
Introduction
 Mood Disorders (MD), also called affective disorders, consist 
of a variety of conditions characterized by a disturbance in mood 
as the main feature. Any disturbance in emotional states that causes  
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discomfort or hinders our ability to function properly is a form of 
mood disorder. Symptoms vary by individual, and can range from 
mild to severe. If mild or occasional changes mood may be normal, 
if more severe they may be a sign of a major depressive disorder, a 
dysthymic reaction or be symptomatic of a bipolar disorder. Also, oth-
er mood disorders may be caused by a general medication condition. 
According of new DSM-5 classification the main types of affective 
disorders are bipolar disorders and depressive disorders [1].

 The late life depression is an important public health problem, 
because is associated with increased risk of morbidity, decreased 
physical, cognitive and social functioning, and greater self-neglect, 
all of which are in turn associated with increased mortality. Clinically 
significant depressive symptoms are present in approximately 15% 
of community-dwelling older adults [2]. Especially in the elderly, the 
multidimensional approach allows a larger and more complete evalu-
ation of the patient, of him sociological, biological and psychological 
dimensions, in their own dynamic assembly, like a total human [3].

 The most of the literature showed that changes in serum lipids 
levels are correlated with several psychopathological conditions like 
schizophrenia, depression, posttraumatic stress disorder and other 
anxiety disorders, aggressiveness, impulsiveness and suicide. More-
over, it has been suggested that total cholesterol might be useful 
biomarker for detecting the risk of suicide and a prognostic value in 
managing severely depressed patients [4,5]. However, involvement 
of serum cholesterol in pathogenesis of psychiatric disorders has been 
doubted by few authors on the basis of their studies that have not 
found any correlation between serum cholesterol and psychiatric dis-
orders [6]. Other results do not support the use of biological indicators 
such as serum lipids either to predict the psychiatric outcome or any 
association between the two. There are very few studies showing no 
significant association between low lipid profile and psychiatric dis-
orders [7].

 The study conducted by Ancelin et al., [8] observed a relation-
ship between reduced LDL-cholesterol level in plasma and decreased 
brain cell membrane cholesterol, which in consequence might lead 
to changes in density and functioning of serotoninergic transporters 
or receptors. Other researcher in several studies [9,10] noted statis-
tically significant lower levels of HDL-cholesterol in patients with 
chronic depression than in control group and also higher atherogenic 
indices than control group. Community studies have shown that 25% 
of the elderly report depressive symptoms and 1% to 9% meet the 
criteria of having major depression [11,12]. Also, Morgan et al., [13] 
reported that depressive symptomatology was 3 times more common 
in elderly persons with lowered cholesterol levels, study confirmed 
by Aijanseppa et al., [14]. However, studies linking the lipid profile to 
depression are inconsistent, from direct to inverse or no correlation. 
Nevertheless, MD is clearly associated with increased atherogenicity. 
Taking into account all the above, the aim of the study was to inves-
tigate a possible association between lipid changes (by lipid serum 
panel and atherogenic index), cardiovascular risk (by HeartScore) and 
mood disorders appearance in older patients.
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Abstract
 Several studies established that there is a relationship between 
serum lipid profile and various psychopathological conditions. Aim 
of the study was to investigate a possible association between lip-
id changes, cardiovascular risk and mood disorders appearance in 
older patients. Observational cross-sectional study included 242 
patients over 55 years old: 134 with mood disorders and 108 con-
trol group. Atherogenic index was computed as log (triglycerides/
HDL-cholesterol) and HeartScore from a cardiovascular disease risk 
assessment system.

 Study data revealed that patients with mood disorders have low 
HDL-cholesterol (p<0.05) and high atherogenic index and Heart-
Score (p<0.01 respectively p<0.05) vs. control. Also, we found a 
positive correlation between atherogenic index and HeartScore at 
mood disorders patients (p<0.00001). Multivariate logistic regres-
sion analysis showed that, compared to low risk, patients with high 
atherogenic index had 2.00-fold risk for mood disorders [OR 2.00, 
95% CI: 1.10-3.63; p=0.022]. As for patients with high HeartScore, 
they were 2.09 times likely to have mood disorders (OR 2.09, 95% 
CI: 1.21-3.58; p=0.006). These findings suggest that changes in lipid 
panel, which triggers high atherogenic status, are strongly involved 
in the pathophysiology of mood disorders. Longitudinal studies are 
needed to confirm whether these indices with discriminatory power 
maintain their prognostic capacity in long term.
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Methods
Patients and procedures

 Observational cross-sectional study comprised a number of 242 
patients over 55 years old, hospitalized in ”Ana Aslan” National In-
stitute of Gerontology and Geriatrics; 134 with MD vs. 108 control 
group. The subjects’ selection for the study was made respecting the 
inclusion and exclusion criteria that were initially set.

