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Objective: To evaluate serum levels of different biomarkers associated with cardiovascular disease in
patients with bipolar disorder (BD). Patients were prospectively evaluated in two separate instances:
during acute mania and after remission of manic symptoms. All measurements were compared with
those of healthy controls.
Methods: The study included 30 patients with BD and 30 healthy controls, matched for gender and
age. Biochemical parameters evaluated included homocysteine (Hcy), folic acid, vitamin B12, ferritin,
creatine kinase (CK) and C-reactive protein (CRP).
Results: Hcy levels were significantly higher in the BD patients, both during mania and after achieving
euthymia. When Hcy was adjusted for body mass index, there was no significant difference between
patients and controls. Ferritin was the only marker that showed a significant decrease during mania
when compared to both euthymic patients and controls. There were no significant differences for
folate, vitamin B12, CK and CRP.
Conclusions: These findings do not show an association between alterations of markers of
cardiovascular risk during manic episodes. Further studies are necessary to determine factors and
mechanisms associated with cardiovascular risk in patients with BD.
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Introduction
Individuals with bipolar disorder (BD) have significantly
higher mortality rates than the general population.1 Medical
diseases are common in patients with BD and may affect
the course, severity and treatment of the disorder.2
Cardiovascular and cerebrovascular conditions are the
leading causes of natural death among patients with BD,
after suicide or accidents.1,3 It has been hypothesized
that patients with a history of mania or hypomania may
exhibit a greater prevalence of vascular disease when
compared with patients with major depression or other
mental disorders.4
Hyperhomocysteinemia (HHcy) has been associated
with increased risk of cardiovascular and cerebrovascular
disease.5 A meta-analysis of associations between
homocysteine (Hcy) levels and cardiovascular disease
(CVD) showed that for every 5-mmol/L increase in serum
Hcy concentration, the risk of ischemic heart disease
increased 20 to 30%.6 Studies also indicate that Hcy is
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associated with several important components of atherogenesis, including endothelial dysfunction, platelet and
immune activation and inflammation.7,8
Determinants of HHcy, such as low concentrations of
folate and vitamin B12 coenzymes, which are involved in
Hcy metabolism, are also associated with increased risk
of vascular damage.9,10 Whether HHcy itself or low
concentrations of vitamin B12 and folate are the
atherogenic factors that trigger vascular disease remains
to be determined. Individuals with low folate levels or
intake have shown a higher risk of CVD; it is possible that
these associations may be independent of Hcy.11
Studies show that the iron storage protein ferritin plays
an important enzymatic role in folate catabolism. Thus, it
may be associated with higher Hcy concentrations by
reducing the availability of one-carbon units for remethylation.12
Studies have established that depressive symptoms or
episodes increase the risk of incident cardiovascular
disease.13,14 To the best of our knowledge, few studies
have examined the relationship between manic episodes
and CVD. Results of a prospective cohort study of
participants with BD showed that (hypo)manic symptoms
were independent predictors of cardiovascular mortality,
and that mood disorders may mediate vascular disease.
This mediation may occur through mechanisms that are
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independent of and distinct from traditional risk factors.15
In this same vein, one study has provided support for the
notion that heart rate variability and predictability in BD
may indeed be state-dependent.16
Creatine kinase (CK) enzymes are essential for energy
metabolism. These enzymes connect mitochondrial ATPproducing and cytosolic ATP-consuming processes, and
are thus of central importance for cellular energy homeostasis.17
C-reactive protein (CRP) is considered a marker of
systemic inflammation. Prospective studies have shown a
direct association between CRP levels and risk of
developing cardiovascular disease.18,19
The goal of the present study was to evaluate Hcy,
folate, vitamin B12, CRP, ferritin and CK levels within the
same patient during manic and euthymic states, and
compare these measurements with those of controls.

