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The Effects of the Intensity of Cigarette Use and Antiretroviral Therapy
on the Blood Lipid Profile of an Irish HIV Person
Charlie Sloweya, Gabriella Rizzoa
Context: There are numerous studies on the effects of smoking and antiretroviral use separately on a HIV patient’s blood lipid
profile, however there has never been a study conducted that measures the intensity of cigarette use combined with antiretroviral
therapy on a patient’s blood lipid profile. Aims: To assess the effects of the intensity of cigarette usage and antiretroviral therapy
on a patient’s blood lipid profile. Setting and Design: This cross-sectional study was carried out in a regional HIV clinic in Cork
University Hospital between June 2016 and August 2016. Methods: 40 patients were interviewed in order to gather cigarette usage
data and patient files were reviewed in order to gather blood lipid profile results and antiretroviral therapy data. Results: There was
no statistically significant difference (P>0.05) in the means of cholesterol (4.99 vs 5.47), high-density lipoprotein (1.22 vs 1.07),
low-density lipoprotein (3.13 vs 3.03), nor triglycerides (1.54 vs 2.45) in smokers versus non-smokers. Low-density lipoprotein in
mild and moderate smokers was increased compared to non-smokers. Conclusions: These results show that smoking combined
with nucleoside reverse transcriptase inhibitor use has no significant change in blood lipid measurements when compared to
controls.
Keywords: Lipid, cholesterol, high density lipoprotein, low density lipoprotein, triglyceride, HIV, AIDS, human
immunodeficiency virus, antiretroviral, anti-retroviral, antiretroviral drug, smoking, cigarette, tobacco.

Background and Literature Review
HIV infection and AIDS disease are increasingly
becoming a problem of old age(1) especially in the first world
due to increased efficacy of antiretroviral drugs, multicombination drugs and a better understanding of the disease
process(2). With HIV patients living longer and fuller lives
more disease processes previously unconsidered must now be
actively managed. It is well documented that cigarette smoking
is a known risk factor for peripheral coronary and
cerebrovascular vascular diseases(3). It is estimated that nearly
20% of all coronary heart disease deaths can be attributed to
smoking(4). Research suggests that cigarette smoking produces
a more atherogenic lipid profile characterized by higher total
cholesterol levels along with higher triglyceride levels and
lower levels of high density lipoprotein levels(5-7). Smoking
intensity is often correlated with a statistically significant
increase in low-density lipoprotein(6, 7). Highly active
antiretroviral therapy is well known to cause dyslipidemia,
with the incidence of between 15 and 30%(8-12),
hypertriglyceridemia is the most common metabolic effect,
followed by increased values of low-density protein, total
cholesterol and low high-density lipoprotein levels(8, 13, 14).
This authors previous literature review sought to tie together
the effects of smoking and antiretroviral use on a patient’s
blood lipid profile. The methods of that review and a summary
of the results are included below.
Review Methods:
Step 1:
A systematic search of PubMed archives was carried out
between 01/11/15 - 05/11/15. The review’s search criteria are
included below:
Anti-retroviral therapy search: Advanced search was used. In
search box 1 the value ‘Title/Abstract’ was selected and the
term ‘Anti-retroviral therapy’ was included. In search box 2 the
AND value was selected as well as ‘Title/Abstract’ and the
a.

