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Introduction


It has been amply documented in both epidemiological 
and clinical studies across multiple countries that adults 
with bipolar disorder (BD) are differentially affected by 
overweight and obesity. Emerging evidence also indicates 
that the genetic susceptibility to BD may be moderated by 
the obesity phenotype [1]. An increased rate of metabolic 
syndrome (MetS; defined as a cluster of clinical and bio-
chemical risk factors for cardiovascular disease and type 2 
diabetes mellitus) has been documented in individuals with 
BD before [2–8]. There are several variables that moder-
ate/mediate the increased risk of metabolic morbidity in 
adults with BD including but not limited to iatrogenic arti-
facts, for example Lithium, Olanzapine, Clozapine, Quetia-
pine, and Valproic Acid [9]. Available evidence and results 
of medication-naïve BD adults support the hypothesis that 
non-iatrogenic factors also predispose and portend excess 
metabolic morbidity in BD populations [10]. The literature 
agrees on biological abnormalities present in both obesity 
and affective disorders including dysregulation of the hypo-
thalamic–pituitary–adrenal (HPA) axis, and dysfunctions of 
the central serotonin, norepinephrine, and dopamine neuro-
transmitter systems [11].


Overweight and obesity are associated with a worse BD 
prognosis and unfavorable treatment response. For exam-
ple, overweight and obese BD individuals were more prone 
to an increased recurrence of manic and depressive episodes 
during lifetime and exhibited longer time in acute treatment 
compared with normal-weight patients [12]. Furthermore, 
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overweight and obesity were associated with a chronic 
course of illness, more suicidality, and lower global function-
ing scores [13]. Goldstein et al. [14] found that overweight 
and obesity are related to treatment seeking, longer depres-
sive episodes, lower social functioning, and more psychiatric 
as well as medical comorbidities in BD. A more recent study 
showed them to be associated with patient-reported cognitive 
deficits in BD [15]. Less is reported about the significance 
of body composition in BD. Recent studies observed a rela-
tionship between depression and higher adipose tissue mass, 
especially in the upper abdomen and the neck [16].


The aim of the present study is to evaluate subcutane-
ous adipose tissue thickness (SAT) profiles measured by 
Lipometer® [17], a noninvasive method to determine the 
extent of SAT distribution phenotypes, in an Austrian popu-
lation of BD. It was hypothesized that bipolar individuals 
exhibit more body fat, especially in the trunk area com-
pared with healthy controls. Yet another question of interest 
was the impact of MetS in our Austrian cohort and asso-
ciations of the investigated anthropometric variables with 
clinical variables including the monoamine neurotransmit-
ters and staging parameters.


Methods


Participants


Bipolar individuals


A sample of 100 BD patients was recruited from the dedi-
cated outpatient clinic for bipolar disorders at the Psychiat-
ric Division of the Medical University of Graz. All patients 
took part in the “BIPFAT” study enrolling euthymic BD 
patients with complete actual and lifetime psychiatric his-
tory (SCID interview), anthropometric measure (includ-
ing lipometry), fasting blood, cognitive testing, magnet 
resonance tomography, EEG, stool sample, and different 
lifestyle questionnaires. The “BIPFAT” study is a cross-
sectional study, which aims to elucidate the implications 
of obesity in BD, with focus on the complex relationship 
between body fat distribution, cognition, course of disease, 
inflammation, brain structure, and genetics. As the “BIP-
FAT” study is still ongoing, the present report focusses on 
the preliminary results in anthropometric measures and 
lipometry. For analyses, clinical staging, blood pressure, 
epinephrine, serotonin, and lipids (triglycerides, HDL) as 
well as fasting glucose were included.