Inclusion criteria: Patients that were diagnosed with different mood 
disorders based on International Classification of Mental and Be-
havioural Disorders, 10th edition [15]. According to international di-
agnostic criteria (DSM-5, ICD-10), an independent team of clinicians 
with extensive experience established the clinical diagnosis based 
on data sets from gerontopsychiatric and neurological clinical exam-
inations and laboratory investigations. Investigation, psychological 
assessment of patients and assessing the results imposed selecting 
and applying specific gerontopsychological methods to achieve the 
intended purpose. We take into account only the presence/absence of 
MD.

Exclusion criteria: Patients with co-morbid conditions which may 
affect the values of the laboratory parameters of the study: like hor-
mone-related disorders, diabetes mellitus, cardiovascular diseases, 
stroke, acute and chronic inflammatory state, neoplasia, and liver 
dysfunction.

 Study has been carried out in accordance with The Code of Ethics 
of the World Medical Association (Declaration of Helsinki). Written 
informed consent was obtained from all the study participants prior to 
their enrollment. For assessing the cognitive function of patient it has 
been used the screening test MMSE - Mini Mental State Examination. 
Any score equal or greater than 24 points (out of 30) indicates a nor-
mal cognition functioning [16].

 For depression assessment it has been used Geriatric Depression 
Scale - Long Form (GDS-LF), with 30 items [17]. This test contains 
no somatic items that can introduce age bias into the depression 
screening scale among the elderly population.

The cut-off score for GDF-LF is:

• Normal (0-9)

• Mild depression (10-19)

• Severe depression (20-30)

 All the patients received physical examination, laboratory tests 
and comprehensive psychological evaluations. We retrieved demo-
graphic information (age, sex, ethnicity and smoking) and clinical in-
formation (height, weight, body mass index, blood pressure, glucose 
serum levels and a lipid panel serum). Also other clinical information 
was included as psychological diagnosis, medications intake and oth-
er clinical illness. Body mass index was calculated as weight divided 
by square of height (kg/m2).

 Blood samples were taken from all participants after 12-14 hours 
fasting, by venopuncture into vacutainers without anticoagulant. 
Lipid serum profile (total cholesterol, HDL-cholesterol, LDL-cho-
lesterol, triglycerides) was assayed using commercial laboratory kits 
on automated analyzer Konelab 301 SC. From lipid serum panel we 
computed atherogenic index (AI) as log (triglycerides/HDL-choles-
terol) and its values are associated with:

• Low risk -0.3 ÷ 0.1 

• Medium risk 0.1 ÷ 0.24

• High risk above 0.24

 Cardiovascular risk was estimated with HeartScore, an interactive 
version of SCORE - Systematic Coronary Risk Evaluation - a car-
diovascular disease risk assessment system initiated by the European 
Society of Cardiology [18].

 The HeartScore risk was divided into three subclasses according 
to the various algorithms:

• Low risk (HeartScore<2%), 

• Intermediate risk (HeartScore2% but<5%) and 

• High risk (HeartScore>5%)

Statistical analysis

 Data were collected and statistically analyzed through SPSS 
version 18.0. Graphs and tables are generated with Microsoft Word 
and Excel program. For quantitative values, results were expressed 
as means ± S.D. The general characteristics of patients were com-
pared using Student’s “t” test for continuous variables. Pearson test 
was used to compare categorical variables. The relationship between 
lipid serum levels, HeartScore and AI was assessed using a linear re-
gression model. The prevalence of MD according to AI respectively 
HeartScore risk categories was calculated by logistic regression mod-
el. The Odds Ratios (OR) and their 95% Confidence Intervals (CI) 
were estimated by multivariable logistic regression analyses. In all 
calculations, p<0.05 was considered as statistically significant level.

Results
 The distribution by gender of the patients studied is: 84.36% (209) 
women and 13.63% (33) men. Of these 242 patients, 134 had mood 
disorders (14.17% men) and 108 control group (12.96% men). The 
mean age of the studied patients was 65.46 years (Table 1).

 There were no differences in body mass index and glycemic lev-
els are in normal range. On the contrary, there were changes in lip-
id parameters as low levels of: cholesterol (statistical insignificant), 
LDL-cholesterol (statistical insignificant) and HDL-cholesterol 
(p<0.05) in MD patients vs. control (Table 1). From the point of view 
of atherogenic indices, many researchers believe that they could play 
an important role in the evaluation of the depression risk [19-21]. Our 
study showed that AI and HeartScore values (Table 2) are significant-
ly increased in MD patients vs. control (p<0.01 respectively p<0.05).  