Methods
Patients with BD were recruited at the Hospital de
Clı́nicas de Porto Alegre, Porto Alegre, Brazil. All subjects
underwent a comprehensive clinical interview by a
psychiatrist. The diagnosis of BD was established on
the basis of available clinical information. In addition,
diagnosis was confirmed with the Structured Clinical
Interview for DSM-IV - Axis I (SCID-I) and a standard
protocol for assessment of psychopathology and clinical
features. Baseline assessment, including blood sampling,
was performed at admission to the psychiatric unit.
Patients had to fulfill DSM-IV criteria for manic episodes.
Treatment was naturalistic and at the discretion of the
attending psychiatrist. Patients did not have significant
comorbid medical conditions. Mood symptoms were
assessed with the Young Mania Rating Scale (YMRS)20
and the Hamilton Depression Rating Scale (HAM-D), 21item version.21 All raters were trained to administer the
scales; the results were assessed for inter-rater reliability.
After inclusion and initial evaluation, patients were
followed up with weekly screenings until remission of
manic symptoms, at which point they were reassessed
and blood sampling was carried out again. Patients were
considered euthymic if their score was , 7 on both the
YMRS and HAM-D scales.
Controls were required to be free of a personal history
of neurological or psychiatric illnesses, and have no firstdegree relatives with a diagnosis of psychiatric disorder.
Healthy controls and patients were matched for age and
gender. All patients and controls gave written informed
consent before entering the study. All procedures
described in the study were approved by the local ethics
committee.
Five milliliters of blood were withdrawn from each
subject by venipuncture and stored in an anticoagulantfree vacuum collection tube. The blood was immediately
centrifuged at 30006g for 5 min, and serum was kept
frozen at -806C until assayed.
Hcy levels were estimated by stable isotope dilution and
electrospray tandem mass spectrometry, as described by
Magera et al.22 Hcy was detected through the transition
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from the precursor to the product ion (m/z 136 to m/z 90).
Homocysteine-d8 was added as internal standard. Serum
reference values ranged from 5 to 15 mmol/L.
Quantitative folate and vitamin B12 serum levels were
measured with a chemiluminescent immunoassay by
employing the competitive test principle. Serum ferritin
concentrations were determined by chemiluminescent
sandwich-type immunoassay.
Measurement of CK levels was carried out using a
system in which CK catalyzes the transphosphorylation
reaction of ADP to ATP. ATP coupled with hexokinaseG6PD reactions produce NADPH in quantities directly
proportional to the quantity of CK in the sample. The
analyses were performed by monitoring the increase in
absorbance of NADPH per minute at the wavelength of
340 nm.
Measurement of CRP in serum was performed using
high-sensitivity C-reactive protein technique (latex immunoturbidimetric assay). The purified anti-human C-reactive protein antibody, when coated in polystyrene
particles and mixed with a sample containing CRP,
results in an insoluble complex. This complex results in
turbidity, which is proportional to the CRP concentration
in the sample.
Biochemical parameters were measured using an
ADVIA Centaur immunoassay system (Siemens
Healthcare Diagnostics, Tarrytown, NY). Statistical analyses were carried out in the SPSS version 18.0 (SPSS
Inc., Chicago, IL, USA); results were considered significant with a p-value , 0.05 and normality was
assessed using the Shapiro-Wilk test.
Comparisons between patients with BD and between
patients and controls were carried out using generalized
estimating equations (GEE). The GEE procedure is used
for analysis of repeated measures. Cases are assumed to
be dependent within subjects and independent between
subjects. The Gaussian distribution was evaluated for
variables with a symmetric profile, and the gamma
distribution for variables with an asymmetric profile. Body
mass index (BMI) was included as a covariate in the
regression model; results are presented with and without
inclusion of BMI in the analysis. Bonferroni correction was
applied for multiple comparisons.

Results
Thirty-nine manic patients were recruited upon admission
to a psychiatric inpatient unit. Nine patients were lost
during follow-up due to transfer to another medical facility
or due to withdrawal of consent to participate. Only the
patients who completed follow-up until remission were
included in the study. Therefore, 30 patients and 30
healthy controls (15 males and 15 females in each group)
were included in the analysis. The mean age of BD
patients was 41.15615.83 years, and that of controls,
40.84614.95 years.
The BMI of BD patients and controls, expressed as
median and interquartile range, was 27.75 (22.41-31.82)
and 26.99 (23.69-29.72) respectively. BMI was calculated
as weight divided by the height squared (kg/m2).

