current study for depression and PTSD were based on
an earlier version of the DSM nomenclature, and may be less accu-
rate than later measures, especially for PTSD (Boscarino, 2006;
Kulka et al., 1990). Other limitations were that the study included
only male veterans and only those who survived to participate in
the baseline survey. Our study also did not assess the impact of
other significant mental health conditions. A limitation also was
that the outcome of interest was limited in this study, in that only
55 external-cause deaths occurred during the study period. This re-
stricted our data analyses, including the cut-point used to define
low cholesterol, which was restricted to the 10th percentile (cho-
lesterol 6 165 mg/dl). A lower clinical value would have been pref-
erable. Findings seem to suggest that a cut-point at the fifth
percentile (i.e., 6150 mg/dl) tends to produces a stronger mortality
association, and this was confirmed with our study. For example,
the crude HR at the 10th percentile in our study was 2.07,
p = 0.031. For the fifth percentile, the crude HR = 2.77, p = 0.012.
However, given the data limitations discussed above, this lower
cut-point tends to produce results that appear to violate the statis-
tical assumptions associated with proportional hazard regression
(Hosmer and Lemeshow, 1999). It is also noted that our external
mortality outcomes included not only suicides, but also homicides,
drug overdoses, accidental poisoning, unintended injuries, and
injuries of unknown cause, potentially confounding study results.
It is also important to point out that these data could have been
confounded by undiagnosed diseases at baseline, such as cancer,
which could be associated with reduced cholesterol levels (due
to rapid weight loss) and subsequent suicide. Another limitation
was that our study risk factors were only assessed at baseline
and, thus, were assumed to be constant throughout the study fol-
low-up, which may not have been the case (Hosmer and Leme-
show, 1999). Study strengths included that this research was
based on a large community-based sample not persons identified
through medical clinics and it included assessment of a key battery
of psychosocial and other risk factors. However, a limitation of our
sample was that it only included male Army veterans. As can be
seen with regard to the high rates of alcohol abuse (47%) and
anti-social personality disorder (22%) (Table 1), our respondents
likely differed from the typical civilian population. Therefore, it
may not be possible to fully generalize these results to non-veteran
populations.
5. Conclusion

In summary, this study suggests that there was a link between
low total cholesterol and deaths from external-causes. Research
among other populations also has suggested an association
(Diaz-Sastre et al., 2007; Favaro et al., 2004; Garland et al., 2000;
Golier et al., 1995; Kunugi et al., 1997; Lindberg et al., 1992; Muld-
oon et al., 1990; Schuit et al., 1997). A particular challenge for this
research in the past has been assessing the impact of other risk fac-
tors and character traits that could be related to impulse-control,
but which also might be associated with external-cause mortality.
Here we have shown that anti-social personality disorder repre-
sented one of these risk factors. Also, the impact of morbid depres-
sion combined with low cholesterol appeared to be of great
significance. Whether cholesterol modification could have affected
these outcomes, especially among those with morbid depression is
an interesting hypothesis that should be addressed in future
research.

Although research has failed to show a strong link (Muldoon
et al., 2001), we think our findings warrant investigation and might
have implications for treatment, prevention, and clinical surveil-
lance among those on cholesterol-reducing regimens (Harris,
2008; Huffman and Stern, 2007; LaRosa et al., 2007). Our study
suggested that there was a significant risk of external-cause mor-
tality among those with low cholesterol and morbid depression.
Given the risk-level found, we think that increased clinical surveil-
lance is warranted. Future research also might benefit from inves-
tigating whether higher baseline cholesterol may be neuro-
protective, providing a protective reservoir related to neuronal/
synaptic dysfunction that may develop later in life due to disease
or weight loss (Dupuis et al., 2008). Conversely, future research
should also explore whether low cholesterol is a lifelong trait that
increases downstream mortality risks related to onset of neuropsy-
chiatric conditions later in life. While this goes beyond the scope of
the current study, researchers need to also consider the possibility
that cholesterol status could also represent state as well as a trait
variable as well.

While this study has limitations, it is noted that we must reject
our original hypothesis that the association between low choles-
terol and external mortality could be chiefly explained by con-
founding factors. It appears that low total cholesterol is an
independent and robust predictor of future external-cause mortal-
ity in our analyses. This association could not be explained by other
obvious interrelated risk factors. Again, clinical surveillance is ad-
vised, especially among those with low cholesterol and who are
suffering concurrently with clinical depression.
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