
Pak J Physiol 2017;13(3) 

http://www.pps.org.pk/PJP/13-3/Saara.pdf  8 

ORIGINAL ARTICLE 
HYPERLIPIDEMIAS, DIABETES AND DEPRESSION 

Saara Ahmad, Rehana Rehman, Saida Haider*, Zehra Batool*, 
Fatima Ahmed**, Saad Bilal Ahmed*** 

Department of Biological and Biomedical Sciences, The Aga Khan University, *Neurochemistry and Biochemical Neuropharmacology Research 
Unit, Department of Biochemistry, University of Karachi, **Department of Ophthalmology, Liaquat National Hospital and Medical College, 

Karachi, Pakistan, ***Department of Geriatrics, Monash University, Melbourne, Australia 

Background: Factors causing increased cholesterol levels in the body may include inactivity, obesity, 
genetic factors and an unhealthy diet. The high colesterol levels or hyperlipidemias may contribute to 
high concentrations of its precursor triglycerides and low density lipoproteins in plasma of the 
individuals. High triglyceride levels signal insulin resistance. This study was designed to determine an 
association of hyperlipidemia and diabetes mellitus with depression. Method: This case-control study 
involved 30 patients diagnosed with type 2 Diabetes Mellitus (DM) and hyperlipidemia (HL), and 30 
non-diabetic healthy individuals having normal glucose tolerance test and no other co-morbidity. All 
subjects were of 30–50 years age. Blood samples from all participants were collected for determination 
of the HbA1C and lipid profiles. PQ9 score questionnaire for depression was asked from all subjects. 
Results: Patients suffering with hyperlipidemias and diabetes mellitus had higher incidence of 
depression compared to healthy subjects (p<0.05). Conclusion: Depression was more prevalent in 
hyperlipidemic and diabetic patients.  
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INTRODUCTION 
Cholesterol, a lipid molecule is biosynthesized by all 
animal cells. It is an essential structural component of 
animal cell membranes and helps in maintaining both 
membrane structural integrity and fluidity. In addition to 
this cholesterol serves as a precursor for the biosynthesis 
of steroid hormones, bile acid and vitamin D.1 Factors 
that may result in increased cholesterol levels in the 
body include inactivity, obesity, genetic factors and 
unhealthy diet. These may contribute to high low 
density lipoprotein (LDL) cholesterol and lower high 
density lipoprotein (HDL) cholesterol.2 The genetic 
makeup may keep cells from removing LDL cholesterol 
from blood efficiently or even cause liver to produce 
amplified amounts of cholesterol. As diet plays a vital 
role in the synthesis of cholesterol and increase in its 
precursor triglycerides (TAG), it is established now that 
the excess carbohydrates in diet may be the leading 
cause of increased TAG in blood.3 High TAG levels 
signal insulin resistance.4 This is the point where excess 
insulin does not affect blood sugar levels causing 
diabetes.5 This results in higher than normal blood sugar 
levels. The insulin resistance causes type 2 diabetes 
mellitus (DM). DM may upset the balance between 
HDL and LDL cholesterol levels.6 Patients with 
diabetes tend to have high LDL and low HDL levels in 
blood and more prone to diabetes and hyperlipidemic 
effects.7 

The risk factors associated with DM are 
characterized by either decreased production (DM1), or 
resistance to the action of insulin (DM2).8 The reduced 
production or action alters many important body 
functions namely glucose absorption and utilization in 

the body.9 The disturbed glucose metabolism in turn has 
a profound effect on the transportation of essential 
amino acids to brain lead to depression, memory loss 
and various other psycho-neurological problems10 along 
with cardiovascular disorders owing to HL states. 

Depression is a psychological state caused by 
sad mood, agitation lack of interest and feelings of 
worthlessness.11 It has been studied previously that the 
neurotransmitters that are altered in the brain are namely 
the monoamines during DM.12 The most notable 
monoamine that plays a vital role in the depression is 
serotonin also known as 5-hydroxytryptamine (5-HT).13 
The transport of serotonin precursor tryptophan, an 
essential amino acid in brain declines leading to reduced 
synthesis of serotonin and hence ensuing depressive 
states.12 It is also noted that the levels of serotonin is 
decreased profoundly in those people suffering from 
uncontrolled diabetes along with HL.14 

This study was designed to determine an 
association of hyperlipidemia and diabetes mellitus with 
depression. 

