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Objective: The authors examined the relationship between
cholesterol metabolism and suicidality in carriers of Smith-Lemli-
Opitz syndrome and their families. This population has a partial
deficiency in 7-dehydrocholesterol reductase (DHCR7), the en-
zyme that catalyzes the last step in cholesterol biosynthesis.

Method: Suicidal behavior, depression, misuse of alcohol and
drugs, and family history of psychopathology, including at-
tempted or completed suicide, were assessed by structured in-
terview in 51 carriers of Smith-Lemli-Opitz syndrome and 54
matched comparison subjects.

Results: There were significantly more suicide attempters and
completers among the biological relatives of Smith-Lemli-Opitz
syndrome carriers than comparison subjects, but family history
of psychopathology did not significantly differ between the
groups. More suicide attempts were reported among Smith-
Lemli-Opitz syndrome carriers than among the comparison
subjects.

Conclusions: These results, based on a unique study design,
provide additional evidence supporting the relationship be-
tween cholesterol metabolism and suicidal behavior.

(Am J Psychiatry 2004; 161:2123–2126)

It is well established that individuals with a family his-
tory of suicide are at greater risk of attempted and com-
pleted suicide (1). This fact, combined with consistent
evidence from twin and adoption studies, suggests that
there is a genetic component to suicidal behavior (2). In-
terest in cholesterol as a biological marker of suicide risk
has emerged following consistent evidence from studies
that used different designs suggesting the existence of an
association between low serum cholesterol and suicidal
behavior (3). Investigating suicidal behavior in a popula-
tion having natively low cholesterol because of a particular
genetic variation is an interesting and novel approach to
the further exploration and validation of this association.

Smith-Lemli-Opitz syndrome is an autosomal recessive
multiple malformation and mental retardation syndrome
characterized by abnormally low cholesterol levels result-
ing from mutations in the gene coding for the enzyme 7-
dehydrocholesterol reductase (DHCR7), which is involved
in cholesterol biosynthesis (4). Smith-Lemli-Opitz syn-
drome has an estimated incidence of between one in 10,000
and one in 60,000 births (5) and a carrier frequency esti-
mated as high as one in 30 (6). Many patients with Smith-
Lemli-Opitz syndrome exhibit behavioral difficulties (ag-

gressive and self-injurious behaviors), and dietary cho-
lesterol supplementation has been shown to reduce ag-
gression in these patients and improve their behavioral
problems (7). Parents of Smith-Lemli-Opitz syndrome
children are obligate heterozygotes and are clinically nor-
mal but are carriers of a partial enzyme deficiency, dis-
playing reduced DHCR7 activity in the biosynthesis of
cholesterol (8).

We explored the putative relationship between low cho-
lesterol and suicide by investigating whether suicidal be-
havior would be more frequent in Smith-Lemli-Opitz
syndrome carriers than comparison subjects, given the in-
fluence of the genetic variant on cholesterol metabolism
in this population.

Method

The subjects were individuals who were heterozygous for Smith-
Lemli-Opitz syndrome. They were recruited through health care
centers across the United States and Canada where Smith-Lemli-
Opitz syndrome patients and their families are followed. In all in-
stances, Smith-Lemli-Opitz syndrome carriers were identified as
the biological parents of a child diagnosed with Smith-Lemli-Opitz
syndrome. We took into account the important influence of care-
giver stress by selecting a comparison group consisting of individu-
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als who were parents of a child with a chronic debilitating disorder
(excluding autism and disorders resulting from inborn errors of
cholesterol metabolism) requiring a level of care similar to that
needed by a child with Smith-Lemli-Opitz syndrome.

Parents or primary caregivers of children being assessed or fol-
lowed up at the genetics clinics of collaborating pediatric health
care centers in the United States and Canada were invited to par-
ticipate in the research study. Individuals with hypocholester-
olemia, taking lipid-lowering medications, or suffering from acute
or chronic psychosis, neurological disorders, or disorders of lipid
metabolism were excluded from the study. Additionally, since
Smith-Lemli-Opitz syndrome is most common among Cauca-
sians of European origin, only individuals of European ancestry
were included as comparison subjects.

