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INTRODUCTION

Depression is a widespread mental health disorder affecting a diverse range of people globally. 
According to estimates, it impacts roughly 350 million individuals worldwide.[1] A leading cause 
of disability, particularly among young adults (aged 25–49), depression ranks sixth in disability-

ABSTRACT
Objectives: This study investigates the potential of serum lipids as markers for depression, specifically focusing on 
symptoms such as suicidal ideation and anhedonia. In the context of advancing psychiatric biomarker research, 
this study aims to identify lipid-related markers and their underlying biological connections to depression, 
offering valuable insights for clinical practice and patient outcomes.

Material and Methods: This case-control observational study was conducted over 18 months at a tertiary care 
center. The study enrolled patients aged 18–60 years diagnosed with depression attending outpatient and inpatient 
departments, totaling 100 subjects, including 100 cases and 100 controls, with gender and body mass index (BMI)-
matched controls. Inclusion criteria for cases required depression diagnosis using the International Classification 
of Diseases-10-Diagnostic Criteria for Research criteria, while controls comprised healthy individuals within 
the same age range. Exclusion criteria encompassed comorbid psychiatric illnesses, substance use disorders 
(except tobacco), unstable medical conditions, lipid-lowering agent use, and a BMI over 30. Clinical assessments, 
including the Hamilton Depression Rating Scale-17 item scale, Modified Scale for Suicidal Ideation, and 
Snaith-Hamilton Pleasure Scale-Clinician administered, were administered. Serum lipid parameters, including 
triglycerides (TG), total cholesterol (TC), and high-density lipoprotein (HDL)-cholesterol, were measured.

Results: In a cross-sectional case-control study (n = 200), we examined serum lipids as potential depression 
biomarkers. Cases (n = 100) matched controls in age, BMI, and gender. Cases had lower TC (153.27 mg/dL vs. 
171.34 mg/dL, P < 0.01*). Serum TG and low-density lipoprotein also varied significantly with depression severity 
(P < 0.01*). However, HDL levels remained consistent. No significant associations were found between suicidal 
ideation and anhedonia, and post hoc analyses revealed significant differences (P ≤ 0.05) in lipid parameters across 
various depression severity levels.

Conclusion: These findings suggest a complex relationship between serum lipids and depression, with potential 
implications for understanding the biological underpinnings of depression and its severity. However, there was 
no such relationship that was observed between serum lipids and anhedonia or suicidal ideation. These insights 
could inform clinical practices and improve patient outcomes in depression management.
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adjusted life years as of 2019.[2] The severity of depression 
varies considerably, ranging from mild to severe, and is 
determined by the intensity of symptoms and their impact 
on daily functioning.[3-5] Characterized by a combination of 
emotional, cognitive, and physical symptoms, depression 
manifests differently in each person.[3] Mounting 
research delves into the connections between depression 
and physiological factors, with a particular focus on 
abnormalities in lipid profiles.[6] Several studies suggest 
that individuals with depression might exhibit disruptions 
in their lipid profile levels.[7-9] For instance, Glueck et al. 
observed significantly lower levels of total cholesterol 
(TC), low-density lipoprotein (LDL), and high-density 
lipoprotein (HDL) in patients diagnosed with affective 
disorders encompassing depression.[10] Similarly, Olusi and 
Fido reported lower serum TC levels in patients with major 
depressive disorder (MDD) compared to a healthy control 
group. These findings suggest a potential association between 
low serum TC and depression across various age groups and 
genders. Anhedonia, a core symptom of depression, has also 
been linked to lipid profile abnormalities.[11] Moreira et al. 
reported elevated LDL levels in individuals with unipolar 
depression and anhedonia.[4] However, Su et al. found 
contrasting results, with depressed patients experiencing 
anhedonia having lower LDL levels compared to those 
without anhedonia. These conflicting findings highlight the 
intricate nature of the relationship between anhedonia, lipid 
profiles, and depressive symptoms, underscoring the need for 
further research to gain a comprehensive understanding.[12] 
Hopelessness, another prominent symptom of depression, 
has been suggested to influence lipid profile levels. A  study 
by Fawcett et al. observed a potential association between 
hopelessness and elevated triglyceride and LDL levels.[13] 
Moreover, higher hopelessness scores correlated with a higher 
LDL to HDL ratio, indicating an unfavorable lipid profile.[14,15] 
These findings suggest a possible link between hopelessness 
and cardiovascular health, considering the established role 
of elevated triglycerides (TG) and LDL as risk factors for 
heart disease.[16] Cholesterol, a critical component of the 
lipid profile, plays a key role in various bodily processes. LDL 
cholesterol (LDL-C), often referred to as “bad cholesterol,” 
transports cholesterol to peripheral tissues and contributes to 
atherosclerosis and cardiovascular diseases. Conversely, HDL 
cholesterol (HDL-C), known as “good cholesterol,” helps 
eliminate excess cholesterol, thereby reducing cardiovascular 
risk. Imbalances in LDL-C and HDL-C levels are associated 
with increased cardiovascular risks among individuals with 
depression.[17,18]

