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been linked with low cholesterol though there has been limited prospective
study of cholesterol and subsequent course of affective illness. We studied the relationship between fasting
total cholesterol and subsequent depressive and manic symptoms. A total of 131 participants from a
prospective cohort study were identified as having had a fasting total cholesterol evaluation at intake.
Participants were predominantly inpatients at index visit and were followed for a median of 20 and up to
25 years. Cholesterol was modeled with age, gender, and index use of a mood stabilizer in linear regression to
assess its influence on subsequent depressive symptom burden in participants with unipolar disorder as well
as depressive and manic symptom burden in participants with bipolar disorder. Among bipolar participants
(N=65), low cholesterol predicted a higher proportion of follow-up weeks with manic, but not depressive
symptoms. Cholesterol did not appear to predict depressive symptom burden among participants with
unipolar depression (N=66). Lower cholesterol levels may predispose individuals with bipolar disorder to a
greater burden of manic symptomatology and may provide some insight into the underlying neurobiology.

© 2009 Elsevier Ireland Ltd. All rights reserved.
1. Introduction
Several case-control and cross-sectional studies noted associations
between low total cholesterol and depressive syndromes (Morgan
et al., 1993; Glueck et al., 1994; Olusi and Fido, 1996; Maes et al., 1999;
Partonen et al., 1999; Jow et al., 2006) though these findings have not
been consistently replicated, particularly in Asian samples (Oxenkrug
et al., 1983; Nakao and Yano, 2004; Chung et al., 2007). Low
cholesterol has also been variably associated with suicide attempts
(Golier et al., 1995; Coryell and Schlesser, 2007; Fiedorowicz and
Coryell, 2007) and completions (Muldoon et al., 1990; Lindberg et al.,
1992; Neaton et al., 1992; Ellison and Morrison, 2001). Interestingly,
several studies have identified this association only in males (Golier et
al., 1995; Bocchetta et al., 2001; Diaz-Sastre et al., 2007). Treatment of
major depression increases total cholesterol (Gabriel, 2007) and low-
density lipoprotein (LDL) cholesterol (Kopf et al., 2004) levels though
not consistently (Deisenhammer et al., 2004). Papakostas and
colleagues found those with higher cholesterol were less likely to
respond to (Papakostas et al., 2003a,b) and more likely to relapse on
(Papakostas et al., 2004) antidepressants.

Patients with manic or mixed syndromes have also had lower cho-
lesterol concentrations than controls in a number of studies (Swartz,
1990;Ghaemiet al., 2000;Atmacaet al., 2002;CassidyandCarroll, 2002;
Pae et al., 2004; Sagud et al., 2007). In one report, patients with bipolar
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disorder in remission likewise had lower cholesterol concentrations
than controls (Atmaca et al., 2002). Other studies have found an excess
prevalence of hyperlipidemia (Fagiolini et al., 2005; Fiedorowicz et al.,
2008), however, in the form of hypertriglyceridemia rather than
hypercholesterolemia. Treatment of manic symptoms appeared to re-
duce total cholesterol in one study (Gabriel, 2007), but increase it in
another (Pae et al., 2004).

Bolstering the aforementioned findings, brain cholesterol levels are
reduced with major depression and bipolar disorders compared with
healthy controls (Beasley et al., 2005). Overall, published findings
support a relationship between cholesterol and affective symptoms
although inconsistencies in findings suggest this relationship may be
complex. We are not aware of any studies that prospectively assessed
the relationship between cholesterol and depressive symptoms for
longer than 1 year (Papakostas et al., 2004) or that examined the
relationship between cholesterol and manic symptoms. We used local
data from our prospective cohort Collaborative Depression Study
(CDS) to test our hypothesis that low total cholesterol levels would
predict subsequent depressive and manic morbidity.

2. Methods

2.1. Subjects

Between the years 1978 and 1981, the CDS recruited English-speaking, Caucasian
adults who met Research Diagnostic Criteria (Spitzer et al., 1978) for a major affective
disorder. We identified 131 participants from the Iowa site of the CDS who had a fasting
total cholesterol determination at study intake and were followed for at least 6 months
thereafter. Fasting cholesterol determinations were not obtained as part of the CDS
protocol though total cholesterol was routinely ordered as an admission laboratory test
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Table 2
Primary linear regression analyses examined the relationship between our variable of
interest, intake cholesterol and depressive or manic symptom burden.