Clinical characteristics


All individuals included had a diagnosis of BD according to 
the DSM-IV guidelines and presented euthymic (Hamilton 


depression score ≤8, n = 48 %) or sub-syndromal mood 
scores (Hamilton depression score ≤14, n = 52 %). All 
patients had a Young mania rating scale score under 6. 
Clinical staging was done according to the staging model 
of Kapczinski et al.: stage 1—well-established periods of 
euthymia, absence of psychiatric morbidity between epi-
sodes; stage 2—rapid cycling or current axis I or II comor-
bidity, transient impairment; stage 3—clinically relevant 
pattern of cognitive and functioning deterioration; stage 
4—cognitive and functioning impairment, unable to live 
autonomously [18]. We defined staging according to these 
criteria by combining (1) the subjective estimation of the 
treating psychiatrist/psychologist at our outpatient center, 
(2) subjective estimation of cognitive or functional impair-
ment of the patient him/herself, and (3) objective testing of 
cognitive function. The main age of BD patients was 44.18 
(SD = 16.20) years.


Healthy controls


A cohort of 57 healthy controls referred as control group 
(22 males vs. 35 females). Healthy controls were recruited 
via open invitation, and inclusion criteria were the absence 
of psychiatric symptoms in lifetime and no first-degree 
family history of psychiatric disorder. The main age of con-
trols was 40.73 (SD = 15.55) years.


Measurements


Overweight (BMI ≥ 25.0 kg/m2) and obesity 
(BMI ≥ 30.0 kg/m2) were assessed using anthropometric 
measurements: body mass index BMI (kg/m2), respectively, 
waist circumference WC (cm), hip circumference HC (cm), 
waist-to-hip ratio WHR (waist circumference/hip circum-
ference) and waist-to-height ratio WHtR (waist circumfer-
ence/height). Moreover, body fat distribution was assessed 
by lipometry (Lipometer®) measuring adipose tissue thick-
ness (mm) at 15 defined points (displayed in Table 1). 
All anthropometric measurements were made by trained 
observers with standard techniques: Weight and height was 
measured by a SECA scale (Seca, Germany) without heavy 
clothing. Circumferences were assessed with plastic tapes 
(waist: midway between the lowest rib and the iliac crest, 
hips: at the widest level over the greater trochanters).


In our sample, we defined MetS using the criteria from 
the International Diabetes Federation including central obe-
sity (waist circumference ≥94 cm in males and ≥80 cm 
in females) plus any two of the following factors: raised 
triglycerides (>150 mg/dL or specific treatment for this 
lipid abnormality), reduced HDL cholesterol (<40 mg/dL 
in males, <50 mg/dL in females or specific treatment for 
this lipid abnormality), raised blood pressure (systolic 
BP ≥ 130 or diastolic BP ≥ 85 mm Hg or treatment of 
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Table 1  Basic statistics (means and standard deviations) for the anthropometrics including SAT data (controlled for gender, age, and BMI) at 15 
specified body sites and the MetS indicators in BD individuals and healthy controls


Statistically significant group differences by (M)ANCOVAs in bold letters


BMI body mass index, SAT subcutaneous adipose tissue, TBF total body fat, MetS metabolic syndrome (IDF criteria: central obesity, raised tri-
glycerides, reduced HDL cholesterol, raised blood pressure, raised fasting plasma glucose)


*** p < .001; ** p < .01; * p < .05


Women with BD 
(n = 47)


Healthy women 
(n = 35)


Men with BD  
(n = 53)


Healthy men (n = 22)


Means (±SD) Means (±SD) Means (±SD) Means (±SD) F group F gender


Age (years) 43.39 (17.96) 41.86 (14.29) 44.89 (14.60) 38.91 (17.56)


Anthropometrics


 BMI (kg/m2) 27.86 (6.44) 24.13 (4.16) 29.25 (6.72) 25.42 (3.04) 15.21*** 1.91


 Waist circumference 
(cm)


91.03 (15.74) 85.80 (22.20) 103.81 (16.81) 90.66 (9.75) 10.10** 9.30**


 Hip circumference  
(cm)


