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Abstract

Background: The most addictive constituent of tobacco is the alkaloid nicotine. Nicotine is said
to have a considerable influence on the level of lipids in blood. Several studies have stated that
alterations in lipid profile have been associated with development of OC and other premalignant
lesions/conditions. Very little literature is available on lipid profile alterations at an early stage,
i.e., before the development of OC. Aim: To assess and compare the lipid profile levels among
tobacco chewers with and without leukoplakia. Materials & Methods: A total of 80 male subjects
were included in the study and were randomly divided into two groups, Group I – 40 subjects
(tobacco chewers without OL) and Group II – 40 subjects (tobacco chewers with OL). All the
subjects who fulfilled the inclusion criteria were subjected to estimation of lipid profile. Results:
The TC, HDL and LDL levels were higher, while TG and VLDL levels were lower in group II as
compared to group I. Statistically significant difference was not noted between both the groups
in relation to all the lipid parameters. The statistical analysis was carried out using Student’s
unpaired t test and Chi – square test, with the help of Statistical Package for the Social Sciences
(SPSS) 19 software. Conclusion: Thus, the lipid levels tend to increase in tobacco chewers and in
subjects with OL, which can be an early change towards development of OC. This would help
us in early diagnosis and prognosis of these lesions.
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Introduction
“Tobacco is a dirty weed. I like it. It satisfies no normal need.
I like it. It makes you thin, it makes you lean, it takes the hair
right off your bean. It’s the worst darn stuff I’ve ever seen. I like
it.” - Graham Lee, Hemminger [1].
According to report of World Health Organization (WHO)
tobacco is considered as the single greatest cause of preventable
death globally [2].
The most addictive constituent of tobacco is the alkaloid nicotine,
which is a stimulant and may develop tolerance and dependence
in the users [3-5]. Nicotine present in tobacco is said to have a
considerable influence on the level of lipids in blood [6-8].
Oral leukoplakia (OL) is the most common premalignant
lesion, which plays an important role in pathogenesis of oral
cancer (OC) [9]. Around 0.3% to 25% leukoplakias can undergo
malignant transformation [10].
The etiology of OL is mostly related to the consumption of
tobacco, alcohol, sanguinaria, ultraviolet radiation, certain
viruses like human papilloma virus (HPV) 16 and HPV 18,
trauma and other carcinogenic products. Among all these
factors, tobacco is the major carcinogen which can lead to
hyperkeratinization and can lead to an unrestrained proliferation
and cell division. Patients using tobacco and with potentially
premalignant lesions have been reported to show a significantly
increased tendency to develop OC [11,12].
The lipids are a large and diverse group of naturally occurring
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organic compounds. The main biological functions of lipids
include storing energy, signaling, and acting as major cell
membrane components. They are essential for various
biological functions including cell growth, division of normal
and malignant tissues, activity of membrane-bound enzymes
and stabilization of DNA helix and maintenance of the structural
and functional integrity of all biological membranes [13-15]. The
types of lipoproteins are – high density lipoprotein (HDL)
which carries cholesterol out of the blood system, low density
lipoprotein (LDL) which transports 75% of plasma cholesterol
and very low density lipoprotein (VLDL) that enable fats and
cholesterol to move within the water-based solution of the
bloodstream [13].
The common oncogenic signaling pathways regulate the lipid
metabolism in cancer cells and are believed to be important for
the initiation and progression of tumors [16]. Several studies have
stated that alterations in lipid profile have been associated with
development of OC and other premalignant lesions/conditions
[17-21].
Very little literature is available on lipid profile alterations
at an early stage, i.e., before the development of OC.
A need was felt to understand the association of plasma total
cholesterol (TC), TG, HDL, LDL and VLDL in tobacco chewers
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and in patients with OL. This would help us in early diagnosis
and prognosis of these lesions. So, the present study was carried
out to assess and compare the lipid profile levels among tobacco
chewers with and without leukoplakia.

