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Introduction 
Insulin is one of the most important hormones 
in regulation of carbohydrate, protein and lipid 
metabolism. In diabetes mellitus, a chronic 
metabolic disease that comes about because of 

the body’s inability to take up glucose in the 
cells due to either insulin resistance, reduced 
insulin secretion or both, there is marked 
derangement of lipid metabolism known as 
dyslipidemia. Dyspipidemia basically comprises 
hypertriglyceridemia, low concentration of 
blood HDL cholesterol, high concentrations of 
blood LDL cholesterol. Insulin resistance and 
dyslipidemia are features of the metabolic 
syndrome which in addition includes obesity, 
hypertension, impaired glucose tolerance, and 
hyperinsulinemia 1. The most common form of 
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diabetes mellitus is referred to as type 2 
diabetes mellitus (T2DM) and this is often 
associated with obesity and occurs in adults2,3. 
T2DM individuals usually present with insulin 
resistance, hyperinsulinemia, and 
hyperglycemia4.The cardiovascular 
complications of diabetes mellitus are mostly a 
result of the abnormalities in lipid metabolism5. 
From an initial perception that a disorder of 
glucose metabolism was the primary event in 
the pathogenesis of T2DM, there is now a 
growing realization that chronic elevation of 
free fatty acid (FFA) levels is an early event that 
contributes to the development of this disease. 
This line of thought is supported by the fact that 
there is tight association between insulin 
resistance and dyslipidemia. It has also been  
demonstrated that if plasma FFA levels are 
elevated for more than a few hours, they will 
cause insulin resistance6. Later findings also 
showed that elevation of plasma free fatty acids 
(FFAs) plays a pivotal role in the development 
of T2DM by causing insulin resistance7. Other 
findings have also suggested that circulating 
levels of FFAs, which are often elevated in 
obese and diabetic individuals, have an 
important causative link in the association of 
obesity with insulin resistance and T2DM8.The 
mechanism by which FFAs cause insulin 
resistance, although not completely understood, 
may involve generation of lipid metabolites like 
diacylglycerol, proinflammatory cytokines such 
as TNF-α, IL1β, IL6, MCP-1 and cellular stress 
including oxidative and endoplasmic reticulum 
stress 9. 
In order investigate the lipid abnormalities 
associated with T2DM we carried out a cross 
sectional study in which we compared the lipid 
profiles in diabetics and non diabetic 
participants.  And to elucidate further the 
possible mechanisms for dyslipidemia we also 
studied the association between fatty acid 
synthase (FAS), the main enzyme in the 
synthesis of fatty acids and the level of 
triglycerides.  
This work was very important as it was going to 
give us an idea about the dyslipidemia profile in 
the general population and T2DM patients; 
information that would be vital to policy makers 

in the fight against T2DM and its 
complications. 
Materials and Methods 
This was a cross-sectional study which was 
carried out at the University Teaching Hospital 
(UTH) in Lusaka, Zambia. The study 
population consisted adults aged between 18- 
75 years old with T2DM that reported to clinic 
5 at UTH and control cases were adults who 
came to the hospital with minor ailments or for 
medical check-ups. A total of 44 participants 
(22 cases) and (22 controls) were enrolled in the 
study. Those individuals with T2DM that had 
been diagnosed within the last 10 years and not 
on exogenous insulin treatment, aged between 
18 and 75 years old and gave a written consent 
without undue duress were included in the 
study. Individuals who were on insulin, 
pregnant, non-negroid Zambian, had chronic 
inflammatory conditions or declined to give 
consent were excluded. Participants were 
thoroughly examined by the Medical Officer 
and their clinical and demographic data 
recorded in confidential files. At least 4mls of 
blood was collected using a 5 ml syringe anda 
20G needle fromthe antecubital vein of each 
participant in plain vacutainers. The blood 
specimens were centrifuged at 3000 revolutions 
per minute (3000 rpm) in order to separate the 
serum (supernatant) from the blood cellular 
component (sediment). Only serum was then 
meticulously collected from the vacutainers 
using pipettes and transferred to 2ml plastic 
cryovial containers with sealable screw caps, 
which were stored in a freezer at -80oC until the 
specimens were required for analysis.. 
Blood for fasting blood sugar was collected 
from diabetics and controls. Circulating FAS 
concentration was measured in serum without 
additives by NeoBioLab sandwich enzyme 
immunoassay (FAS ELISA) for the quantitative 
measurement of samples in serum, plasma, cell 
culture supernatants and urine as described 
elsewhere10. Briefly the standard curve was 
constructed using Microsoft Excel 2011 and 
from the standard curve concentrations 
ofsamples were determined. Optical density of 
the samples and controls were read at 450 nm. 
Blood triglyceride, cholesterol, LDL, 
HDLlevels were determined using the available 
test kits on the Pentra 400 Chemistry Analyser 
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available in UTH Clinical Chemistry 
Laboratory according to the manufacturer’s 
recommendation and assay procedures for the 
automated analyser. All test protocols were 
calibrated and controls ran before samples could 
be assayed. 
Data were expressed as mean ± SEM for 
normally distributed continuous variables. The 
independent student’st-test was used to compare 
mean values for concentrations of FAS, 
triglycerides and other biochemical tests 
(Cholesterol, LDL, HDL,) between the two 
groups (T2DM and non-T2DM group). Data 
analysis was done using IBM SPSS Statistics 
version 22 for Mac and Microsoft. All statistical 
tests were performed at 5% significance level or 
95% confidence interval and differences were 
considered significant if 2-tailed p value was 
less that 0.05 (p<0.05).The study was approved 
by the University of Zambia Biomedical 
Research Ethics Committee (UNZABREC). 
Results and Discussion  
FAS and triglycerideconc. Mean difference 
FAS concentration and triglyceride 
concentration were higher in T2DM participants 
(FAS; 22.8± 4.1 ng/mL and TG;1.46± 0.17 
mmol/L)than in control participant (FAS; 11.8± 
1.4 ng/mL and 1.03± 0.1 mmol/L) with 
statistical significance, t(41) = 2.471, p = 0.018 
and t(41)= 2.14, p = 0.039respectively (Fig. 1a 
and Fig. 1b, respectively).  
 