Markers of cardiovascular risk during a manic episode in BP

The median time elapsed between onset of the acute
episode and remission of symptoms in BD patients was
29.50 [20.50-58.00] days. Median HAM-D and YMRS
scores were 3.50 [1.75-5.00] and 27.50 [19.00-30.70]
respectively in the manic state and 1.00 [0.00-2.50] and
1.00 [0.00-4.00] respectively in the euthymic state.
Table 1 shows the evaluated parameters.
Of the parameters evaluated, only Hcy levels were
higher in BD patients in comparison with controls. The
values did not differ within the same BD patient during
manic and euthymic states. The difference between
patient and control Hcy levels did not persist when BMI
was included as a covariate.
No statistically significant differences were found in
folate and vitamin B12 levels on comparison between BD
patients and controls. These levels persisted in BD
patients throughout symptomatic recovery. Serum folate
and serum vitamin B12 values were within normal range.
Ferritin levels were within normal range in all subjects.
However, these levels were lower in BD patients during
mania, both in comparison with BD patients in euthymia
and in comparison with healthy controls. This finding
persisted when BMI was included as a covariate.
CRP levels of bipolar patients were not significantly
different between the manic and euthymic states. No
significant differences were observed on comparison
between patients and healthy controls. CK levels were
originally significantly higher in manic patients; however,
the difference occurred due to a few outliers that showed
elevated CK levels. The elevation in CK was probably
associated with the use of intramuscular medication or
with psychomotor agitation. In the present study, we did
not collect data on the frequency of use of IM medication
or level of physical agitation during follow-up.

Discussion
BD is strongly associated with changes in cardiovascular
function. The etiology of excess CVD is multifactorial and
possibly includes genetic and lifestyle factors, as well as
treatment effects.23
Moderately increased plasma levels of Hcy and genetic
factors associated with enzymatic abnormalities of folic
acid and Hcy metabolism play an important role in the
development of CVD.24,25
Most studies that reported higher Hcy levels in bipolar
patients were carried out during euthymia and focused
on functional and cognitive deterioration.26-28 To our
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knowledge, this is the first study to assess Hcy levels in
the same patients in both states, mania and euthymia; it
is also the first study to attempt to correlate Hcy with
markers of CVD.
Our findings show that serum Hcy levels did not
change as a function of mood state in BD. The results
also show that BMI is a determinant of Hcy levels. The
significant influence of BMI on Hcy levels corroborates
the results of a cohort study29; the results also show the
importance of assessing this variable in future studies.
Median serum concentrations of folate and vitamin B12
were within normal range and did not differ between
patients and controls. These levels did not change between
the two mood states in the same patient. CRP levels were
also within normal range when compared with controls.
The finding of lower ferritin values during manic
episodes in comparison with euthymia and in comparison
with controls has not been elucidated. Decreased ferritin
has been associated with other psychiatric disorders,
such as attention deficit-hyperactivity, schizophrenia and
major depression.30-32 Studies have described direct proinflammatory effects of iron deficiency on macrophages
and foam cells.33 Other methods can be used to estimate
cellular iron stores in patients. The lower levels of ferritin
in the manic state may be due to limited external supply of
iron and/or vitamin C. Our patients did not report use of
drugs or infections that could impair absorption of iron or
be associated with blood loss.
The present study has specific limitations. The reduced
sample size may have limited the statistical power
necessary to show significant differences between the
groups. The p-values obtained for CRP (0.056) do,
however, suggest a trend toward higher levels of CRP
in patients with BD in comparison with healthy controls.
Furthermore, we chose to minimize the chance of
obtaining false positives by using Bonferroni correction;
this choice may increase the probability of producing false
negatives. Another limitation of the study is the lack of
information about other confounding variables, such as
the number of previous episodes and lifestyle factors
(eating habits and physical activity).
The influence of medication on Hcy levels is controversial. Studies have shown no significant differences
in Hcy levels between patients administered lithium
in comparison with those not administered lithium,
neuroleptics or valproate.34
Given the substantial risk of cardiovascular disease,
rigorous assessment of cardiovascular risk is warranted

Table 1 Biochemical parameters (mean 6 standard deviation)
Bipolar patients
Mania
Homocysteine (mmol/L)
Vitamin B12 (rg/ml)
Folate (gg/ml)
Ferritin (gg/ml)
C-reactive protein (mg/L)
Creatine kinase (U/L)

7.7460.99
425.04633.93
10.8161.11
126.69627.39
5.1761.39
175.84645.98

Euthymia
7.6660.87
433.56646.46
9.5060.60
172.74632.27
4.6961.43
79.4369.83

Controls
4.1760.63
345.40619.12
10.3660.95
171.94628.79
3.8060.96
92.67617.19

p-value
{

0.003
0.124
0.334{
0.044
0.701{
0.006

Adjusted p-value*
0.101
0.996
0.622{
0.016
0.056
0.112

* Adjusted by body mass index.
{
p , 0.05.
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for patients with BD. Modifiable risk factors should be
addressed when identified. Further research is needed to
study the mechanisms underlying elevated risk of
cardiovascular disease in this patient population.
Delivery of medical and psychiatric care should be
integrated for individuals with BD.
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