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Assess Honey Supplementation
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Among Chronic Smokers
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Abstract

Objectives: The objective of this study was to determine the effects
of 12-week honey oral supplementation on fasting serum lipid profiles
among chronic smokers.

Design: This study was a randomized, confrolled, open-label
clinical trial design.

Settings/location: Quit Smoking Clinic, University Sains Malaysia
(USM) Hospital and Health Campus USM.

Subjects: Participants from non smokers (n=32) and chronic smokers
(n=64) aged between 20 - 50 years old were recruited. Participants
from smoker group should have smoked at least 10 cigarettes per day
for more than 5 years.

Interventions: The chronic smokers were further randomized into 2
groups namely smoker without honey (n=32) and smoker with honey
(20 g/day) for 12 weeks (n=32).

Outcome measures: Outcome measures were ftriglyceride (TG),
low-density lipoprotein (LDL), high-density lipoprotein (HDL) and total
cholesterol (TC) levels between non smokers and chronic smokers
at pre-intervention as well as the differences of these parameters
between pre and post-intervention among smoker without honey and
smoker with honey groups.

Results: At pre-intervention, chronic smokers had significantly lower
HDL and higher TG, LDL and TC levels than non smokers. In smoker with
honey group, TC and LDL levels were significantly reduced at post-
intfervention than at pre-intervention. No significant changes were
found in smoker without honey group.

Conclusion: This study may suggest that honey supplementation
improves lipid profiles in chronic smokers which in turn may reduce the
subsequent risk of cardiovascular diseases.

Introduction

Cigarette smoking has been reported as one of the major risk
factors for the development of cardiovascular diseases. The other
factors include hypertension, coronary artery disease, atherosclerotic
vascular disease, myocardial infarction and stroke [1]. One of
the major factors involved in initiating and accelerating the
atherothrombotic process which contributes to the development
of cardiovascular disease is an alteration in lipid profiles. Previous
studies have found that cigarette smoke (CS) exposure is associated
with increased lipolysis. It has been reported that the levels of total
cholesterol (TC), low density lipoprotein (LDL) and triglycerides
(TG) are significantly higher while the level of high density lipoprotein
(HDL) is significantly lower in smokers compared to non smokers

(2].
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Although quit smoking is the best method to reduce the risk of
cardiovascular diseases, there is still a need to reduce this risk among
chronic smokers who fail to quit smoking by any means. This has led
to an increased interest to investigate the possible beneficial effect of
natural products in reducing this risk among smokers. Several studies
have reported that supplementation of vitamin C-rich fruit juices
for 26 days [3] as well as Quercitin-rich supplement for 10 weeks
[4] significantly decreases TC and LDL levels in smokers. Honey is
a natural product which contains carbohydrates such as fructose
and glucose as well as organic acids, proteins, minerals and aromatic
compounds [5]. It also contains antioxidants such as vitamins A and
E [6], enzymes such as glucose oxidase and catalase [7], phenolic
acids [8,9], flavonoids [10,11], as well as has antioxidant properties
[12]. Honey has been shown to improve lipid profiles in animal and
human studies. In animal study, previous study has found that rats
have lower TG concentrations following 2 weeks of purified diets
containing 65% carbohydrate from honey compared with a fructose/
glucose mixture [13]. Meanwhile, the HDL level is significantly
increased in adult Sprague Dawley rats fed with 10% powdered
honey ad libitum with 21% water for 52 weeks [14]. In human study,
supplementation of 70 g of honey for 30 days among overweight and
obese individuals significantly reduces TC, LDL and TG as well as
increases HDL levels [15]. The level of LDL is also reduced in patients
with hyper lipidemia taking 75 g of honey supplementation orally for
15 days [16].

However, to date, no study has been reported to determine
whether honey supplementation is able to improve lipid profiles
among smokers. Therefore, the aim of this an open-label pilot study
was to determine the possible role of honey in improving the lipid
profiles among smokers.

Research Design and Methods
Design and subjects

This study was a randomized, controlled, open-label clinical trial
design and approved by the Human Research Ethics Committee of
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Universiti Sains Malaysia (USM) (approval code: JEPeM [243.3.(6)].
The study involved 32 male non smokers and 64 male smokers
aged between 20 - 50 years old. The participants from non smoker
group were recruited from USM staff in the Health Campus while
participants from smoker group were volunteers or patients recruited
from the Quit Smoking Clinic, USM Hospital and Health Campus.
Participants from the non smoker group should have no history of
smoking and exposure to environmental tobacco smoke. Meanwhile,
participants from smoker group should have smoked at least 10
cigarettes per day for more than 5 years. Participants who were obese
(BMI> 30 kg/m?), taking alcohol, regularly taking dietary supplements
and/or multivitamins 3 months prior to the study or had history of
cardiovascular diseases that might interfere with the study objectives
were excluded. Body mass index (BMI) were measured and recorded
from each participant. Participants who had fulfilled the criteria were
briefed concerning the nature of the study and informed consent was
taken. Randomization was computer generated, and smoker group
was then randomly assigned into 2 groups namely smoker with honey
(n = 32) and smoker without honey (n = 32) groups.