Methodology
Source of data
The subjects reporting to the Department of Oral Medicine and
Radiology were selected for the study, based on the inclusion and
exclusion criteria. The written informed consent was obtained
from all the subjects. 80 Male subjects in the age group of 22 –
80 years were included in the study. The study was approved by
the Ethical and Research Committee of the Institution.
All clinical examinations were carried out by a single trained
examiner. Detailed case history including the height and weight
to calculate Body Mass Index (BMI), diet history, habits history,
extraoral and intraoral examination was performed as per the
case history proforma.
The subjects with habit of tobacco chewing were selected based
on their habit history and clinical examination. The subjects
with provisional diagnosis of leukoplakia were subjected to
incisional biopsy and were selected after histo-pathological
confirmation of the lesion.
Method of selection of data
A total of 80 male subjects were included in the study and were
randomly divided into two groups,
Group I – 40 subjects (tobacco chewers without OL) and
Group II – 40 subjects (tobacco chewers with OL).
Selection criteria

• Pregnant and lactating females.
All the subjects who fulfilled the inclusion criteria were
subjected to estimation of lipid profile.
Complete lipid profile comprised of –
• Total cholesterol (TC)
• Triglycerides (TG)
• High density lipoprotein (HDL)
• Low density lipoprotein (LDL)
• Very low density lipoprotein (VLDL)
Procedure
• The lipid profile was estimated on same day using semi-automatic analyzer (Erba Chem 5 Plus, Mannheim®, Germany).
• Serum lipid values were estimated by mixing 0.01 ml serum sample with 1 ml of working reagent for individual lipids
respectively.
• This mixture was incubated at 37°C for 10 minutes.
• For TC estimation (CHOD – PAP method) – The absorbance of standard and each test tube was read against respective
reagent blank at 505/670 nm on bichromatic analyzer.
• For TG estimation (GPO – Trinder method) – The absorbance of standard and each test tube was read against respective
reagent blank at 546/670 nm on bichromatic analyzer.

Inclusion criteria

• For HDL estimation (Phosphotungstic acid method) – The
absorbance of standard and each test tube was read against respective reagent blank at 546/670 nm on bichromatic analyzer.

• Subjects chewing tobacco for more than 5 times a day for
atleast one year.

• LDL and VLDL levels were calculated using Friedewald
equation [22].

• Subjects with histopathologically diagnosed OL.

• Formula for LDL calculation –

• Subjects willing to participate in the study.

LDL = Total cholesterol – (HDL + VLDL)

Exclusion criteria
• Subjects suffering from any systemic illness and/or major
illness in the past.
• Subjects with any deleterious habits other than tobacco chewing.
• Subjects with potentially malignant and/or premalignant
conditions or lesions other than OL.
• Obese individuals with BMI more than 25.
• Non – vegetarians.
• Subjects consuming food with more than 2600 calories per day.

• Formula for VLDL calculation –

Triglycerides
5
The data was presented as mean ± standard deviation (SD) for
quantitative variables with normal distribution and significance
of difference was accepted at p value < 0.05. The demographic
data was summarized with descriptive statistics. The statistical
analysis was carried out using Student’s unpaired t test for
comparing lipid profile levels between the tobacco chewers
with and without leukoplakia. Chi – square test was used to
compare lipid profile levels in tobacco chewers with and without
leukoplakia with the standard values. The statistical analysis
was done using Statistical Package for the Social Sciences
(SPSS) 19 software.
V=
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Results

LDL cholesterol (LDL)

The present study included 80 male subjects, who were divided
into two groups, group I – 40 subjects, tobacco chewers without
leukoplakia and group II – 40 subjects, tobacco chewers with
leukoplakia.

• Optimal: < 100

No significant difference was identified between patients
randomly assigned to the group I or group II with regard to age
[Table 1].
Table 1: Distribution of subjects according to age (in years).
Group I
Group II
Minimum
22
27
Maximum
65
80
Mean ± SD
49.6 ± 9.30
53.8 ± 13.04
p value
0.094

Estimation of lipid profile levels
Statistically significant difference was not obtained on
comparison of levels of TC, TG, HDL, LDL and VLDL in both
the groups [Table 2].
Table 2: Comparison of two groups with respect to lipid profile
levels by unpaired t test.
Group I
Group II
Lipid profile
p value
Mean
SD
Mean
SD
(mg/dl)
TC
214.3
62.75
223.1
51.12
0.494
TG
148.8
51.55
145
60.46
0.76
HDL
37.1
10.04
39.9
8.96
0.299
LDL
147.4
60.24
157.8
43.96
0.381
VLDL
29.6
10.09
28.9
12.09
0.764

The percentage of subjects within the standard reference range
with respect to serum TC, TG, HDL, LDL and VLDL levels were
evaluated for both the groups based on the National Cholesterol
Education Program (NCEP) guidelines for interpretation of
lipid values, Adult Treatment Panel III (2001; updated 2004)
as stated below Standard lipid profile (mg/dl):
Total cholesterol (TC)
• Desirable: < 200
• Borderline high: 200 - 239
• High: ≥ 240
Triglycerides (TG)