Model/variable R2

model
Standardized
beta

P

1. Depressive symptom burden in major depression 0.197
Cholesterol −0.004 0.97
Age 0.204 0.09
Female gender 0.408 b0.01
Mood stabilizer use −0.093 0.43

2. Depressive symptom burden in bipolar disorders 0.093
Cholesterol 0.088 0.54
Age 0.063 0.65
Female gender −0.031 0.81
Mood stabilizer use −0.269 0.04

3. Manic symptom burden in bipolar disorders 0.118
Cholesterol −0.362 0.01
Age 0.190 0.17
Female gender 0.100 0.42
Mood stabilizer use 0.036 0.78

Standardized slope values and levels of significance are reported for each variable in the
model. The partial correlation of cholesterol and manic symptom burden, adjusting for
covariates, was −0.32.
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during the period of CDS recruitment. The vast majority of participants in our sample
had been recruited during an index inpatient admission. A few participants were
outpatients at the time of intake. Participants in this sample have been followed for a
mean (median; S.D.) of 15.7 (20; 8.5) years and for up to 25 years.

2.2. Procedures

Baseline demographic and clinical information was obtained from intake data
recorded on the Schedule for Affective Disorders and Schizophrenia (SADS) (Endicott
and Spitzer, 1978) and the Personal History of Depressive Disorders (PHDD). One SADS
item categorically estimated “total weight loss from usual weight during present
episode (or maximum of 1 year) without dieting (even if later regained weight).” From
this SADS item, we were able to identify participants that had subjectively lost 10 lb or
more, given the potential for meaningful changes in cholesterol with this degree of
weight loss (Volek et al., 2002). Medical history was abstracted from the PHDD
(available upon request).

Follow-up assessments categorized severity of affective psychopathology using
various forms of the Longitudinal Interval Follow-up Evaluation (LIFE) (Keller et al.,
1987). The LIFE provided weekly ratings of symptom levels for each Research Diagnostic
Criteria (RDC) syndrome and was administered semiannually for the first five years of
prospective follow-up and annually thereafter. An initial diagnosis of unipolar depression
was based on intake RDC diagnosis of major depressive disorder or schizoaffective-
disorder, depressed, mainly affective (Endicott and Spitzer, 1979). The latter category
approximates major depression as defined by the 4th edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV). An initial diagnosis of a bipolar disorder
was based on an intake RDC diagnosis of bipolar I, bipolar II, schizoaffective manic, or
schizoaffective depressed with a history of mania or schizoaffective-mania, mainly af-
fective. The latter category also approximates DSM-IV-defined mania. To utilize the most
valid diagnoses, follow-up ratings from the LIFE Psychiatric Status Rating (PSR) were used
to reclassify participants with unipolar depression, who develop their first mania or
hypomania during follow-up (Fiedorowicz et al., 2009). To minimize misclassification,
these prospective diagnoses were utilized in our analyses. Measures from the LIFE and
SADS have been frequently applied to study course of illness and nosology in affective
disorders (Judd et al., 1998; Coryell et al., 2003; Judd et al., 2003; Solomon et al., 2003).

PSR ratingswere also used to determine the affectivemorbidity experienced byeach
individual. A week of clinically significant depressive symptoms was defined utilizing a
PSR cutoff score of N2/6 (at least moderate symptoms) on the major depression or
schizoaffective depression scale or a score of 3/3 (definite criteria) for minor depression
or intermittent depression. The burden of depressive morbidity was expressed as the
proportion of follow-up weeks with clinically significant symptoms. Aweek of clinically
significantmanic symptomswas defined using a PSR cutoff score of N2/6 on themania or
schizoaffective mania scales or a score of 3/3 for hypomania. These PSR cutoffs were
selected based on clinical relevance in previously published work (Fiedorowicz et al.,
2009). Akin to depressive morbidity, burden of manic morbidity was expressed as the
proportion of follow-up weeks with any clinically significant (hypo)manic symptoms.