All subjects were contacted for a comprehensive interview. In-
formation on sociodemographic characteristics was collected,
and medical and psychiatric histories, suicidality, and detailed
family history were systematically assessed through self-adminis-
trated and structured interviews. History of major depression and
misuse of alcohol or other substances was ascertained by using a
modified version of the Structured Clinical Interview for DSM-IV.
Suicidality was examined in terms of suicidal thoughts and sui-
cide attempts. A detailed history of attempted suicide, including
intent and lethality rating, was taken for each subject reporting a
past suicide attempt. A suicide attempt was defined as a volun-
tary self-destructive act with lethal intent. Current depressive
mood state was controlled for and measured by using the 21-item
Beck Depression Inventory (9). After complete description of the
study to the subjects, written informed consent was obtained
from all who participated. This multicenter study was approved
by local institutional review boards.

Pearson’s chi-square or Fisher’s exact test was used to compare
dichotomous variables between carriers and comparison sub-
jects. Student’s t test was used to compare continuous variables.
All tests were two-tailed, and significance was accepted at the
level of p<0.05. Statistical analyses were performed with SPSS Ver-
sion 10 (SPSS, Inc., Chicago).

Results

The subjects were 51 carriers of Smith-Lemli-Opitz syn-
drome and 54 comparison subjects who were not carriers.
All subjects were Caucasian, and carriers and comparison
subjects were comparable with respect to all major demo-
graphic variables examined, including age (mean=33.7
years, SD=8.4, for carriers and mean=39.2 years, SD=6.4, for
comparison subjects) (t=–0.89, df=103, p=0.37), sex (62.7%
of the carriers and 61.1% of the comparison subjects were
female) (χ2=0.03, df=1, p=0.86), and socioeconomic status.

A striking difference was observed in family history of sui-
cidal behavior between Smith-Lemli-Opitz syndrome carri-
ers and comparison subjects, even though the two groups
did not differ significantly on family history of psychiatric
disorders (Table 1). Over 30% of Smith-Lemli-Opitz syn-
drome carriers but only 9% of comparison subjects reported
having at least one biological relative who attempted or
committed suicide (odds ratio=4.32, 95% confidence inter-
val [CI]=1.31–16.45). Moreover, there were nine suicide at-
tempters or completers among the 284 first-degree relatives
of Smith-Lemli-Opitz syndrome carriers but only two
among 360 first-degree relatives of comparison subjects
(not shown in Table 1) (odds ratio=5.86. 95% CI=1.20–56.01).

Smith-Lemli-Opitz syndrome carriers and comparison
subjects did not significantly differ overall for the major
features of psychiatric history assessed (Table 1). A large
proportion of both carriers and comparison subjects had a
positive history of major depression and reported having
seen a psychologist or a psychiatrist for counseling or psy-
chotherapy. In most cases, this was related to the stresses
associated with the child’s illness, marital problems, and/

TABLE 1. Suicidality, Psychopathology, and Family History Data for 51 Parents of Children With Smith-Lemli-Opitz
Syndrome (Carriers) and 54 Parents of Children With Other Chronic Illness (Comparison Subjects)a

Variable

Smith-Lemli-Opitz 
Syndrome Carriers Comparison Subjects Analysis

N % N % χ2 (df=1) p
Psychopathology and suicidality

Positive history of alcohol and/or drug misuse 7 14.3 5 9.3 0.63 0.54
Positive history of depression 18 36.7 18 33.3 0.13 0.84
Current depressive state (Beck Depression Inventory score ≥15b) 2 5.6 6 12.8 0.46c

Currently using psychiatric medicationsd 6 12.2 2 3.7 0.15c

Ever had psychotherapy/counseling 17 34.7 19 35.2 0.003 0.96
History of psychiatric hospitalizations 2 4.1 1 1.9 0.60c

Ever thought about committing suicide 4 8.2 10 18.5 2.35 0.16
Ever attempted suicidee 3 6.0 1 1.9 0.35c

Family history
One or more psychiatric disorder reported

Among first-degree biological relatives 22 44.9 20 37.0 0.66 0.42
Among all biological relatives 30 61.2 30 55.6 0.34 0.56