Mechanisms underlying the relationship

The exact biological pathways connecting depression, 
anhedonia, hopelessness, and lipid profile abnormalities 
remain unclear.[19] Several hypotheses have emerged, including 

alterations within the neuroendocrine system, dysfunction 
of the hypothalamic-pituitary-adrenal axis (HPA axis), and 
epigenetic modifications influencing lipid metabolism.[20,21] 
Chronic stress, often found alongside depression, can lead to 
disruptions in cortisol levels, insulin resistance, and imbalances 
in lipid metabolism. Recent research sheds light on the complex 
interplay between epigenetic mechanisms, depression, and 
lipid dysregulation.[20] Epigenetic modifications, such as 
DNA methylation and histone acetylation, play a crucial 
role in shaping gene expression patterns relevant to both 
mood regulation and lipid metabolism.[21] Individuals with 
depression frequently exhibit epigenetic changes in genes 
associated with mood regulation and neurotransmitter 
function, impacting both depressive symptoms and lipid 
metabolism. Understanding these connections holds promise 
for developing comprehensive interventions targeting both 
psychological and physiological aspects of depression and its 
associated health risks.[21,22] Another proposed mechanism 
involves inflammation. The link between depression and 
chronic low-grade inflammation can have consequences for 
lipid metabolism. Inflammatory markers, such as C-reactive 
protein, influence lipid profile levels, including LDL-C 
and HDL-C. These inflammatory processes may disrupt 
the balance between cholesterol synthesis, absorption, and 
elimination, leading to dyslipidemia.[23,24] Dysregulation of 
neurotransmitters, particularly serotonin, might be a factor in 
the relationship between depression, anhedonia, hopelessness, 
and lipid profile abnormalities.[25] Serotonin’s involvement 
in mood regulation and its altered levels in individuals with 
depression suggest that disturbances in serotonin signaling 
may affect lipid metabolism, contributing to changes in lipid 
profile levels.[14] Understanding the relationship between 
depression, anhedonia, hopelessness, and lipid profile levels 
holds significant clinical weight. Monitoring lipid profile levels 
in individuals with depression, particularly those experiencing 
anhedonia or hopelessness, could aid in the early identification 
of those at higher risk for cardiovascular diseases.[26] In 
addition, managing depression and its associated symptoms, 
such as anhedonia and hopelessness, may positively impact 
lipid profile levels and cardiovascular health.[27] Existing 
treatment modalities for depression encompass psychotherapy, 
antidepressant medications, and lifestyle modifications. 
Incorporating regular physical activity, a balanced diet, and 
stress reduction techniques can significantly benefit both 
depressive symptoms and lipid profile levels.[28-30]