103.50 (13.40) 97.10 (10.74) 104.51 (14.98) 95.55 (6.47) 12.79*** .016


 Waist-to-hip ratio .88 (.08) .88 (.15) .99 (.08) .95 (.07) 1.86 31.55***


 Waist-to-height ratio .55 (.11) .51 (.13) .58 (.10) .51 (.06) 8.93** .430


SAT points


 1. Neck (mm) 7.09 (3.99) 5.93 (3.80) 7.10 (3.14) 5.20 (3.26) .207 2.46


 2. Triceps (mm) 10.53 (3.10) 9.50 (3.51) 6.61 (3.09) 5.92 (2.87) .069 66.37***


 3. Biceps (mm) 8.25 (4.34) 7.04 (3.20) 5.24 (3.11) 3.78 (2.67) .2.65 44.69***


 4. Upper back (mm) 6.94 (3.71) 5.40 (2.59) 6.37 (2.82) 5.07 (2.30) .891 3.74


 5. Front chest (mm) 11.0 (4.59) 8.92 (3.71) 10.4 (4.39) 8.50 (4.02) .818 3.09


 6. Lateral chest (mm) 12.28 (6.58) 8.90 (4.42) 9.53 (4.24) 7.74 (3.63) 1.69 10.58**


 7. Upper abdomen 
(mm)


10.50 (4.03) 8.00 (3.44) 9.57 (3.17) 7.61 (2.86) 5.50* 3.03


 8. Lower abdomen 
(mm)


9.52 (3.66) 8.85 (3.72) 8.23 (3.08) 8.43 (2.63) .098 3.35


 9. Lower back (mm) 8.66 (2.96) 9.90 (8.47) 7.74 (7.49) 7.01 (2.91) .214 3.97*


 10. Hip (mm) 9.43 (4.50) 8.93 (3.77) 7.48 (2.93) 8.53 (2.57) 2.58 7.05**


 11. Front thigh (mm) 7.37 (2.25) 7.53 (2.05) 4.36 (2.15) 4.79 (2.02) .494 62.92***


 12. Lateral thigh  
(mm)


6.55 (2.33) 6.84 (2.27) 3.69 (2.06) 4.75 (2.54) 3.79 46.29***


 13. Rear thigh (mm) 6.19 (2.57) 5.64 (2.39) 3.53 (1.89) 3.31 (1.65) .728 51.36***


 14. Inner thigh (mm) 7.92 (2.50) 7.25 (2.15) 5.40 (1.82) 6.34 (2.48) .212 21.62***


 15. Calf (mm) 3.82 (1.51) 4.31 (1.66) 2.43 (1.56) 2.17 (1.16) .558 53.89***


 TBF (%) 23.31 (5.40) 22.15 (5.01) 17.22 (4.85) 16.52 (4.40) .033 59.51***


MetS indicators


 Plasma glucose 
(mg/dL)


95.64 (21.77) 91.31 (7.60) 99.63 (15.71) 95.1 (8.16) 2.36 28.11***


 Triglycerides  
(mg/dL)


96.28 (51.0) 77.62 (30.11) 144.14 (87.76) 86.3 (63.14) 9.20** 5.07*


 HDL cholesterol 
(mg/dL)


67.5 (18.39) 71.69 (18.46) 49.24 (11.12) 61.7 (15.25) 11.14** 23.37***


 Systolic blood  
pressure (mm Hg)


122.39 (13.4) 123.15 (16.5) 129.9 (13.19) 128.65 (14.88) .306 8.24**


 Diastolic blood pres-
sure (mm Hg)


80.8 (8.47) 84.26 (13.77) 83.0 (8.51) 80.59 (7.49) .579 .042


 Mean number of  
MetS criteria  
fulfilled


1.43 (1.27) 1.40 (.97) 2.25 (1.14) 1.14 (1.20) 1.09 .498
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previously diagnosed hypertension), raised fasting plasma 
glucose ≥100 mg/dL or previously diagnosed type 2  
diabetes) [19].