Intervention

All participants were asked to maintain their current activity levels
which include diet and exercise during the study. The honey group
received 20 g/day of honey orally for 12 weeks. Pure honey namely
Tualang honey was supplied from Federal Agricultural & Agro Based
Industry, Malaysia. Blood was obtained from all participants during
the initial visit (week 0) for the pre-intervention status assessment.
Honey supplementation was then administered to the smoker with
honey group after blood sampling at weeks 0, 4 and 8. The participants
were required to return the empty sachet to ensure compliance and
any possible adverse effects of supplementation were monitored at
weeks 4, 8 and 12. Post-intervention status was reassessed after 12
weeks. As for the participants from non smoker group, blood was
collected only at pre-intervention for baseline comparison on the
status of lipid profiles.

Blood collection and sample preparation

A total of 3 mL of fasting venous blood was obtained from all
participants at pre-intervention and from participants of both smoker
groups at post-intervention. The blood was collected into plain tubes.

Determination of lipid profiles

The plain tubes for lipid profiles was sent immediately to the
BP Clinical Lab Sdn Bhd, Kelantan, Malaysia for determination
of serum TC, LDL, HDL and TG levels using a clinical chemistry
analyzer (Architect Ci8200, USA). Serum TC, LDL and TG were
measured using enzymatic-colorimetric method while serum HDL
was measured using enzymatic direct determination by elimination
method.

Statistical analyses

Results were analysed using PASW Statistics version 20.
Independent t-test was used to analyse the difference of pre-
intervention lipid profiles status between non smoker and smoker
groups. The baseline and changes over a 12-week intervention period
in each group of smokers were assessed by paired t-test for normally
distributed data. A value of p<0.05 was considered statistically

significant. Data are presented as mean and standard error of mean
(SEM).

Results
Characteristics of the subjects

Table 1 shows the baseline characteristics of the participants.
There were no significant differences in mean age and height between
both non smoker and smoker groups. On the other hand, smoker
group had significantly higher levels of mean weight and mean body
mass index (BMI) compared to non smoker group.

Pre-intervention level and changes (between pre and post-
intervention) of lipid profiles among subjects

The levels of lipid profiles at pre-intervention are presented in
Table 2. The level of mean serum TG, LDL and TC at pre-intervention
were significantly higher in smoker group compared to non smoker
group. On the other hand, the level of mean serum HDL at pre-
intervention was significantly lower in smoker group compared to
non smoker group.

The levels of lipid profiles at pre and post-intervention in smoker
with honey and smoker without honey groups are presented in Table
3. At post-intervention, the changes of mean serum TG in both
smoker groups were not statistically significant. On the other hand,
in smoker with honey group, the mean serum LDL was significantly
reduced after 12 weeks. Meanwhile, in smoker without honey group,
no significant difference was observed for the level of mean serum
LDL. Furthermore, the change in the level of HDL after 12 weeks was
not statistically significant in both smoker groups. In addition, there
was a significant reduction for TC level in smoker with honey group
while no significant change was observed in smoker without honey
group after 12 weeks.

Discussion

In the present study, the mean age and mean height between

Table 1: Characteristics of the participants between non smokers and smokers
groups.

Non smokers Smokers
(n=32) (n=64)
Age (years) 35.16 (1.50) 38.38 (0.97)
Height (cm) 166.81 (0.80) 168.09 (0.92)
Weight (kg) 65.34 (1.80) 70.98 (1.46)*
BMI (kg/m?) 23.30 (0.61) 26.09 (0.58)*

Data are presented as mean (SEM). BMI: Body Mass Index.
*p<0.05 compared to non smokers (Independent t-test)

Table 2: Pre-intervention lipid profiles between non smoker and smoker group.

Non smokers Smokers
(n=32) (n=64)
TG (mmol/L) 1.06 (0.08) 1.53 (0.09)*
LDL (mmol/L) 2.80 (0.11) 3.68 (0.11)*
HDL (mmol/L) 1.56 (0.05) 1.24 (0.02)*
TC (mmol/L) 4.90 (0.12) 5.64 (0.13)*

Data are presented as mean (SEM). TG: Triglyceride; LDL: Low Density
Lipoprotein; HDL: High Density Lipoprotein; TC: Total Cholesterol.
*p<0.001 compared to non smokers (Independen t-test)
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Table 3: Pre-intervention and post-intervention lipid profiles in chronic smokers.