This investigation uniquely concentrates on serum lipids as 
potential indicators for depression, spanning symptoms such 
as suicidal ideation and anhedonia. In the evolving field of 
psychiatric biomarker research, this study promises to reveal 
lipid-related markers and the underlying biological links to 
depression, offering valuable insights for clinical practice and 
patient outcomes.
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MATERIAL AND METHODS

The primary objective of this case-control observational study 
is to investigate the potential of serum lipids as peripheral 
markers for depression. In addition, the study aims to explore 
the associations between serum lipids and two key aspects of 
depression: suicidal ideation and anhedonia. The study was 
conducted at a tertiary care center over 18 months. The study 
population consisted of patients diagnosed with depression, 
aged 18–60  years, attending the outpatient and inpatient 
departments. A  sample size of 200 subjects, with 100  cases 
and 100 age matched controls, was selected for the study.

“Data analysis was performed using Statistical Package 
for the Social Sciences, version  28. Various statistical tests, 
including unpaired t-test, Chi-square, one-way Analysis of 
Variance (ANOVA), Analysis of Covariance (ANCOVA), 
Partial correlation analysis, and post hoc analysis-pairwise 
comparison (Bonferroni correction), were employed to 
analyze the data. P < 0.05 was considered significant for t-test, 
Chi-square, one-way ANOVA, and ANCOVA. However, the 
P-value for the post hoc analysis-pairwise comparison of 
lipids and depression - Bonferroni correction was done, and 
a corrected P-value of 0.002 was obtained. Corrected P-value 
= original alpha level (0.05)/No. of comparisons (6/lipid 
parameter × 4 parameters).

The sample size calculation was performed using the 
formula: N = (Z^2 × P × (1–P))/d^2, where Z^2 represents 
the table value of the alpha error from the Standard Normal 
Distribution table, which is 1.96 ×1.96, equaling 3.84. The 
desired power (P) was set at 0.05, and (1-P) was calculated 
as 0.95. The precision error of estimation (d) was determined 
as 5%, resulting in d^2 being 0.0025. Therefore, N = (3.84 
× 0.05 × 0.95)/0.0025, which equals 73 (rounded off to 75). 
However, to increase the power of the study, a sample size 
of 100 patients per group was used, leading to a total sample 
size of 200 patients selected for the study. Cases were selected 
from the inpatient department and outpatient department 
of the psychiatry department at the medical college, while 
controls were recruited from attendants accompanying the 
patients and medical college staff who met the inclusion and 
exclusion criteria. Blood samples for serum lipid analysis 
were collected in the early morning after an overnight fast, 
and the blood was processed in the central laboratory of the 
medical college. “Outpatients were instructed to come to the 
hospital after an overnight fast of 8 h.”

Inclusion criteria for cases required patients to be diagnosed 
with depression using the International Classification of 
Diseases-10-Diagnostic Criteria for Research, diagnostic 
criteria, and be between 18 and 60  years of age. (We had 
taken patients with a primary diagnosis of depression. 
We also included the patients with co-morbid anxiety as 
part of depressive symptoms). Controls included healthy 

individuals within the same age range. Exclusion criteria for 
both cases and controls involved participants with co-morbid 
psychiatric illnesses (except depression and depression with 
comorbid anxiety) or recent substance use disorders except 
tobacco use disorders, active unstable medical conditions, 
participants on lipid-lowering agents, and those with a body 
mass index (BMI) >30.

The methodology involved recruiting eligible participants 
who provided written informed consent. Clinical interviews 
were conducted, and height, weight, and BMI measurements 
were taken. The severity of depression was assessed using 
the Hamilton Depression Rating Scale-17 (HAMD-17) item 
scale, while suicidal ideation and anhedonia were evaluated 
using the Modified Scale for Suicidal Ideation (MSSI) and 
Snaith-Hamilton Pleasure Scale-Clinician administered 
(SHAP-C), respectively. Laboratory procedures were 
conducted to measure plasma levels of TG, TC, and HDL 
cholesterol.