Fasting blood samples were collected between 8.00 a.m. 
and 9.30 a.m. for measuring serum markers and catecho-
lamines. Samples were stored at −80 °C. Blood samples 
(9 mL) were taken in chilled tubes with EDTA anticoag-
ulant, 30 min after venipuncture, from patients resting in 
the supine position. Plasma catecholamines were measured 
by radioenzymatic technique using a commercial kit (Cat-
echolamine—RIA®, DIAGNOSTIKA GMBH, Hamburg, 
Germany). All of the samples were analyzed by the same 
blinded technician. The study had been approved by the 
local ethics committee (Medical University of Graz, Aus-
tria) in compliance with the current revision of the Declara-
tion of Helsinki, ICG guideline for Good Clinical Practice 
and current regulations (EK number: 24-123 ex 11/12). All 
participants signed informed consent forms.


Statistical analysis


To assess SAT data for various possible confounding vari-
ables, a multivariate analysis of covariance model (MAN-
COVA) was applied. We performed a 2 × 2 MANCOVA 
with group (BD vs. control group) and gender as between-
subject factors and SAT data as within-subject factors (BMI 
and age were included as covariates). A second MAN-
COVA was conducted with same between-subject factors, 
the anthropometrics (BMI, WC, HC, WHR, WHtR) as 
dependent variables, and age as covariate. ANCOVAs with 
same design controlling for BMI and age were conducted 
for the MetS indicators (serum levels and blood pressure, 
respectively). Relationships between anthropometrics and 
biochemical characteristics were tested with Pearson corre-
lation analysis in both groups. Spearman rank correlations 
were used to test associations between anthropometrics and 
clinical staging as well as mean number of MetS criteria 
in the BD group. As multiple measurements were con-
ducted, Bonferroni corrections were done. A Kolmogorov–
Smirnov test was carried out on the assessed variables, and 
these were shown to be normally distributed.


Results


Sixty-nine percent of the patients versus 37 % of the con-
trols had a BMI ≥ 25, and 31 % of the patients versus 14 % 
of the controls had a BMI ≥ 30 (χ2 = 15.58, p < .001).


In the BD group, mood-stabilizing medication was dis-
tributed as follows: lithium 24 %, atypical antipsychotics 
48 %, antiepileptics 28 %. However, medication type and 
dose were distributed heterogeneous, and most patients 
received combination therapy. Results show a trend merely 


for lithium intake indicating that patients medicated with 
lithium exhibit higher BMI (t = −1.94, p = .059). Testing 
differences in anthropometrics between BD patients and 
controls, the MANCOVA indicates a significant main effect 
for group [F = 3.66, p < .01 (Bonferroni corrected); Partial 
η2 = .109] and gender [F = 39.38, p < .01 (Bonferroni cor-
rected); Partial η2 = .569]. Multivariate results for the SAT 
data show significant effects for gender [F = 14.43, p < .003 
(Bonferroni corrected); Partial η2 = .673], and for the 
covariates age [F = 9.70, p < .003 (Bonferroni corrected); 
Partial η2 = .584] and BMI [F = 48.78, p < .003 (Bonfer-
roni corrected); Partial η2 = .875], and a tendency toward 
significance for the factor group (F = 1.58, p = .069; Par-
tial η2 = .184). No significant interactions between group 
and gender were found in both MANCOVAs. Table 1 gives 
the univariate results, means, and standard deviations.


The data further show that 37 % of the BD patients 
fulfilled the criteria for the MetS (47.2 % of males, and 
25.5 % of females). In the healthy control group (n = 53), 
the frequency of MetS (15.8 %) was significantly lower 
(χ2 = 8.14, p < .01). Differences in median MetS factors 
between BD patients and controls can be seen in Table 1. 
For additional comparison, Austrian data about the preva-
lence of MetS show that in a respective age group (45–
75 years), 20.5 % of males and 13.4 % of females exhibit 
MetS [20].