As aforementioned, blood samples for cholesterol were collected clinically at the
time of intake, while seeking treatment for an affective episode, typically in an inpatient
setting. This single, baseline total cholesterol value was utilized for all subsequent
analyses. Dietary or nutritional assessments were not obtained. Use of lipid-lowering
medications was not recorded though based on data from the Minnesota Heart Survey,
less than 1% of our participants would have been expected to have been treated with
lipid-lowering medications (Arnett et al., 2002).
Table 1
Relevant demographic and clinical characteristics of bipolar and unipolar patients
included in the analysis.

Unipolar Bipolar

N = 66 65

Intake data
Mean age at intake 34.6 33.9
Inpatient 95% 98%
Percent female 65% 55%
Mean cholesterol (mg/dL) 203 196
Hypertension 17% 15%
Diabetes mellitus 5% 2%
Thyroid disorder 21% 32%
Percent on mood stabilizer 3% 54%
Intra-episode weight loss of more than 10 lb 36% 31%

Prospective data
Median percent of weeks depressed 31% 18%
Median percent of weeks manic 0% 1.4%
Median PSR follow-up 20 years 20 years

The Longitudinal Interval Follow-up Evaluation (LIFE) Psychiatric Status Rating (PSR)
was used to track weekly ratings of symptom levels. Participants with bipolar and
unipolar disorder comprised separate samples and contrasts were not made across
diagnostic groupings.
2.3. Data analysis

Participants with bipolar and unipolar affective disorders were analyzed in separate
samples. Burden ofmanic and depressivemorbidityweremodeled as dependent variables
in linear regression models with total cholesterol as the independent variable of interest
and covariates for age, gender, and mood stabilizer use at intake. The distribution of
residuals was assessed to verify an approximately normal distribution. A second-order
polynomial regressionmodelwasapplied to assesswhether using a quadratic tomodel the
effects of fasting serum cholesterol would provide a significantly better fit than a linear
model. A sensitivity analysis individually assessed the impact of a number of other
potential confounding variables: hypertension, diabetes mellitus, thyroid disease, and
estimated weight loss during present episode (or maximum of 1 year).

3. Results

Demographic and clinical characteristics of our sample are detailed
in Table 1. The median (mean; S.D.) percent of weeks with clinically
significant depressive symptoms was 30.7 (37.6; 31.7) for the 66 par-
ticipants with unipolar depression. The 65 participants with bipolar
disorder spent a median (mean; S.D.) of 18.5 (30.9; 32.0) and 1.4 (4.5;
6.5) percent of weeks with depressive and manic symptoms, respec-
tively. Age did not correlate with affective symptom burden. Female
gender was associated with a higher mean proportion of depressive
symptoms (36.6% versus 11.1%) among unipolar participants. There
were no gender differences for manic or depressive symptom burden
among bipolar participants.

When modeled in regression, no linear effect of cholesterol upon
depressive symptomburdenwas seen for unipolar or bipolar participants,
controlling for age, gender, and use of a mood stabilizer. Cholesterol did
predict clinically significant manic symptoms. A significant, inverse linear
effect of cholesterol on manic symptom burden was observed (standar-
dized beta=−0.36, P=0.01), controlling for age, gender, and use of a
mood stabilizer in the regression model. The results for these three
primary models are detailed in Table 2. The partial correlation
of cholesterol and manic symptom burden, adjusting for covariates,
was −0.32. When no other variables are modeled, cholesterol remained
significantlycorrelatedwithmanic symptomburden (r=−0.27,Pb0.03).

In the sensitivity analysis, the relationship between cholesterol
and subsequent manic symptom burden did not appear confounded
by hypertension, diabetes mellitus, thyroid disease, or weight loss of
more than 10 lb during the present episode.

4. Discussion

In this prospective cohort study, we identified a relationship
between low cholesterol and subsequent manic symptomatology. Our
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finding of greater subsequent burden of manic symptoms among
those with lower cholesterol supports prior case control and cross-
sectional findings. We, however, failed to prospectively confirm pre-
vious findings of a relationship between low cholesterol and de-
pressive symptoms. Previous studies on cholesterol and course of
affective illness have focused on response to antidepressants or sub-
sequent relapse. Our analysis is unique with its focus on overall bur-
den of affective symptomatology in an observational study.