RESULTS

The cases and controls had an average age of 38 years, and 
gender distribution was consistent between the two groups, 
comprising 44% males and 56% females in both. The mean 
BMI among the cases and the controls was 23.5. However, 
marital status did exhibit significance (P = 0.003 – Chi-square 
test), with most controls being married (72%) compared 
to cases (52%). Employment and education status did not 
significantly differ between cases and controls. We used the 
HAMD-17 item to quantify the severity of depression. In the 
case group, the mean HAMD score was 20.32, whereas it was 
4.28 in the control group. Suicidal ideation in the case group 
was assessed using the MSSI, revealing a mean score of 14.84, 
with most cases (49%) reporting mild/moderate suicidal 
ideation. In addition, we evaluated hopelessness using the 
SHAPS-C in the case group, which yielded a mean score of 
35.16.

Regarding the serum lipid levels, the case group demonstrated 
a statistically significant difference with the lower mean 
serum TC levels in comparison to the control group 
(153.27 mg/dL vs. 171.34 mg/dL, P < 0.01*- unpaired t-test). 
However, there were no statistically significant variances in 
other lipid parameters, including TG, HDL-C, and LDL-C, 
between the two groups.

In the case group, serum lipid parameters were analyzed using 
one-way ANOVA, stratified by severity levels of depression 
(HAMD-17 item score). Significant variations were found in 
TC, TG, and LDL levels across different depression severity 
(P < 0.01*). According to post hoc analysis, individuals with 
severe and very severe depression exhibited higher lipid 
levels compared to those with mild or moderate depression. 
However, no significant differences were observed in serum 
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HDL-C levels among these groups (P = 0.14), as mentioned 
in Table 1. Post hoc analysis – pairwise comparison in the 
case group, with a significance threshold of <0.002- corrected 
P-value (Bonferroni correction), highlighted substantial 
differences in lipid parameters based on depression severity. 
Comparison between mild to very severe depression showed 
high significance (P ≤ 0.002), emphasizing the impact of 
mental health severity on lipid profiles as mentioned in  
Table 2.

Tables 3 and 4 collectively indicate that following rigorous 
statistical analyses—ANCOVA for suicidal ideation 
and Partial Correlation for anhedonia — no significant 
relationships were observed between various lipid parameters 
and both suicidal ideation and anhedonia.

Table  1 shows the analysis of serum lipid parameters in 
the case group (using one-way ANOVA) and stratified by 
the various severity levels of depression as measured by 
the HAMD-17 item score, revealing significant variations. 
Statistically significant differences were observed in serum 

TC, serum TG, and serum LDL levels among individuals 
with different severity levels of depression.

Table 2 shows the post hoc analysis of different depression severity 
levels in relation to serum cholesterol levels. The most significant 
variations were observed when comparing the following pairs: 
mild to very severe depression, moderate to severe depression, 
moderate to very severe depression, and severe to very severe 
depression. In all these cases, except for HDL, all lipid parameters 
exhibited high statistical significance (P ≤ 0.05).

DISCUSSION

Our analysis of serum lipid profiles revealed significant 
distinctions between the case and control groups. 
Individuals diagnosed with depression exhibited notably 
lower TC levels compared to the control group. This finding 
aligns with the previous research by Terao et al.[31] and 
Khalid et al.,[32] suggesting a potential link between low TC 
and depression. However, it contrasts with the observations 

Table 3: Relationship of serum lipid parameters and suicidal ideation severity score after controlling the influence of depression severity on 
lipid parameters in case group: (P<0.05 considered significant by ANCOVA test).

P‑values for serum 
cholesterol levels

P‑values for 
serum TG levels

P‑values for 
serum HDL levels

P‑values for 
serum LDL levels

Suicidality ideation severity 0.40 0.53 0.72 0.77
ANCOVA: Analysis of Covariance, TG: Triglyceride, HDL: High‑density lipoprotein. LDL: Low‑density lipoprotein.