Table 2 gives the associations between anthropometrics/ 
metabolics with clinical variables (staging, epinephrine) 
in the BD sample. No significant associations were found 
for serotonin. No significant correlations were observed in 
the control group. However, smoking (cigarettes per day) 
was correlated with HDL (r = −.31, p < .01), and triglyc-
erides in the BD group (r = .32, p < .01), and with sys-
tolic blood pressure (r = −.49, p < .05), fat at upper abdo-
men (r = −.48, p < .05), and hip circumference (r = −.69, 
p < .01) in the control group.


Discussion


As hypothesized, the results clearly indicate a higher 
amount of central obesity and MetS in Austrian BD indi-
viduals compared to controls. Especially, the anthropomet-
ric indicators waist circumference, hip circumference, and 
WHtR were highly increased in BD patients. The Lipom-
eter® findings indicate same trend, and BD patients exhibit 
higher subcutaneous adipose tissue at upper abdomen, 
although the effects were small and multivariate group 
effects were found merely at the 10 % level. So we are 
constrained to interpret the obtained lipometry results. The 
correlation analyses between SAT data and metabolic char-
acteristics did not show seminal results as well. However, it 
is well mentioned that different fat compartments may be 
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associated with different metabolic risk. Visceral adipose 
tissue (VAT) present in abdominal cavity is among others 
more cellular, vascular, innervated and contains a larger 
number of inflammatory and immune cells compared with 
adipose tissue present in subcutaneous areas [21]. In the lit-
erature, VAT was more strongly correlated with metabolic 
risk factors than SAT [22]. As reported before, abdominal 


obesity is one of the major pathogenic factors for the 
MetS [19]. In recent studies, it has been shown that trunk 
weighted fat accumulation was correlated with chronic 
low-grade inflammation, which is an important contributor 
to cardiovascular disease [23, 24]. The observed gender dif-
ferences indicate a higher amount of body fat in women, 
but increased metabolic risk factors for men.


Table 2  Correlation coefficients (r) between anthropometric variables with clinical and metabolic characteristics in the bipolar sample 
(n = 100)


Statistically significant associations computed by Pearson’s and Spearman’s correlation analyses in bold letters


BMI body mass index, SAT subcutaneous adipose tissue, TBF total body fat, MetS metabolic syndrome (IDF criteria: central obesity, raised tri-
glycerides, reduced HDL cholesterol, raised blood pressure, raised fasting plasma glucose)


** p < .01; * p < .05


Staging Epinephrine Plasma glucose 
(mg/dL)


Triglycerides 
(mg/dL)


HDL choles-
terol (mg/dL)


Systolic blood 
pressure (mm 
Hg)


Diastolic blood 
pressure (mm 
Hg)


Mean number of 
MetS criteria


Anthropometrics


 BMI .21* .01 .44** .02 −.28* .44** .38** .60**
 Waist circum-


ference
.28** −.02 .43* .08 −.35** .44** .39* .74**


 Hip circum-
ference


.34** −.01 .40** .00 −.21 .37* .32** .59**


 Waist-to-hip 
ratio


.12 −.02 .25** .17 −.37** .29* .28* .54**


 Waist-to-
height ratio


.31** .01 .46** .04 −.28** .43** .37** .71**


SAT points


 1. Neck .22* .17 .26* .16 −.27** .22* .09 .46**
 2. Triceps .12 .19 .06 −.16 .24* −.07 .09 .02
 3. Biceps .20* .10 .03 −.10 .07 −.01 .18 .17
 4. Upper 