Smokers with honey (n=32)

Smokers without honey (n=32)

Pre-intervention Post-intervention Pre-intervention Post-intervention
TG (mmol/L) 1.53 (0.12) 1.66 (0.13) 1.53 (0.12) 1.68 (0.12)
LDL(mmol/L) 3.84 (0.17) 3.60 (0.18)* 3.54 (0.14) 3.54 (0.14)
HDL(mmol/L) 1.27 (0.03) 1.22 (0.04) 1.22 (0.03) 1.23 (0.03)
TC (mmol/L) 5.83(0.20) 5.57 (0.23)* 5.47 (0.18) 5.56 (0.17)

Data are presented as mean (SEM). TC: Total Cholesterol; TG: Triglyceride; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein.

*p<0.05 compared to pre-intervention in the corresponding group (Paired t-test)

smoker and non smoker groups revealed no significant differences.
However, the level of BMI among smokers in the present study
was significantly higher compared to non smokers. This finding
could be contributed by the body weight among smokers which was
significantly higher than non smokers. The greater body weight in
smokers could be due to less intake of vegetables and fruits [17],
unhealthy patterns of nutrient intake [18] as well as less engage in
physical activity compared to non smokers [19]. In addition, previous
study has suggested that the greater body weight among smokers
could be also due to high alcohol intake [20] which merit further
study.

The level of TG, which is the major energy reserve in the body,
was significantly higher in smokers compared to non smokers at
pre-intervention in the present study. This finding is similar with
other studies [2,21,22] whereby the levels of TG is significantly
higher in smokers compared to non smokers. The metabolism of TG
is regulated by the action of lipoprotein lipase, an enzyme which is
responsible for catalyzing TG hydrolysis and clearing of TG from
the blood. It is suggested that this enzyme is also reduced by nicotine
which is present in CS. It has been demonstrated that the activity
of lipoprotein lipase at the skeletal muscle is reduced in smokers
compared to non smokers [23]. Thus, in the present study, the higher
TG level could be possibly due to the reduced lipoprotein lipase
activity by nicotine which in turn may lead to impaired TG clearance
in smokers. At post-intervention, the smoker group receiving honey
supplementation showed no significant difference in the level of TG.
This result is supported by animal studies that shows no significant
difference in the level of TG when rats are fed either with 10% honey
or sucrose-based diet for 6 weeks [24] or 52 weeks [14]. On the other
hand, consumption of honey for 8 weeks among diabetic patients [25]
and 4 weeks among obese subjects [26] significantly reduces the level
of TG. Reduced TG level is also obtained after honey supplementation
for 15 days to participants with hyper triglyceridemia [15]. The
inconsistencies in these studies compared to the present study could
be due to the difference in characteristics of the participants.

In the present study, the level of LDL, the major carrier of
cholesterol in the circulation, was significantly higher in smokers
compared to non smokers at pre-intervention, indicating the
metabolic effects of smoking. This finding corresponds to earlier
studies [21,22,27,28] whereby the levels of LDL is significantly higher
in smokers compared to non smokers. The significantly higher level
of LDL might be contributed by the presence of insulin resistance
among smokers [29]. Insulin resistance could possibly due to
impaired glucose uptake by the peripheral organs as a consequence
of CS [30]. Insulin resistance at the adipocyte could lead to increased