term ‘lipid’ was included. Full search equation: anti-retroviral
therapy[Title/Abstract] AND lipid[Title/Abstract]. The search
returned 36 results.
Cigarette Use search: Advanced search was used. In search
box 1 the value ‘Title’ was selected and the term ‘Smoking’
was included. In search box 2 the value AND was used as well
as the value ‘Title’ selected. The term ‘Lipid’ was included.
Full search equation: Smoking[Title] AND Lipid[Title]. The
search returned 153 results.
Combined Anti-retroviral therapy and Cigarette Use search:
In the regular search box the terms ‘smoking’, ‘antiretroviral’
and ‘lipid’ were included. Full search equation:
("smoking"[MeSH Terms] OR "smoking"[All Fields]) AND
“antiretroviral”[All Fields] AND ("lipids"[MeSH Terms] OR
"lipids"[All Fields] OR "lipid"[All Fields]). Search returned 97
results.
The sum of the review’s searches returned 286 articles and the
following exclusion criteria were applied:
1. The article must be a clinical trial
2. The full text must be available
3. The article must not be in a different language
4. The trial must be carried out on homo sapiens
These criteria excluded 227 articles.
Step 2:
The abstracts of the remaining 59 articles were reviewed and
40 articles were excluded. The main reason for the exclusion
was because the articles did not include relevent lipid profile
data in their abstracts. 19 articles progressed to Step 3.
Step 3:
The author retrieved the full research for the remaining 19
abstracts and these articles were reviewed in depth and
critiqued using the EBL Critical Appraisal Checklist.
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Review Results:
The previous review sought to quantify the effect that
smoking has on blood lipid profiles, highly active antiretroviral
therapy has on blood lipid profiles, and sought to compare
these values to previous literature done on a combination of
smoking and highly active antiretroviral therapy on blood lipid
profits. The results generated for the cigarette use arm of this
review were perhaps unsurprising with a mean increase in
cholesterol 40%, and mean increasing triglycerides of 80%, a
mean decrease in high-density level protein of 20%, and the
mean increase in low-density lipoprotein of 46%.
The results from the highly active antiretroviral arm of the
review suggested that cholesterol had a mean increase of 16%,
high-density level protein had a mean increase of 10%, lowdensity lipoprotein an increase of 15% and triglycerides
showed a non-significant increase of 5%. What is interesting to
note from this arm of the review is that of the eight studies
reviewed only one had data for nucleoside reverse transcriptase
inhibitor usage effects on blood lipid profiles.
The third arm of this review sought to compare the effects
of the previous two rounds versus studies which showed the
combined effects of smoking and highly active antiretroviral
use on blood lipid profiles. Of note, the five studies that were
reviewed included no data for the amount or intensity of
cigarettes smoked. The results showed that total cholesterol
was increased by a mean of 12%, triglycerides were increased
by mean of 75%, and there was not enough data to support a
mean value for high-density lipoprotein or low-density
lipoprotein.
The authors concluded that while there was data for
combined usage of smoking and antiretroviral therapy there
was no data on the intensity of cigarette usage and how that
effects a patient’s blood lipid profile. Of the limited data that
was available it was shown that smoking and antiretroviral
therapy cause a more atherogenic blood lipid profile however
they do not have an additive deleterious effect on patient’s
blood lipid profile.
Aims and Objectives
Aim: To evaluate the effects of smoking over a range of pack
year levels with the most common antiretroviral therapy
treatments in Cork University Hospital on the blood lipid
profile of HIV infected patients.
Objectives: Interview a wide range of patients with respect to
age, sex, and smoking pack year value. Obtain comprehensive
antiretroviral therapy data on each patient. Obtain up-to-date
lipid profile values for every patient. Compare blood lipid
values for smokers versus non-smokers and in the smoking
category compare the range of pack year values with blood
lipid profile data given a patient’s antiretroviral therapy
regimen.
Methods
Study design: This cross-sectional study was carried out
between June and August in the weekly HIV clinic in Cork
University Hospital. 50 participants were randomly selected
over a number of weeks from the Cork University Hospital
HIV clinic and were subsequently interviewed on the day of
selection. Major inclusion criteria included; age between 18
and 65 years old, previous diagnosis of HIV infection, and a
lab cholesterol value no more than six months old. Exclusion
criteria included any participant with a previous history of
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cardiovascular disease (e.g. myocardial infarction), any acute
injury or infectious episode over the last six weeks any
antibiotic/antimicrobial therapy over the last six weeks, and
any family history of lipid disorders. A further 10 patients were
excluded from the study due to a lack of any fasting cholesterol
value. Non-smokers with a previous diagnosis of HIV were
recruited as matched controls for the participants in the study.
Study measures: A number of parameters were collected
during the interview including age smoking status pack your
status, healthy versus non-healthy diet, and the participants
exercise levels (light, moderate, heavy). See Appendix 3, 4, 5
& 6 for invitation letter, participant information sheet, full
interview questionnaire and consent form. Following a chart
review, further parameters were collected including, type of
drug currently prescribed, the length of time the patient was on
therapy, the CD4 plus count, and the HIV RNA titer. Following
this interview, the patient’s blood lipid results were also
recorded. These results were within six months of the interview
and included cholesterol level, high-density lipoprotein level,
triglyceride level, and a calculated low-density lipoprotein
level calculated by the Friedewald formula(15). Participants
were separated based on their pack year status (using formula
(number of cigarettes smoked per day multiplied symbol
number of years smoked) divided by 20) from non-smoker to
low, moderate and high smoking levels. Blood was drawn after
12 hours fasting with staple food for two days. Enzymatic
method was used to estimate total cholesterol and triglycerides.
HDL was determined by precipitation. LDL cholesterol was
then calculated using the Friedewald (Formula: LDL = TC HDL - TG/2.17 (mmol/L).
Ethics: This study obtained ethical approval from the Cork
Research Ethics Committee. See Appendix 1 for full ethical
approval.
Timetable: The authors collected data over three months in
2016, June – August, with data analysis and article editing
taking place in September. See Appendix 2 for full timeline.
Data Analysis: Study parameters were recorded in SPSS
software (IBM SPSS Statistics 2016) for all participants along
with identifying information being stored on an encrypted
Excel file on an encrypted USB stick in the primary
investigators office. Data was analyzed by SPSS software
using mean comparisons and Pearson correlations. Graphing
results was performed by PRISM GraphPad and IBM SPSS
Statistics 2016.
Results:
Of the 40 participants included in the final data analysis
30 (80%) were male. The mean age was 41.9 years (standard
deviation of 8.09) and a range of 23 to 58 years. 97.5% of
participants were prescribed a nucleoside reverse transcriptase
inhibitor drug combination with 90% on the combination
tenofovir/emtricitabine. Study participants were further
classified into their nucleoside reverse transcriptase inhibitor
therapy plus additional antiretroviral therapy. Participants were
stratified into smokers and non-smokers and the average means
of each; cholesterol, high-density lipoprotein, low-density
lipoprotein, and triglycerides were compared. Smokers were
further classified into mild smokers (.1 to 15 pack year),
moderate (15.1 to 30 pack year), and heavy (greater than 30
pack year) for further analysis. All 40 research participants had
cholesterol values, 26 had high-density lipoprotein values and
low-density lipoprotein values, and 29 had triglyceride values.
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The mean values for cholesterol, high-density lipoprotein, lowdensity lipoprotein, and triglycerides in smokers versus nonsmokers is shown in Table 1.