back
.30** .31** .14 .04 −.21 .11 .16 .38**


 5. Front chest .15 .25* .17 .11 −.17 .13 .15 .37**
 6. Lateral 


chest
.27** .21 .22 −.02 −.05 .06 .03 .27**


 7. Upper 
abdomen


.14 .20* .16 .06 −.07 .15 .17 .23*


 8. Lower 
abdomen


.02 .29* .04 −.10 .04 −.09 −.15 .08


 9. Lower 
back


.10 .27* .05 −.09 .08 −.06 .03 .05


 10. Hip −.01 .19 .14 −.09 .13 .04 .04 .14
 11. Front 


thigh
−.03 .22 −.02 −.33** .30** −.21 −.18 −.25*


 12. Lateral 
thigh


.00 −.02 −.10 −.37** .30** −.17 −.16 −.19


 13. Rear 
thigh


.06 .14 −.14 −.19 .20 −.24* −.17 −.19


 14. Inner 
thigh


−.05 .07 .12 −.01 .05 −.14 −.09 −.12


 15. Calf .04 .08 −.02 −.35** .15 −.16 −.05 −.12
 TBF (mass) .20* .17 .20 −.07 −.15 .21 .24* .41*
 TBF (%) .18 .25* .02 −.15 .16 −.06 −.02 .03
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Our findings further suggest that increased epinephrine 
is associated with high body fat at central body sites in BD. 
Epinephrine, as a hormone and neurotransmitter, acts on 
nearly all body tissues regulating heart rate, blood vessel, 
lipolysis, and release of glucose and is known to activate 
the HPA axis [25]. Catecholamine dysfunction is described 
to be a state-dependent phenomenon in BD and is associ-
ated with chronic alterations in cortisol and catechola-
mine concentrations as well as insulin resistance [26]. It 
is hypothesized that the excess activity/energy demand of 
hypomania may further activate the HPA axis and the sym-
pathetic nervous system resulting in a deficit in energy bal-
ance in the brain [27]. The consequence of this sequence 
of events is a relative increase in appetite and food intake. 
It inhibits the consumption of glucose in the periphery by 
the inhibition of insulin to increase the availability of glu-
cose in the central nervous system [28]. Albeit adaptive, the 
foregoing interrelated systems when chronically activated 
are hypothesized to result in allostatic load as evidenced by 
incident type 2 diabetes mellitus, cardiovascular disease, 
and MetS. Higher abdominal body fat in BD may lead to 
hyperarousal and probably stronger activation of the HPA 
axis, which perpetuate the vicious circle. We assume that 
patients with central obesity exhibit altered stress response 
which may contribute to a more severe course of illness.


In keeping with this view, the present study is the first 
that demonstrates that central and upper-body obesity is 
related to clinical staging. Staging is associated with a less 
favorable response to treatment and a worse prognosis in 
progressive stages [18]. We suggest that preventing and 
treating obesity could decrease the progression of the dis-
order and would contribute to the course of BD in a posi-
tive way. Basically, we suppose that any coherent compre-
hensive empirically supported staging model for BD would 
need to include measures of obesity and MetS.


Limitations


Our study, like others, was limited by the fact that all par-
ticipants received disparate pharmacological regimens 
including but are not limited to conventional mood-stabi-
lizing therapies. So we cannot exclude a medication effect 
explaining the high incidence of obesity in BD. Another 
problem inherent of this study was that the control group 
was a convenience sample, and therefore not matched for 
body weight. Therefore, BMI as potential confounding fac-
tor was introduced as covariate into the statistical analy-
ses. In addition, lifestyle, dietary activity as well as activ-
ity/energy expenditure was not adjusted or controlled. A 
future study with longitudinal design and evaluation of the 
psychological, clinical and neurobiological characteristics 
related to obesity in BD would be the next step. Especially, 
examining the SAT measures in relationship of marker of 


inflammation might be of special interest, in order as adi-
pose tissue is a major source of inflammation.


Clinical implications and conclusions


In summary, clinicians treating individuals with BD should 
be aware of the explicitly increased cardiovascular risk 
mediated by the occurrence of MetS. Possible interventions 
in BD might include educational trainings and a conse-
quent changing of lifestyle, as well as regular assessment 
of medical, metabolic, and behavioral factors associated 
with overweight and obesity. Moreover, future endeavors 
that broadly aim to preempt and/or prevent BD would need 
to strategically address the illness-progressing effects of 
obesity phenotype.
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