free fatty acids that released into the circulation which subsequently,
leads to increased influx of free fatty acids into the liver. This might
stimulate the hepatic secretion of VLDL [31] which provides the
precursor for LDL formation. Apart from that, stimulation of nicotine
causes an increase in adrenaline release by the adrenal cortex leading
to increased lipolysis. This may contribute to increased free fatty
acids concentrations in smokers [32]. Free fatty acid is a stimulant
of hepatic secretion for VLDL and thus, contributes to the increased
level of LDL [33]. Following 12 weeks of honey supplementation, the
result revealed a significant reduction in the level of LDL which is
consistent with previous studies [16,25]. Previous study has observed
that the level of LDL is reduced in patients with hyperlipidemia by
taking 75 g of honey supplementation for 15 days [16]. Furthermore,
honey supplementation among diabetic type 2 patients for 8 weeks
[25] and obese subjects for 4 weeks [26] significantly reduces the
level of LDL. It is suggested that the reduction in LDL could possibly
due to the modulation of lipoprotein lipase activity by honey in
which lipoprotein lipase hydrolyzes TG in chylomicrons [34]. Thus,
reduction in lipoprotein could be modulated by influencing the
activity of lipoprotein lipase. Apart from that, it is also reported that
honey might improve the LDL metabolism through LDL receptor at
hepatic level [26]. The beneficial effect of honey used in the present
study in reducing LDL level among smokers corresponds to the
previous study which shows a significantly reduced level of LDL
with consumption of quercetin-rich supplement for 10 weeks [4].
Quercetin is a flavonoid and has been reported to induce a reduction
in de novo synthesis of fatty acid and TG leading to a decrease
formation of VLDL and subsequent LDL in hepatocytes of normal
rats [35]. Honey is reported to have a wide range of flavonoids such as
kaempferol, catechin, naringenin, apigenin and luteolin [11] as well
as quercetin [36]. Therefore, the effect of honey in reducing LDL in
the present study could be due to the effect of flavonoids present in
honey which may reduce the synthesis of de novo fatty acid and TG
leading to decreased VLDL and subsequent LDL formation in the
liver which need further studies.

In the present study, the level of HDL, the major cardioprotective
lipoprotein was significantly lower in smokers compared to non
smokers at pre-intervention which is in accordance with previous
studies [28,37,38]. Furthermore, Criqui et al. has found that
smokers have significantly lower level of HDL compared to non
smokers suggesting a possible causal relationship between CS and
low HDL level [39]. In the present study, CS may cause increases
in catecholamine levels which subsequently lead to an increase
in serum estradiol level in male smokers [40]. CS may cause an
increase in 2-hydroxylation pathway of estradiol metabolism which
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subsequently may affect synthesis of apolipoprotein in the liver. This
in turn may contribute to the reduction in HDL level among smokers
[41]. In the present study, the level of HDL after 12 weeks of honey
supplementation showed no significant difference. This finding is
in accordance with an animal study in which there is no significant
difference in HDL level between the rats fed honey and sucrose-based
diets for 33 days [42]. Furthermore, rodent fed with honey for 6 weeks
shows no significant difference in the level of HDL. However, several
studies shows increased levels of HDL after supplementation of honey
[14,25]. Consumption of honey for 8 weeks among diabetic type 2
patients [25] and 4 weeks among obese subjects [26] significantly
reduces the level of HDL. In animal study, it is observed that rats fed
a diet with honey have higher HDL levels than rats fed with sucrose
or sugar free based diet after 52 weeks [14]. The inconsistent finding
could be contributed by the type of honey and the characteristics of
the study participants.

The level of TC, which is defined as the sum of HDL, LDL and
VLDL, was significantly higher in smokers compared to non smokers.
In the present study, the higher level of TC could be contributed by
the significantly higher level of LDL in smokers compared to non
smokers. Furthermore, the significantly higher level of TC among
smokers in previous studies [21,38] may suggest that cigarette
smoking adversely affects serum lipid which further increases the
risk for cardiovascular morbidity and mortality. On the other hand,
there is no significant difference in TC level between smokers and
non smokers in previous study [43] which could be due to factors
such as diet, physical activity, body weight, waist/ hip ratio, psycho-
social conditions [44] and genetic variation [45]. Furthermore, in
the present study, the level of TC revealed a significant reduction in
smoker group receiving honey supplementation for 12 weeks which is
consistent with previous studies [4,25]. In a study involving diabetic
type 2 patients subjected to honey for 8 weeks, there is a significant
decrease in TC level [25]. Furthermore, Lee et al. has reported that
consumption of quercetin-rich supplement for 10 weeks significantly
reduces the level of TC among male smokers [4]. In animal study,
it is reported that quercetin increases fecal excretion of cholesterol
causing a decrease in the levels of serum cholesterol in rats [46]. Apart
from that, quercetin may reduce the synthesis of hepatic fatty acid
and inhibit biosynthesis of cholesterol in rat hepatocytes [47]. Honey
has been reported to have flavonoids such as kaempferol, catechin,
naringenin, apigenin and luteolin [11] as well as quercetin [36]. Thus,
the significantly reduced level of TC found in smoker with honey
group in the present study could be partly explained by the effect of
quercetin, which is present in honey, on lipid metabolism among
smokers.

Conclusion

In conclusion, chronic smokers had significantly higher levels
of TG, LDL and TC as well as significantly lower level of HDL.
Supplementation of Tualang honey for 12 weeks significantly reduced
the level of LDL and TC among chronic smokers. These findings may
suggest that honey supplementation can be used among chronic
smokers in order to protect their health from the risk of having
cardiovascular diseases which could be further evaluated with larger
number of participants.
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