Cholesterol values had an average of 4.99 mmol/l versus
5.474 mmol/l for non-smokers, high-density level protein had
a value of 1.28 mmol/l for smokers versus 1.074 mmol/l for
non-smokers, low-density lipoprotein had a value of 3.13
mmol/l for smokers versus 3.044 mmol/l for non-smokers,
triglycerides had a value of 1.544 mmol/l for smokers versus
2.474 mmol/l for non-smokers. The mean values for
cholesterol, high-density lipoprotein, low-density lipoprotein,
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and triglycerides versus the intensity of smoking followed a
similar trend to the previous values in that participants who
smoked had lower cholesterol, higher high density lipoprotein,
and lower triglycerides. However, when smoking intensity was
stratified smokers showed a higher low-density lipoprotein
mean. These results are shown in more detail in Table 2 and
Figure 1.

www.jofsr.com

121

Journal of Student Research (2017)
Research Article

Volume 6, Issue 1: pp, 119-125

Figure 1: A comparison of means of Non-Smokers vs. Mild, Moderate, and Heavy Cigarette Use.
Pearson correlations showed no statistically significant
correlation between pack year smoking level and cholesterol,
high-density lipoprotein, low-density lipoprotein, and

triglycerides. All values were within the -0.3 to 0.3 range.
Details of these correlations are detailed in Table 3.

Independent samples t-test for each cholesterol, highdensity like protein, low-density lipoprotein, and triglycerides
in smokers versus non-smokers all showed a non-statistically
significant difference in means: a mean decrease of 0.48
mmol/l in cholesterol values for smokers, mean increase of
0.16 mmol/l in high-density lipoprotein values for smokers,
and mean increase of 0.1 mmol/l low-density lipoprotein
values for smokers, and the mean decrease of 0.91 mmol/l in
triglyceride values for smokers. The interplay between
different antiretroviral drug regimens for smokers verses nonsmokers is detailed in Figure 2. Nucleoside reverse
transcriptase inhibitor plus protease inhibitor showed a mean
cholesterol value 4.2 mmol/l versus 5.2 mmol/l for smoking
verses non-smoking. Nucleoside reverse transcriptase inhibitor