Mood disorders patients (n=134) Control (n=108) 

Age (years) 65.67±6.56 65.25±7.17

Body mass index  (kg/m2) 27.98±5.21 28.08±4.37

Glycemia (mg/dl) 103.55±30.73* 97.57±17.31

Cholesterol (mg/dl) 207.66±46.01 210.51±42.16

Triglycerides (mg/dl) 131±67.53 120.64±69.34

HDL-Cholesterol (mg/dl) 53.38±17.98* 58.50±21.02

LDL-Cholesterol (mg/dl) 129±43.88 131±41.14

Table 1: Baseline characteristics of the studied patients.

Results are presented as means±SD; p*<0.05 vs. C
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Moreover, for MD patients, the average value of HeartScore is over 2, 
which means an intermediate cardiovascular risk for them.

 From the point of view of dyslipidemia, high risk AI and Heart-
Score is increased in MD patients (60.68% vs. 39.31% respectively 
56.66% vs. 43.33%) compared to control group (Table 3). There-
fore, the prevalence of dyslipidemia at MD patients increased from 
42.37% in the low risk AI group to 60.68% in the high risk AI group. 
For HeartScore, the prevalence of dyslipidemia increased too, from 
43.20% to 56.66%. Linear regression analyses revealed a significant 
positive correlation between AI and triglycerides (p<0.000001); be-
tween HeartScore and triglycerides (p<0.000001) and between AI and 
HeartScore (p<0.000001) at control group. For MD patients, AI and 
HeartScore (Figures 1 and 2) were significantly negative correlated 
with HDL-cholesterol (p<0.00001).

 Also, we found a positive significant correlation between AI and 
HeartScore (Figure 3) at MD patients (p<0.00001).

 Multivariate logistic regression analysis showed that, compared to 
low risk, patients with high AI had 2.00-fold risk for MD. The 95% 
confidence interval of the odds ratios [OR 2.00, 95% CI: 1.10-3.63; 
p=0.022] indicates that odds of MD are significantly higher for the 
patients with high AI compared to low AI group. Also, patients with  

high HeartScore were 2.09 times likely to have MD (OR 2.09, 95% 
CI: 1.21-3.58; p=0.006). AI test has 81.34% sensibility and speci-
ficity 31.48%, respectively HeartScore test a sensibility of 73.88% 
and specificity 42.59%. Longitudinal studies are needed to confirm 
whether these indices with discriminatory power maintain their prog-
nostic capacity in long term.

Table 2: Atherogenic status and cardiovascular risk at Mood disorders pa-
tients vs. Control.

Results are presented as means±SD; p*<0.05 vs. C, p**<0.01 vs. C

Table 3: Prevalence of dyslipidemia among Mood disorders patients vs. 
Control.

Mood disorders patients (n=134) Control (n=108)

Atherogenic index 0.35±0.31** 0.27±0.31

HeartScore 2.94±2.37* 2.41±1.90

Parameters
Mood disorders 

patients (%)
Control patients

(%)
Total

Cholesterol (mg/dl)
<200 (desirable)

200-239 (borderline)
>240 (high)

61 (58.09)
43 (54.43)
30 (51.72)

44 (41.90)
36 (45.56)
28 (48.27)

(105)
(79)
(58)

HDL-Cholesterol (mg/dl)
≤40 (low)
>40 (high)

31 (62)
103 (53.64)

19 (38)
89 (46.35)

(50)
(192)

LDL-Cholesterol (mg/dl)
<129 (desirable)

130-159 (borderline)
160-189 (high)

66 (56.89)
39 (54.92)
29 (52.72)

50 (43.10)
32 (45.07)
26 (47.27)

(116)
(71)
(55)

Tryglicerides (mg/dl)
<150 (desirable)

150-199 (borderline)
200-499 (high)

94 (53.10)
23 (58.97)
17 (65.38)

83 (46.89)
16 (41.02)
9 (34.61)

(177)
(39)
(26)

Atherogenic index 
-0.3-0.1 (low risk)

0.11-0.24 (medium risk)
>0.24 (high risk)

25 (42.37)
21 (55.26)
88 (60.68)

34 (57.62)
17 (44.73)
57 (39.31)

(59)
(38)
(145)

HeartScore
<2% (low risk)

2% but<5% (intermediate risk)
>5% (high risk)

35 (43.20)
82 (62.59)
17 (56.66)

46 (56.79)
49 (37.40)
13 (43.33)

(81)
(131)
(30)

Figure 1: Correlation between Atherogenic Index and HDL-cholesterol 
at MD patients.