MATERIAL AND METHODS 
This case-control study was conducted from January to 
June 2008 in Karachi, Pakistan. Sample size of 124 was 
calculated on 80% confidence interval for sample size 
calculation using open epi sample size calculator. 
However, this was a pilot study which was conducted 
only for a period of six months so we included all those 
patients who fit into our inclusion criteria. This involved 
30 patients diagnosed with diabetes type 2 and hyper-
lipidemia (DM+HL) from one private-sector hospital 
and 30 non-diabetic healthy individuals. Both groups 
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had 15 men and 15 women subjects of age 35 to 55 
years. The study was done in accordance with the 
ethical recommendations and practices of the hospital. 

The non-diabetic healthy subjects were of the 
same age as the diabetics with normal glucose tolerance 
test and no other comorbidity. Blood samples from all 
the participants were collected from the antecubital vein 
for the determination of the HbA1C and lipid profiles. 
HbA1c was determined by GlucoMen A1c test kit 
method and plasma lipid profile through ELISA kit 
methods. The samples for analysis were stored at -70 
℃. A questionnaire PHQ 9 was asked from all the 
participants to assess for the grade and severity of 
depression in them. 

Data was analyzed by two-way ANOVA 
followed by Tukey’s Post-hoc test using SPSS-20. 
Results were presented as Mean±SEM. 

RESULTS 
The results are presented in Table-1. There was a 
significant effects of disease (F=496.12, p<0.01), gender 
(F=32.45, p<0.01) and a significant interaction between 
the two factors (F=5.16, p<0.01). Cholesterol levels 
were significantly higher in DM+HL patients as 
compared to healthy subjects (p<0.01) in both male and 
female groups. 

Two-way ANOVA for LDL data showed 
significant effects of disease (F=439.93, p<0.01), non-
significant of gender (F=3.81, p>0.05) and interaction of 
two factors (F=0.341, p>0.05). Post-hoc analysis by 
Tukey’s test showed significantly increased LDL levels 
in DM+HL patients than healthy individuals (p<0.01) in 
both male and female groups. 

VLDL was also significantly affected by the 
disease condition of patient. Two-way ANOVA showed 
significant effects of disease (F=580.58, p<0.01), gender 
(F=6.43, p<0.01) but non-significant effects of 

interaction between the two factors (F=3.17, p>0.05). 
DM+HL patients showed significantly higher VLDL 
levels as compared to healthy male and female subjects 
(p<0.01). 

The levels of HDL were also significantly 
different among the healthy and diseased subjects. Two-
way ANOVA revealed that there was a significant effect 
of disease (F=95.19, p<0.01), gender (F=6.57, p<0.05) 
and a non-significant interaction of these two factors 
(F=0.587, p>0.05). Tukey’s test showed that HDL 
levels were significantly higher in DM+HL patients as 
compared to healthy male and female groups (p<0.01). 

There was significant effects of disease 
(F=628.26, p<0.01) but non-significant effects of gender 
(F=0.695, p>0.05) and non-significant interaction of 
two factors (F=0.15, p>0.05). Post-hoc analysis by 
Tukey’s test showed significantly increased TAG levels 
in patients as compared to that of healthy male and 
female subjects (p<0.01). 

Analysis of HbA1c data by two-way ANOVA 
revealed that there was a significant effects of disease 
(F=268.54, p<0.01) but non-significant effects of gender 
(F=0.000, p>0.05) and interaction of two factors 
(F=2.796, p>0.05). Tukey’s test showed that there was a 
significantly higher level of HbA1c in DM+HL patients 
than normal healthy participants (p<0.01) confirming 
the existence of diabetes in these patients. 

Two-way ANOVA for PHQ 9 score showed 
that there was a significant effects of disease (F=76.62, 
p<0.01), gender (F=4.578, p<0.05) and non-significant 
interaction of two factors (F=0.946, p>0.05). Post-hoc 
analysis by Tukey’s test revealed that the depression is 
higher in DM+HL patients as evident by significantly 
higher PHQ 9 scores as compared to healthy subjects 
(p<0.01). (Table-1). 