Table 1: Serum Lipid parameters based on HAMD (17 item scale) score rating in case group.

Serum lipid parameters based on severity of depression in the case group
Mild depression 

(8–13)
Moderate depression 

(14–18)
Severe depression 

(19–22)
Very severe 

depression (≥23)
P‑value

Mean serum TC (mg/dL) 147.28+28.09 149.89+26.45 155.73+39.9 155.8+28.32 <0.01*
Mean serum TG (mg/dL) 102.57+24.19 109.17+22.06 120.7+21.81 111.8+24.18 <0.01*
Mean serum HDL‑C (mg/dL) 51.21+7.53 49.51+8.05 52.42+7.15 50.39+7.44 0.14
Mean serum LDL‑C (mg/dL) 77.57+21.52 82+19.03 86.52+26.2 86.15+26.67 <0.01*
HAMD: Hamilton Depression Rating Scale, TC: Total cholesterol, TG: Triglyceride, HDL‑C: High‑density lipoprotein cholesterol, LDL‑C: Low‑density 
lipoprotein cholesterol, *: P value less than 0.05 (statistically significant).

Table 2: The post hoc analysis, which involves pairwise comparisons of depression severity with serum TG, serum LDL‑C, and serum TC 
after detecting statistical significance in a one‑way ANOVA.

Comparison of various severity of depression P‑value for TC level P‑value of TG level P‑value of LDL‑C level

Mild depression versus Moderate depression 0.15 0.16 0.08
Mild depression versus Severe depression 0.14 0.15 0.05
Mild depression versus Very severe depression <0.001 <0.001 <0.01
Moderate depression versus Severe depression 0.04 0.03 <0.001
Moderate depression versus Very severe depression <0.001 <0.001 <0.001
Severe depression versus Very severe depression <0.001 <0.001 <0.001
ANOVA: Analysis of Variance, TC: Total cholesterol, TG: Triglyceride, HDL‑C: High‑density lipoprotein cholesterol, LDL‑C: Low‑density lipoprotein 
cholesterol
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of Olusi and Fido,[11] where no such correlation was 
identified.

Several explanations can be explored to understand the observed 
association between low serum cholesterol and depression. 
Cholesterol plays a critical role in cell membrane structure 
and influences cellular signaling processes. Alterations in 
cholesterol levels may modulate serotonin, a neurotransmitter 
implicated in mood regulation and depression. Reduced cell 
membrane cholesterol could lead to decreased exposure to 
serotonin receptors, resulting in poorer serotonin uptake 
and its reduced availability in the brain.[33,34] Dysregulation of 
the lecithin-cholesterol acyltransferase enzyme, involved in 
cholesterol metabolism, may also contribute to altered peripheral 
serum cholesterol levels. Dysfunction in serotonin release and 
abnormalities in lipid metabolism may be interconnected with 
depression, potentially leading to changes in serum lipid profiles.[35] 
The association between low serum lipid levels and depression 
might also be attributed to alterations in the HPA axis, known to 
be dysregulated in depression.[20] Dysfunctional HPA axis activity 
can lead to changes in lipid metabolism and potentially contribute 
to the severity of depressive symptoms. Conversely, increased 
stress-induced secretion of cholesterol in the liver, derived from 
the release of free fatty acids in adipose tissues, may contribute 
to higher serum cholesterol levels in some individuals with 
depression.[36] Dysfunctionality of sterol carrier protein 2, involved 
in cholesterol metabolism, could also play a role.[37]

Depression severity and lipid profile variations

Within the case group, individuals with mild depression 
exhibited lower levels of LDL-C, TG, and TC compared to 
those with moderate, severe, or very severe depression. 
This aligns with prior studies by Wagner et al.[37] and Rabe-
Jabłońska and Poprawska.[38] Notably, the observed decrease 
in physical activity in individuals with severe depression may 
contribute to the lipid level differences.[39]