 
Fig 1a Serum Fatty acid synthase 
concentrationdifference between T2DM and 
non-diabetic controls 
 

 
Fig 1b Serum triglyceride concentration 
difference between T2DM and non-diabetic 
controls 
Bivariate linear regression analysis of FAS and 
triglycerides showed a weak correlation in both 
diabetic participants (Fig. 2a) and healthy 
controls (Fig.2b) without statistical significance 
(r = 0.288, p = 0.193and r = 0.121, p= 0.612 
respectively)  

 
Fig. 2a Correlation between FAS and 
triglycerides in T2DM group 

 
Fig. 2b Correlation between FAS and 
triglycerides in health non-diabetic control 
group 
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Anthropometrics and Biochemicals Mean 
Difference 
The T2DM participants were older(41.3 ± 2.2 
years) than healthy control participants (37.1 ± 
1.8 years) with statistical significance, t(42) = 
4.314; p< 0.0001. Diabetic participants had 
lower BMI (27.6 ± 1.5 kg/m2) compared to 
healthy controls (27.8 ± 1.3kg/m2), but the 
differences was not significant, t(42) = 0.071; p 
= 0.944) (Table 1.0). Fasting blood glucose 
levels were higher in T2DM subjects (9.6 ± 0.9 
mmol/L), than healthy controls (5.1 ± 0.1 

mmol/L) with statistical significance, t(36) = 
4.89, p< 0.0001 (Table 1.0). Total cholesterol, 
HDL-cholesterol, and LDL-cholesterol were 
higher in T2DM participants (5.28 ± 0.33 
mmol/L, 1.31 ± 0.06 mmol/L, and 1.14 ± 0.08 
mmol/L respectively) than in the control group 
(4.75 ± 0.23 mmol/L, 1.39 ± 0.12 mmol/L, and 
1.31 ± 0.13 mmol/L), but the differences were 
not statistically significant, t(42) = 1.314; p = 
0.196, t(39) = 1.118; p = 0.270, and t(42) = 
0.678; p = 501 respectively (Table 1.).

Table 1 Anthropometric and Metabolic characteristics of the study groups1 

1Health non-T2DM individuals and individuals with T2DM. 2P represents overall significant 
differences across groups. P-values were derived from independent sample student’s t-test. Age and 

BMI were included in the model as covariates 
The results show that individuals with T2DM 
have significantly higher mean serum FAS 
concentration than non-T2DM individuals (p = 
0.018). This is rather surprising because insulin 
has been shown to increase activity of fatty acid 
synthase11-13. So in the presence of relative 
insulin deficiency or resistance as in diabetes 
mellitus one would expect reduction in the 
levels of  serum FAS. This can be partly 
explained in the context of development of 
diabetes mellitus. It has been observed that free 
fatty acids, a product of fatty acid synthase  tend 
to promote the development of insulin 
resistance  through poorly understood 
mechanisms which may involve generation of 
lipid metabolites (diacylglycerol), 
proinflammatory cytokines (TNF-α, IL1β, IL6, 
MCP-1) and cellular stress including oxidative 
and endoplasmic reticulum stress 9.Insulin 

resistance would then stimulate increased 
secretion of insulin resulting in 
hyperinsulinemia establishing a multiplier effect 
in the development of diabetes. Increased fatty 
acids are converted into triglycerides which are 
then exported from the liver as very low density 
lipoproteins 11,14,15. 
Blood triglyceride concentrations were 
significantly higher in T2DM patients than the 
controls. This is in line with what has been 
observed in other studieswhere it was observed 
that it is a common lipid abnormality in persons 
with visceral obesity, metabolic syndrome 
T2DM16-18. The cause of the 
hypertriglyceridemia in patients with diabetes 
mellitus is mainly due to increased mobilization 
of fatty acids from peripheral tissues which are 
conjugated into triglycerides in the liver  and 
these triglycerides are  released in circulation in 