• Borderline high: 100 - 159
• High: ≥ 160
VLDL cholesterol (VLDL)
• Optimal: ≤ 30
• High: > 30
The results obtained in the present study showed that the levels
of TC were towards the higher levels in both the groups and
on comparison, the TC, HDL and LDL levels were higher in
group II as compared to group I. The levels of TG and VLDL
were lower in group II as compared to group I. No statistically
significant difference was noted between both the groups in
relation to all the lipid parameters [Table 3].
Table 3: Distribution of subjects according to the standard range in
both the groups with respect to serum TC, TG, HDL, LDL, VLDL levels.
Lipids
TC
TG
HDL
LDL
VLDL

Groups

Optimal

Borderline high

High

I
II
I
II
I

47.5
32.5
52.5
67.5
67.5

20
40
32.5
12.5
30

32.5
27.5
15
20
2.5

II

70

27.5

2.5

I
II
I
II

25
1.8
57.5
67.5

40
47.5
-

35
42.5
42.5
32.5

p value
0.138
0.101
0.809
0.21
0.356

The HDL levels tend to decrease, while LDL levels tend to
increase in tobacco chewers and OL, but on comparison between
both the groups, no statistically significant difference was noted
[Table 3].

Discussion
Since ancient times, the phrase ‘Prevention is better than cure’
has always turned out to be very true. So to prevent development
of any disease and for good prognosis of existing disease, its
early diagnosis is very important.

• Borderline high: 40 - 60

The lipids are naturally occurring organic compounds that
play an important role in cell growth, division of normal and
malignant tissues, activity of membrane-bound enzymes and
stabilization of DNA helix.13,14 Literature has stated that the
lipid levels alter in oral precancerous lesions/conditions and
oral cancer. The alterations in lipid profile have also been linked
to tobacco use which is explained by a mechanism proposed
by Brischetto et al. The release of adrenaline by the adrenal
cortex is stimulated by nicotine, leading to the increased serum
concentrations of free fatty acids. The free fatty acids stimulate
hepatic synthesis and secretion of cholesterol, which leads to
increase in lipid levels [5,23].

• High: > 60 (desirable)

The free radicals and ROS generated by the tobacco carcinogens

• Normal: < 150
• Borderline high: 150 - 199
• High: ≥ 200
HDL cholesterol (HDL)
• Low: < 40 (risk factor)
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are responsible for high rate of oxidation/peroxidation of
polyunsaturated fatty acids, leading to formation of end products
like lipid hydroperoxides (LHP) and malondialdehyde (MDA).
MDA levels indicate oxidative and cellular damage to tissues
due to ROS and free radicals. MDA causes modulation of cell
growth by activating signal transduction pathways, therefore
acting as tumor promoters and co-carcinogenic agents. The
levels of MDA increases in oral leukoplakia and oral squamous
cell carcinoma patients reflecting interactions with various
carcinogenic agents, which confirms increased lipid peroxidation
and oxidative stress in these patients [24,25]. The oxidative stress
can act in three possible ways. Firstly, ROS within the saliva
could participate in the activation and inactivation of potentially
carcinogenic compounds released from tobacco. Secondly,
genotoxic damage can be caused in the oral mucosal cells
by either ROS or ROS-activated carcinogens. Thirdly, ROS
could conceivably react with salivary glycoproteins, causing
degradation of the mucus and thus opening the underlying tissue
to damage by genotoxic agents in the saliva. They also initiate
mutagenic events by causing DNA damage that ultimately leads
to degeneration of cellular components. In this way tobacco
carcinogens can play an important role in development of oral
precancerous lesions and OC [26,27].
Both biosynthetic and bioenergetic requirements change during
malignant transformation of cells into cancer cells. Continuous
de novo lipogenesis provides cancer cells with signaling lipid
molecules, membrane building blocks and posttranslational
modifications of proteins as well as energy supply to support
rapid cell proliferation. Firstly, esterification of a number
of endogenously synthesized fatty acids occurs to produce
phospholipids, which facilitate the formation of detergent
resistant membrane micro-domain for signal transduction,
provide pivotal structural lipids, intracellular trafficking,
polarization and migration required for cancer cells. Secondly,
the newly generated lipid molecules mediate signal transduction
in cancer cells. These lipids regulate a variety of cellular
functions including cell proliferation, survival and migration by
either activating other signaling proteins inside the cells, or by
binding to a series of G protein-coupled receptors on the cell
surfaces. Thirdly, the post-translational protein modification
with lipid is also a vital process in regulating expression,
localization and function of various signaling proteins [16].
The results obtained in the present study were in favor of
study carried out by Goyal et al. [28]. who assessed serum lipid
profile levels in subjects with tobacco habit and those with oral
precancers. No statistically significant difference was obtained
in values of serum lipid profile among both the groups. The
explanation given was that the subjects in the tobacco habit
group might not have used tobacco for long period of time and
for required frequency and the patients in pre-cancer group
might be at an initial stage, thus, unable to produce alterations
in lipid levels [28].
HDL prevents lipid peroxidation on the cell membranes by
counter balancing the oxidative damage caused by LDL. It has
been suggested that HDL prevents both enzymatic and nonenzymatic generation of free radicals and thus acts as an anticarcinogen and a powerful antioxidant [29]. According to the