plus integrase inhibitor showed a mean cholesterol of 5.3
mmol/l versus 5.3 mmol/l for smoking verses non-smoking.
Nucleoside reverse transcriptase inhibitor plus non-nucleoside
reverse transcriptase inhibitors showed a mean cholesterol 5.2
mmol/l versus 4.8 mmol/l for smokers versus non-smokers. In
the other category any study participant who was not
prescribed the previous three drug combination regimes was
classed into this category, the mean cholesterol values for this
category were 5 mmol/l versus 7.5 mmol/l for smokers versus
non-smokers. All of these results were statistically nonsignificant. In terms of the effects of anti-retroviral therapy on
a person’s CD4+ count, there was a clear statistically
significant positive correlation (0.402, P=0.01) between years
spent on anti-retroviral therapy and CD4+ count.
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Figure 2: Mean Cholesterol Levels vs Antiviral Regimen
NRTI+PI: Nucleoside reverse transcriptase inhibitor plus protease inhibitor. NRTI+INTEG: nucleoside reverse transcriptase
inhibitor plus integrase inhibitor. NTRI+NNRTI: Nucleoside reverse transcriptase inhibitor plus non-nucleoside reverse
transcriptase inhibitor. OTHER: Any other regimen.
Discussion
It is well known that smoking has a negative impact on
blood lipid profile cholesterol high-density level protein, lowdensity lipoprotein, and triglycerides(16). The specific
abnormalities include an increase in cholesterol levels, lowdensity lipoprotein levels, and triglycerides. High density
lipoprotein, a marker of ‘good’ cholesterol, is decreased by
smoking(17). What is interesting to note is that most data on the
effects of antiretroviral drugs on blood lipid profiles included
only protease inhibitors and non-nucleoside reverse
transcriptase inhibitors(9, 10, 14, 18, 19). This study focuses mostly
on nucleoside reverse transcriptase inhibitors as a base to
antiretroviral therapy. After conducting a literature review to
confirm this, it was concluded that this a one-of-a-kind study
on the intensity of cigarette smoking and use of nucleoside
reverse transcriptase inhibitor as a base drug on blood lipid
profiles. The results generated in the study would indicate that
smoking combined with nucleoside reverse transcription
inhibitors as a base drug have a broadly positive effect on a
patient’s blood lipid profile measurements. This is seen with
cholesterol and triglyceride mean levels lower in smokers than
non-smokers. High density lipoprotein is raised in mild and
moderate smokers as compared to non-smokers. Low Density
Lipoprotein change is the only indication that smoking
combined with nucleoside reverse transcriptase inhibitors has
an adverse effect on a patient’s blood lipid profile. The values
for heavy smokers in the high-density lipoprotein, low-density
lipoprotein, and triglyceride categories must be discounted as
there was only one participant who had available values for
each of these categories. Thus, for the heavy smoking category,
the values for high-density lipoprotein, low-density
lipoprotein, and triglycerides cannot be used as a comparison
to mild and moderate users. An analysis of the data using
Pearson correlations showed no statistically significant
ISSN: 2167-1907

correlations between cholesterol, high-density lipoprotein,
low-density lipoprotein, and triglycerides with pack year
levels. This again goes against the research previously
published on this topic and suggests that nucleoside reverse
transcriptase inhibitors produce a favorable change to a
patient’s blood lipid profile. Due to the lack of statistically
significant correlations it is clear to the authors that more
participants are needed in order to delineate the association
between blood lipid profile levels and intensity of cigarette use
in HIV patients who are prescribed nucleoside reverse
transcriptase inhibitor therapy in combination on other drugs.
In the final figure (Figure 2), that compares antiretroviral
regimens versus smokers and non-smokers it is clear that there
is no great difference between the regimens as a whole and
between smokers and non-smokers in each regimen. The
biggest difference seen here is in the other category where nonsmokers had a much higher cholesterol value than smokers.
This can be attributed to low study numbers and diversity of
antiretroviral therapy within this group. The final result of this
study, the positive correlation between years on therapy and
CD4+ count, is perhaps the most heartening as it shows that
anti-retroviral therapy does work. This is due to the predictive
nature of higher CD4+ counts on increased mortality rates
among HIV positive patients(20)
Strengths of Project:
The strengths of this research project follow from its
location. As the project was located in a tertiary care center,
access to patients was quick and easy and the number of
potential patients was large. Furthermore, due to the outpatient
nature of the clinics patient follow-up was regular, scheduled,
and easy to track. Advice from current physicians working in
the outpatient clinic allow easy identification of patients who
would be willing to talk about their condition in this very
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stigmatized area. The interview conducted with the patients
was also a strength in the fact that it was quick, easy to follow,
and easy to answer. Furthermore, having a private room to
conduct these interviews in assured the patients their privacy
and allowed the doctor-patient relationship to work to its fullest
extent to glean answers. The collection of drug regimen data
and blood lipid profile data was also of great ease as the patient
files were located in the outpatient department during time of
interview and the blood lipid profile results were located on the
local hospital intranet which was easily accessed after the day’s
interviews. The cost associated with this project must also be
counted as another strength, total costs for this project came to
under €20 due to the fact that, by and large, the only costs
associated with this were for printing the patient information
sheet and consent forms.

data collectors due to the high turnover of HIV clinic.
Investigators found that suitable patients were being missed
due to those patients having already conducted their follow-up
appointment before the investigators were finished with a
previous patient. As mentioned above, when the compliance
rate was one in 10 patients, this led to a greatly decreased
number of participants in the study.
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