The cortisol theory posits that severe depression is 
associated with elevated cortisol levels stemming from 
HPA axis dysregulation. This heightened cortisol release 

in severe depression could induce chronic inflammation, 
potentially leading to increased cholesterol breakdown on 
cell membranes and subsequently elevating lipid levels in 
the circulation in severe depressive cases as compared to 
mild depression.[4] Our study did not identify a statistically 
significant relationship between serum lipid levels and 
anhedonia. Previous studies have also shown conflicting 
results regarding this association.[12]

More research is needed to understand the association 
between serum lipid levels and depression fully. The 
observed lower levels of serum cholesterol in individuals 
with depression suggest that lipid profiles may serve as 
potential biomarkers for depressive disorders. By elucidating 
the relationship between depression and lipid metabolism, 
we can advance our understanding of the pathophysiology 
of depression and develop more targeted interventions for its 
management.

Limitations

The study was conducted at a single tertiary care center, and 
the exclusion of other comorbid disorders might limit the 
generalizability of findings to other populations or settings. 
The study design limits the ability to establish a causal 
relationship between serum lipid levels and depression. 
Longitudinal studies would be beneficial to better understand 
the temporal nature of these associations. The study did not 
consider other variables that could influence serum lipid 
levels and depression, such as dietary habits, physical activity, 
and medication use. Controlling these factors in future 
studies would enhance the validity of the findings. The study 
only assessed serum lipid levels and depressive symptoms 
at a single time point. Following the participants over a 
longer duration would provide insights into the stability and 
fluctuations of these markers.

CONCLUSION

The present study indicates a potential association between 
low serum lipid levels, specifically TC and LDL-C, and 
depressive symptoms. The findings contribute to the 
growing body of literature on the relationship between 
lipid metabolism and depression, supporting the notion 
that disturbances in cholesterol metabolism may play a role 
in the pathophysiology of depression. However, the lack 
of a significant correlation between serum lipid levels and 
anhedonia suggests that different biological mechanisms may 
underlie this specific symptom of depression.

Future directions

The longitudinal studies would provide a better 
understanding of the temporal relationship between serum 
lipid levels and depression, as well as the potential predictive 

Table 4: Partial correlation coefficient of anhedonia (assessed by 
SHAP‑C) and lipid parameters by partial correlation analysis, 
P<0.05 considered significant, to control the effect of depression 
on lipid parameters.

Partial Correlation 
coefficient (r)

P‑value

Serum TC (mg/dL) 0.17 0.09
Serum TG (mg/dL) 0.18 0.08
Serum HDL-C (mg/dL) 0.02 0.84
Serum LDL‑C (mg/dL) 0.15 0.14
TC: Total cholesterol, TG: Triglyceride, LDL‑C: Low‑density lipoprotein 
cholesterol, SHAP‑C: Snaith‑Hamilton Pleasure Scale‑Clinician,  
HDL‑C: High‑density lipoprotein cholesterol.
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value of lipid markers in the development and progression 
of depressive symptoms. This approach would provide 
valuable insights into whether fluctuations in serum lipid 
levels precede or coincide with the onset of depression. To 
gain a more comprehensive perspective on the relationship 
between serum lipid levels and depression, it is crucial to 
consider additional factors in multivariate analyses. These 
factors may include lifestyle elements such as diet and 
exercise, genetic predispositions, and medication usage. By 
accounting for these variables, researchers can discern the 
independent contribution of serum lipids to depression. This 
holistic approach will enhance the accuracy of the findings 
and help in better understanding the complex interplay 
between lipid metabolism and depressive symptoms. This 
knowledge will not only deepen our understanding of the 
biochemical basis of depression but also identify potential 
targets for intervention and treatment strategies. Moreover, 
they can help establish causality and guide clinicians and 
policymakers in developing effective treatment approaches 
that consider lipid metabolism as a modifiable factor in 
depression management.
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