Table-1: Lipid profile, HbA1c and PHQ-9 score of healthy participants and DM+HL patients (MeanSEM) 
Healthy Controls DM+HL Patients 

Parameter Males (n=15) Females (n=15) Males (n=15) Females (n=15) 
Total cholesterol (mg/dl) 135.532.8 145.534.4 193.932.22* 217.24.4* 
TAG (mg/dl)  130.22.16 131.731.7 184.062.45* 186.132.4* 
LDL (mg/dl) 76.732.18 79.461.78 117.462.3* 122.531.75* 
VLDL (mg/dl) 20.460.86 21.860.92 61.82.56* 69.82.46* 
HDL (mg/dl) 29.661.32 26.331.07 19.130.99* 17.330.51* 
HbA1c  5.410.21 5.090.12 8.20.18* 8.50.23* 
PHQ-9 score 0.20.10 0.40.13 1.530.24* 2.060.18* 

*p<0.01 

DISCUSSION  
There is an established link between occurrences of DM 
with HL.4 These conditions may touchdown in a paired 
fashion with amplification of one condition may 
augment the other condition worsening the state of the 
patient.6 However, until now the association of these 
two conditions with psycho-neurological deficits was 

not assessed. The present study was done to find a 
possible positive link of the two conditions DM and HL 
with depression. For the reason the blood lipid profile 
and HbA1c were determined in all subjects participating 
in the study. 

The lipid profile of healthy subjects had no 
significant difference, however, the diabetic subjects has 
a rise in the total cholesterol levels. Likewise, the LDL 
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and very low density lipoprotein (VLDL) showed the 
same tendency. VLDL is known to convert into the 
body to LDL through digestion through lipase enzymes. 
It is seen that the good cholesterol (also termed as HDL) 
that transports the excess harmful levels of cholesterol to 
liver was decreased in the test subjects than in healthy 
group. The sugar levels evaluated by HbA1c showed 
that the normal subjects were within the normal limits 
while the tests subjects exceeded the limits when 
compared with the healthy subjects. This showed the 
positive correlation of the diabetes with the lipid profile, 
depicting the rise of cholesterol and LDL levels with 
increasing blood sugar levels and declining in HDL 
levels. This affirmative connection of the two conditions 
becomes the hallmark of development of coronary heart 
disease and psycho-neurological deficits among which 
depression is the most important concern.  

To further affirm this connection, PQ9 score 
questionnaire was given to all subjects. PQ9 score is a 
designed questionnaire relating the condition of the 
patient, and the score at the end may enable the 
researcher to categorically group the individuals under 
no depression, mild, moderate, or severe depression.15 It 
was found that over all the healthy subjects suffered 
least depression than that of DM+HL patients. The 
depression scale was further dissected to the classes of 
no depression, mild, moderate and severe depression. It 
was observed that the majority of the healthy males had 
no depression and only a few demonstrated mild 
depressions, and practically nil showed moderate and 
severe depression. Likewise, the healthy females 
showed the same tendency. However, there was a little 
additional number of female healthy subjects suffering 
through mild depression than that of the male healthy 
subjects. 

Upon comparison of both the healthy groups 
with their corresponding test groups, it was observed 
that the test subjects showed higher frequency of 
depression in terms of the severity-based gradation. The 
male DM+HL patients showed higher number of mild 
and moderate depression than no and severe depression 
cases. In the female subjects, moderate depression was 
highest compared to severe depression. Categorically 
the severe depression was more than mild depression 
versus no depression in female patients. Overall it was 
seen that the test subjects suffering through both DM 
and HL were more subjected to depression than healthy 
individuals. This may be linked with the possibility of 
decreased transportation of tryptophan in the brain 
subsequent to DM and HL.16 The diminished levels may 
reduce serotonin, a known neurotransmitter, leading to 
depression in affected individuals.8,9 This may become 
essential to check for depression in the subjects 
suffering from either or both of the states that are DM 
and HL. The HL itself is considered injurious for the 
cardiac health and revealed as a primary cause of 

myocardial infarction.6 However, the HL may cause 
increase in the cholesterol levels with a rise in 
lipoprotein levels in blood.17 