While our prospective cohort study boasts several advantages to
prior case control and cross-sectional studies, several limitations exist.
The within-groups comparison in our study avoids the potential
selection bias inherent to matching. However, our participants had
varied durations of follow-up.We therefore used the proportion of time
with affective symptoms to address this, but this approach assumes that
the proportion of time with recorded affective symptoms is not
influenced by duration of follow-up. Given that many participants
were recruited during an acute affective episode, this assumption may
over-estimate symptom burden for those lost to follow-up early. In
review of our data, only 5% of participants were lost to follow-upwithin
one year or less. Participants in this limited sample had greater de-
pressive symptom burden but no greater manic symptom burden
compared with those followed for a greater duration. Removal of these
participants does not substantially change the results.

Cholesterol has been known to increase with age (Berns et al.,
1988), and affective symptoms later in follow-up may occur in the
setting of different cholesterol values from those initially recorded.
Moreover, our laboratory assessment included only total cholesterol
and fractions were not subsequently available for a more refined
analysis. There is some evidence that values of cholesterol fractions
may be of particular relevance. For instance, high-density lipoprotein
has been correlated to metabolites of dopamine and serotonin in the
cerebrospinal fluid of individuals after suicide attempt (Engstrom et
al., 1995). Despite these limitations, our prospective cohort study de-
monstrates a temporal association between total cholesterol and sub-
sequent burdenofmanic symptoms. Thesefindings are consistentwith
and add to the prior literature.

Because the CDS focused on phenomenology and longitudinal
course of illness in affective disorders, rigor in the ascertainment of
affective diagnosis represents a notable strength of this study. While
our cholesterol assessment was limited to a single assessment of total
cholesterol, our diagnostic and phenomenological assessments were
rigorous and ongoing. Our long period of follow-up after the deter-
mination of fasting cholesterol at index episode requires some un-
derstanding of cholesterol as a static or trait measure. However, the
intake cholesterol must invariably have been influenced by state-
dependent factors. Changes in appetite and weight represent cardinal
features of affective disorders and many of our participants subjec-
tively reported substantial weight losswithin the episode on the SADS,
whichmay influence cholesterol levels.While our participantswere all
recruited while seeking treatment for an acute episode, theymay have
had varying degrees of weight loss. We were only able to estimate
weight loss retrospectively with a categorical variable, limiting our
ability to completely control for state-dependent factors. If these state-
dependent changes obscure our ability to accurately assess the
attribute of interest, cholesterol as a trait-marker, we would perhaps
expect a reduction in our ability to discern existing relationships, a bias
toward the null hypothesis. We were nonetheless able to identify a
statistically significant relationship between cholesterol and subse-
quent manic morbidity.

Cholesterol may influence affect through a variety of mechanisms.
Cholesterol is a principal component of lipid rafts, microdomains on
the cell membrane thought important in synaptic function through
organization of signaling components (Gil et al., 2006). Depletion of
cholesterol may have diffuse effects on neurotransmission, altering a
variety of functions, with effects not limited to excitatory amino acid
transport (Butchbach et al., 2004), gamma-aminobutyric acid uptake
and transmission (Sooksawate and Simmonds, 2001a,b), opioid
signaling (Huang et al., 2007), N-methyl-D-aspartate receptor signal-
ing (Frank et al., 2004; Abulrob et al., 2005), and serotonergic function.
In the psychiatric literature, the most commonly discussed choles-
terol-mediated effects involve serotonergic function (Scanlon et al.,
2001; Golomb et al., 2002). Cholesterol may influence the function of
membrane-bound serotonergic structures through alterations in
membrane fluidity (Papakostas et al., 2003a,b). Cholesterol depletion
impairs the function of 5-HT1A and 5-HT7 receptors (Sjogren et al.,
2006; Singh et al., 2007). Cholesterol also stabilizes the serotonin
transporter and cholesterol depletion may reduce serotonin trans-
porter activity (Scanlon et al., 2001). The possible interactions
between cholesterol and such modulatory, serotonergic symptoms
are almost certainly complex and may defy traditional, linear
methods of explanation. Inconsistencies in published findings may
suggest a complex relationship yet to be elucidated, consistent
with the diversity of proposed physiological mediators. The con-
vergence of further clinical research with expansion of scientific
knowledge at the basic level will be critical to eventually elucidate a
presumably complex relationship between cholesterol and affective
symptomatology.
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