 Ideal levels   Controls (n=22) T2DM (n=22) p 
Age (yr)  37.1 ± 1.8 41.3 ± 2.2 < 0.0001 
BMI (kg/m 2)  27.8 ± 1.3 27.6 ± 1.5 0.944 
Fasting Glucose (mmol/l) 3.1-6.1 5.1 ± 0.1 9.6 ± 0.9 <0.0001 
Total Cholesterol Below 5.2 4.75 ± 0.23 5.28 ± 0.33 0.196 
LDL – cholesterol 
(mmol/L) 

Below 2.6 
mmol/L-lower 
desirable  

1.31 ± 0.13 1.14 ± 0.08 0.551 

HDL – Cholesterol 
(mmol/L) 

1.6 mmol/L and 
above –higher 
desirable 

1.39 ± 0.12 1.31 ± 0.06 0.270 
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the form of  very low density lipoproteins. 
Activation of fatty acid synthase may also be a 
contributing factor in the early stages of 
diabetes mellitus development. 
There was a weak insignificant positive 
correlation between fatty acid synthase levels 
and triglyceride levels in diabetes mellitus 
patients and controls. This luck of significant 
correlation is not a surprise at all as the most 
important cause of hypertriglyceridemia is 
mobilization of fatty acids from peripheral 
tissues which are converted into triglycerides by 
the liver. Synthesis of fatty acids in the liver by 
FAS may not be a major factor in causation of 
hypertriglyceridemia in established T2DM. 
The average age of T2DM patients was 
significantly higher than non diabetic controls 
which are to be expected as T2DM tends to be 
more common from early forties upwards. 
There was no significant difference in body 
mass index between diabetes mellitus patients 
and non diabetic controls. This could have been 
due to the inevitable weight loss diabetic 
patients tend to have especially in severe cases. 
This comes about because of rapid breakdown 
of and mobilization of muscle proteins and 
triglycerides from storage tissues. Fasting blood 
sugar was significantly higher in diabetic 
patients than in controls as hyperglycemia is 
one of the cardinal features of diabetes mellitus.  
In uncontrolled diabetes one would expect to 
see abnormalities of cholesterol metabolism. 
This was notthe case in our study as there was 
no significant difference in total cholesterol, 
LDL-cholesterol and HDL-cholesterol between 
type 2diabetes mellitus patients and non 
diabetic controls. This could have been due to 
improved management of diabetes mellitus in 
study subjects like provision of appropriate diet, 
regular exercises and oral medication as needed. 
The classical dyslipidemia found in 
uncontrolled diabetes mellitus comprises 
hypertriglyceridemia, low blood concentration 
of HDL- cholesterol and high blood 
concentration of LDL- cholesterol19,20. It is the 
LDL-cholesterol (bad cholesterol) that is 
pathogenic to the cardiovascular system. All 
these lipid changes associated with diabetes 

mellitus are attributed to increased free fatty 
acid flux secondary to insulin resistance. The 
fact the cholesterol metabolism in diabetics was 
not significantly different from the non 
diabetics, even though they had elevated blood 
sugar may not be as high as one would expect. 
Hence the need for effective control of T2DM is 
very important to minimize possible 
complications, many of which are as a result of 
dyslipidemias.   
The study was limited in that the T2DM 
patients recruited had diabetes mellitus over 
different time intervals and duration of the 
disease was not taken into consideration. Even 
though a diagnosis of the disease within 10 tears 
was the inclusion criteria, many people only 
present with complications after they have had 
the disease for sometime. The time of diagnosis 
may not necessarily coincide with the duration 
of the disease. In addition they were managed 
differently; some were on dietary control 
measures only and others were on different 
medications depending on what they responded 
best to or a combination of both. 
Conclusion 
The main findings were that type 2 diabetes 
mellitus patients had significantly higher levels 
of FAS and triglycerides than normal controls 
and that there was no significant positive 
correlation between FAS levels and 
triglycerides levels. In addition there was no 
significant difference in cholesterol metabolism 
between the two groups.  Type 2 diabetes 
mellitus patients had significantly higher fasting 
blood sugar levels than non-diabetic controls 
and there was no significant difference in body 
mass index between the two study groups.  
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