There are different types of lipoproteins in the 
body dependent upon their density gradient.18 These are 
VLDL, LDL and HDL. VLDL and LDL transport 
cholesterol particles from the liver to all parts of the 
body especially to the peripheries and excess may form 
plagues in the walls of arteries, making them hard and 
narrow. The HDL picks up excess cholesterol from the 
peripheries of the body and transports it back to the 
liver.19 The rising amounts of these lipoproteins hamper 
the body normal insulin functioning.20 This is due to the 
fact that the VLDL and LDL take excess fatty acids to 
the adipose tissues making more of the bulk of the 
adipose tissue causing obesity.21 Obesity in turns causes 
the resistance of the action of insulin and leads to type 2 
DM.22 The whole cycle of the decreased transport of 
essential amino acids to the brain especially that of 
tryptophan takes place leading to decreased synthesis of 
the serotonin.12 Upon the decrease in serotonin, the 
sleep, mood and behaviour get affected leading to 
insomnia, depression, anxiety and memory loss.18 

Our study is limited in the sense that we were 
not able to acquire the calculated sample size. However, 
the present study addresses very important psycho-
neurological concerns of depression that may affect 
individuals suffering through DM and HL. 

CONCLUSION 
DM and HL are most of the times linked but their 
association with depression is seldom studied. The 
hidden tip of the iceberg in form of depression, once 
diagnosed with its associated ailments will not only 
improve the quality of life but also the better compliance 
towards the DM and HL drugs for the contend living of 
the affected individuals.  

REFERENCES 
1. Fondjo LA, Owiredu WKBA, Sakyi SA, Laing EF, Adotey-

Kwofie MA, Antoh EO, et al. Vitamin D status and its 
association with insulin resistance among type 2 diabetics: A 
case -control study in Ghana. PLoS One 2017;12(4):e0175388. 

2. Allaire J, Vors C, Couture P, Lamarche B. LDL particle 
number and size and cardiovascular risk: anything new under 
the sun? Curr Opin Lipidol 2017;28(3):261–6. 

3. Li CF, Chen XQ, Chen SM, Chen XM, Geng D, Liu Q, et al. 
Evaluation of the toxicological properties and anti-
inflammatory mechanism of Hemerocallis citrina in LPS-
induced depressive-like mice. Biomed Pharmacother 
2017;91:167–73. 

4. Wang Y, Zhang H. Serum 25-hydroxyvitamin D3 levels are 
associated with carotid intima-media thickness and carotid 
atherosclerotic plaque in type 2 diabetic patients. J Diabetes 
Res 2017;2017:3510275. doi: 10.1155/2017/3510275. Epub 
28 Mar 2017. 

5. Laperrousaz E, Moullé VS, Denis RG, Kassis N, Berland C, 
Colsch B, et al. Lipoprotein lipase in hypothalamus is a key 
regulator of body weight gain and glucose homeostasis in mice. 
Diabetologia 2017; doi: 10.1007/s00125-017-4282-7. 



Pak J Physiol 2017;13(3) 

http://www.pps.org.pk/PJP/13-3/Saara.pdf  11 

6. Hashemi Madani N, Ismail-Beigi F, Khamseh ME, Malek M, 
Ebrahimi Valojerdi A. Predictive and explanatory factors of 
cardiovascular disease in people with adequately controlled 
type 2 diabetes. Eur J Prev Cardiol 2017;24:1181–9. 

7. Leveille P, Rouxel C, Plourde M. Diabetic pregnancy, maternal 
and fetal docosahexaenoic acid: a review of existing evidence. 
J Matern Fetal Neonatal Med 2017;1–6. doi: 
10.1080/14767058.2017.1314460.  

8. Pyatak EA, Carandang K, Vigen C, Blanchard J, Sequeira PA, 
Wood JR, et al. Resilient, empowered, active living with 
diabetes (REAL diabetes) study: methodology and baseline 
characteristics of a randomized controlled trial evaluating an 
occupation-based diabetes management intervention for young 
adults. Contemp Clin Trials 2017;54:8–17. 