One or more attempted or completed suicide reported
Among first-degree biological relatives 8 16.3 2 3.7 0.04c*
Among all biological relatives 15 30.6 5 9.3 7.49 0.006**

a Percents are based on the number of subjects providing information for each variable rather than on the total number of subjects.
b A score ≥15 represents clinically significant depression.
c Fisher’s exact test.
d The psychiatric medications reported consisted of antidepressants (selective serotonin reuptake inhibitors) and anxiolytics, taken within the

last 3 months.
e Suicide attempt history for one Smith-Lemli-Opitz syndrome carrier was not obtained by direct interview with the subject but from the sub-

ject’s spouse.
*p<0.05. **p<0.01.
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or alcohol or drug problems. A small proportion of sub-
jects had a history of psychiatric hospitalization for rea-
sons including attempted suicide (one female Smith-
Lemli-Opitz syndrome carrier) and alcohol and drug treat-
ment (one male Smith-Lemli-Opitz syndrome carrier and
one female comparison subject).

None of the subjects reported having any current sui-
cidal thoughts, and the two groups did not differ signifi-
cantly with respect to reporting ever having thoughts
about committing suicide in the past. Among comparison
subjects, only a single suicide attempt was reported, in-
volving a low-lethality overdose of over-the-counter diet
pills. In contrast, five suicide attempts were reported by
three Smith-Lemli-Opitz syndrome carriers; methods
used included overdose of over-the-counter pills, deliber-
ate attempt to crash car, interrupted attempt with a gun,
and interrupted inhalation of car exhaust fumes.

Discussion

Family history of suicidal behavior was significantly dif-
ferent between Smith-Lemli-Opitz syndrome carriers and
comparison subjects irrespective of family history of psy-
chopathology: there were significantly more reports of
suicide attempters and completers among the biological
relatives of Smith-Lemli-Opitz syndrome carriers. The di-
rect assessment of carriers indicated that more Smith-
Lemli-Opitz syndrome carriers than comparison subjects
had a history of attempted suicide, although this finding
did not reach statistical significance, probably reflecting
power sample size limitations, which in turn were conse-
quent to the fact that Smith-Lemli-Opitz is a rare syn-
drome. Nevertheless, overall, more Smith-Lemli-Opitz
syndrome carriers had attempted suicide, with repeated
attempts and more violent and impulsive methods than
comparison subjects.

The high proportion of both Smith-Lemli-Opitz syn-
drome carriers and comparison subjects who had a posi-
tive history of major depression in most cases reflected the
stresses associated with caring for a child with a chronic
debilitating disorder. Although it is important that the
comparison subjects were matched with Smith-Lemli-
Opitz syndrome carriers in terms of caregiver stress, it is
also important to consider that this group is not represen-
tative of the general population because of the high rate of
depression.

The finding that family history of suicidality but not psy-
chopathology differed significantly between the groups is
consistent with the finding from other studies suggesting
that the familial transmission of suicide risk is discrete
from that of psychiatric illness (1). The possibility emerges
of investigating DHCR7 and similar genes as possible ge-
netic factors mediating predisposition to suicidal behavior.

Our results suggest that Smith-Lemli-Opitz syndrome
carriers may be at greater risk for suicidal behavior. Al-
though possible mechanisms that may explain this obser-

vation remain unclear, it is reasonable to postulate that,
given the reduced DHCR7 activity in Smith-Lemli-Opitz
syndrome carriers, they may have a disturbance in brain
sterol composition—either altered cholesterol and/or
presence of 7-dehydrocholesterol or 7-dehydrodesmos-
terol—that could affect CNS function and behavior. This
theory is in agreement with recent evidence that because
cholesterol plays an important role in CNS synaptogenesis
(10), CNS cholesterol alterations may impair development
or plasticity of the synaptic circuitry involved in mediating
behavior. Serum cholesterol may be a marker of CNS cho-
lesterol metabolism, although the relationship between
brain and serum cholesterol is not understood.

The results of this study provide additional support for the
relationship between cholesterol metabolism and suicidal-
ity by means of a novel approach. It would be interesting to
replicate these findings in other conditions that, like Smith-
Lemli-Opitz syndrome, lead to low levels of cholesterol.
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