Figure 2: Correlation between HeartScore and HDL-cholesterol at MD 
patients.

Figure 3: Correlation between Atherogenic Index and HeartScore at MD 
patients.
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Discussion

In our study, we found that patients with MD have:

• Significant low HDL-cholesterol

• Increased atherogenic index

• HeartScore was raised and revealed an intermediate cardiovascu-
lar risk

• Patients with high atherogenic index had 2.00-fold risk for MD 
and patients with high HeartScore were 2.09 times likely to have 
MD too

 It is known that high cholesterol is associated with cardiovascu-
lar diseases, in contrast to low cholesterol that could be involved in 
some medical conditions, such as cancer, depression and anxiety. Jia 
et al., [22] suggest that serum lipid profile may be directly linked to 
self-rated depression and cognitive performance. Some researchers 
theorize that low levels of cholesterol alter brain chemistry, enhanc-
ing the risk of depression due to the neuronal dysfunction [10,23]. 
Similar to our findings, several studies reported that low serum lev-
els of HDL-cholesterol are associated with cognitive impairment and 
depressive symptomatology in elderly patients [11,13,14]. Also, Hui 
et al., [24] found that serum HDL-cholesterol levels were positively 
correlated with cognitive function in patients with bipolar disorders, 
which suggests that abnormal serum HDL-cholesterol levels may 
influence cognitive function in patients with bipolar disorders. The 
finding of a positive association between low levels of cholesterol and 
depression symptomatology is in agreement with a number of studies 
[19,25,26].

 Some hypotheses have been advanced to explain the relation-
ship between cholesterol and depressed mood. One hypothesis [27] 
is that the decreased concentration of esterified cholesterol might be 
connected with the defect of chromosome 16. Other several studies 
presumed that decrease of cholesterol in the serum may lead to a de-
crease in the content of membrane cholesterol in the brain, decrease 
in microviscosity and availability of protein serotonin membrane re-
ceptors. This results in smaller serotonin uptake from the blood and 
smaller serotonin concentration in brain cells [5,28-30].

 Also, some researchers suggest another hypothesis that oxLDL 
activate the immune response of T cells and as a result the produc-
tion of IL-2 increases. This reaction leads to a decrease in melatonin 
secretion in the pineal gland, which in turn leads to depression symp-
toms and suicidal thoughts [31]. So, it is very important to establish 
lipid and lipid fraction levels at which the risk of developing MD 
becomes significant. Several biological changes influence the inci-
dence of cardiovascular diseases in depression and studies showed a 
higher frequency of cardiovascular risk factors among patients with 
depressive disorders, which can also explain the higher incidence of 
cardiovascular events [32,33]. Kalelioğlu et al., [29] indicate that AI 
may be more useful to identify individuals with bipolar disorders at 
high risk for cardiovascular diseases than absolute lipid parameters.

 Since there is a correlation between age, MD and high risk for 
cardiovascular events, any abnormal changes in lipid status of old-
er patients with MD should be notice, to reduce their cardiovascular 
risk. Low serum lipid concentration, according to the results of this 
study, seems to be an important factor for the occurrence and per-
sistence of MD. Increased cardiovascular risk among individuals with  

depression is multifactorial and requires several strategies towards 
cardiovascular risk reduction. Therefore, further investigations will 
help clarify the pathophysiology of MD in late life and promote more 
effective therapeutic strategies.

 Some limitations should also be considered. Firstly, psychiatric 
diseases, both rare and common should be studied for longer dura-
tion to know more about its association with lipid profile. Second, 
potential cofounders, such as lifestyle - smoking, low or no physical 
activity, dietary habits, also obesity and social factors - low occu-
pational status, low income, were not considered, therefore, residual 
confounding may exist in the multivariable logistic regression analy-
ses. Third, we are not taking into account the degree of MD, only the 
presence/absence of its.

Conclusion

 There is definitively a strong association between lipid profile, 
HeartScore and MD. Even if we cannot provide a clear conclusion, 
the results of our investigation suggested that serum lipids and athero-
genic index could be future biomarkers for MD development, enhanc-
ing their value for prevention, diagnostic and therapeutic purposes. 
Furthermore, future studies should take into account the link between 
atherogenic index, MD and low-lipid medication. We suggest that 
properly regulating the lipid levels, through diet and/or secondary 
risk factors, and/or adjusting lipid-lowering medication may be one of 
MD’s treatment pathways in older patients. On the other hand, treat-
ing MD patients who have high atherogenic index and HeartScore it 
might help reduce cardiovascular risk and raise the quality of life.
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