9. Gomez-Serrano M, Camafeita E, Lopez JA, Rubio MA, Breton 
I, García-Consuegra I, et al. Differential proteomic and 
oxidative profiles unveil dysfunctional protein import to 
adipocyte mitochondria in obesity-associated aging and 
diabetes. Redox Biol 2016;11:415–28. 

10. Herder C, Fürstos JF, Nowotny B, Begun A, Strassburger K, 
Müssig K, et al. Associations between inflammation-related 
biomarkers and depressive symptoms in individuals with 
recently diagnosed type 1 and type 2 diabetes. Brain Behav 
Immun 2016;61:137–45. 

11. Hellerstein DJ, Hunnicutt-Ferguson K, Stewart JW, McGrath 
PJ, Keller S, Peterson BS, et al. Do social functioning and 
symptoms improve with continuation antidepressant treatment 
of persistent depressive disorder? An observational study. J 
Affect Disord 2016;210:258–64. 

12. Singh T, Goel RK. Managing epilepsy-associated depression: 
Serotonin enhancers or serotonin producers? Epilepsy Behav 
2016;66:93–9. 

13. Ancelin ML, Scali J, Norton J, Ritchie K, Dupuy AM, 
Chaudieu I, et al. Heterogeneity in HPA axis dysregulation 
and serotonergic vulnerability to depression. 
Psychoneuroendocrinology 2016;77:90–4. 

14. Quilty LC, Marshe V, Lobo DS, Harkness KL, Müller DJ, 

Bagby RM. Childhood Abuse History in Depression Predicts 
Better Response to Antidepressants with Higher Serotonin 
Transporter Affinity: A Pilot Investigation. 
Neuropsychobiology 2017;74(2):78–83. 

15. Byoung-Hee L, Min-Yong K, Young-Bae P, Young-Jae P. 
Development of a valid and reliable seven emotions 
impairment questionnaire and assessment of its predictability 
for phlegm and blood stasis. J Tradit Chin Med 2016;36:547–
54. 

16. Okuyama T, Akechi T, Mackenzie L, Furukawa TA. 
Psychotherapy for depression among advanced, incurable 
cancer patients: A systematic review and meta-analysis. Cancer 
Treat Rev 2017;56:16–27. 

17. Viazzi F, Piscitelli P, Giorda C, Ceriello A, Genovese S, Russo 
G, et al. AMD-Annals Study Group. Metabolic syndrome, 
serum uric acid and renal risk in patients with T2D. PLoS One 
2017;12(4):e0176058. 

18. Muenchhoff J, Song F, Poljak A, Crawford JD, Mather KA, 
Kochan NA, et al. Plasma apolipoproteins and physical and 
cognitive health in very old individuals. Neurobiol Aging 
2017;55:49–60. 

19. Korneva VA, Kuznetsova TY, Bogoslovskaya TY, Polyakov 
DS, Vasilyev VB, Orlov AV, et al. Cholesterol Levels in 
Genetically Determined Familial Hypercholesterolaemia in 
Russian Karelia. Cholesterol 2017;2017:9375818. 

20. Unnikrishnan R, Anjana RM, Amutha A, Ranjani H, Jebarani 
S, Ali MK, et al. Younger-onset versus older-onset type 2 
diabetes: Clinical profile and complications. J Diabetes 
Complications 2017;31(6):971–5. 

21. Alghamdi AS, Yahya MA, Alshammari GM, Osman MA. 
Prevalence of overweight and obesity among police officers in 
Riyadh City and risk factors for cardiovascular disease. Lipids 
Health Dis 2017;16(1):79. 

22. Gluchowski NL, Becuwe M, Walther TC, Farese RV Jr. Lipid 
droplets and liver disease: from basic biology to clinical 
implications. Nat Rev Gastroenterol Hepatol 2017;14:343–55. 

Address for Correspondence: 
Dr. Saara Ahmad, Department of Biological and Biomedical Sciences, The Aga Khan University, Karachi, Pakistan. 
Cell: +92-334-3448258 
Email: saara_ahmad@hotmail.com, saara.muddasir@aku.edu 

Received: 16 Apr 2017 Reviewed: 28 Jul 2017 Accepted: 5 Aug 2017 