results obtained in the present study, the HDL levels tend to
decrease, while LDL levels tends to increase in tobacco chewers
and OL. These findings suggest that tobacco use and presence of
premalignant lesions like OL produces dyslipidemia. It can be
an early indication towards progression to malignancy. Similar
findings were obtained in studies carried out by Sharma SK et
al. [3], Poorey et al. [30]., Reddy [31]., Meenakshisundaram et al. [32].,
Patel et al. [17]., Khurana et al. [19]. etc.
The living cells acquire fatty acids for their metabolic demand by
two sources, exogenous dietary source or by de novo endogenous
synthesis. In most of the cancers, the lipid demand is fulfilled
mostly by the endogenous source and the lipid metabolism is
believed to be important for the initiation and progression of
tumors and is regulated by the common oncogenic signaling
pathways. A number of lipogenic enzymes utilize end products
of glucose and glutamine metabolism, to synthesize fatty acids
and their derivatives. Therefore, an exacerbated lipogenesis is
noticed in cancer cells. The exacerbated lipogenesis is caused
either by upregulation of lipid metabolizing enzymes or is
directly coupled to other common metabolic pathways and their
associated cell signaling pathways [16]. The results of present
study showed higher levels of TC, TG, LDL, VLDL and lower
levels of HDL in tobacco chewers and OL subjects suggesting
that lipogenesis starts at an very early stage. This finding can
be very useful for early diagnosis and further prognosis of the
subjects.
A study was carried out by Kumar et al. 10]. to demonstrate lipid
profile alterations in patients with OC and OL. They stated that
there was an inverse relationship between serum lipid profile
and OC, but they did not find any significant reduction in lipid
profile among the pre-cancer group. Thus, hypolipidemia can
be a late change occurring during carcinogenesis or can be an
effect rather than the cause of cancer. So, the subject of major
concern remains that whether hypolipidemia predisposes to
cancer or is just an effect of cancer process. The present study
should be carried out at molecular level, using a larger sample
size to obtain more specific results.
Based on the results obtained in the present study, it can
be suggested that hyperlipidemia precedes OC to meet the
metabolic demands of cancer cells, while hypolipidemia can be
a later effect of cancerous process.
Thus, it can be suggested that the lipid levels tend to increase in
tobacco chewers and in subjects with OL, which can be an early
change towards development of OC. The increase in lipid levels
can be due to increase in metabolic demands of cells before the
development of cancer. Leukoplakia can thus be considered
responsible for changes in lipid levels in tobacco chewers.
Further studies need to be carried out over a long period of time
with more sample size and at molecular levels to assess the exact
mechanism of dyslipidemia in tobacco users, oral precancerous
lesions/conditions and OC.

Conclusion and Recommendation
In this study the overall incidence density rate (IDR) of death
in the cohort was by far lower than other studies. However,
incidence of death was still higher at the first few months of
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enrolment. The cumulative probability of survival and overall
mean survival time was also comparable with other research.
Treatment outcomes measured in terms of cure, death, and
default rate were comparable to other reports as well. The
main predictors of mortality among MDR-TB patients up on
treatment were presence of comorbidities, adverse side effects,
HIV sero-positivity and smaller baseline weight.
Therefore intervention to further reduce deaths has to focus on
patients with comorbidities, severe side effects, HIV infected
patients and lower base line body weight. The finding of
this research may provide necessary information in areas of
improvement; however further research is needed for giving
policy level recommendations and addressing missed variables.
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