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Abstract: Although light-to-moderate @lcohol consumption is considered beneficial, alcohol in binge doses or
high cumulative lifetime _consumption leads to cardiovascular diseases, metabolic’ syndrome and structural
damage to various organs. Alcohol is known to alter blood lipid concentrations; however, the association of the
types of acohol on the lipid profile has not been investigated.extensively. A cross-sectional study involving
male participants (n = 86) aged 20 to 60 from the Ranchi and Dhanbad zone of Jharkhand, India, was carried out
to investigate the effects of cumulative lifetime consumption of Haria, a local rice-based fermented alcohal,
Indian made foreign liquor. (IMFL), and a combination of the two on the blood lipid profiles. Demographic
characteristics, dietary intake and medical history were obtained from the participants by questionnaire, and
lipid levels were determined by analysis of blood samples. The effect of Haria alone on the blood lipids was also
investigated on the local female population (n = 31). After adjusting for demographic and dietary factors, IMFL
and combination of IMFL and Haria consumption was associated with increased serum total cholesterol,
triglyceride, and low density lipoprotein (LDL) cholesterol levels (P < 0.05) and decreased high density
lipoprotein (HDL) cholesterol levels (P < 0.05). None of the blood lipids changed sgnificantly in Haria
consumers in both male and female groups. This study suggests that Haria, a popular alcoholic beverage of
West Bengal and east-central India, is a relatively safe local alcoholic beverage and does not alter the lipid

profilein consumers.

Keywords: Alcohol, Cholesterol, Coronary artery disease, Haria, Lipid profile, Indian made foreign liquor,
Lipoproteins.


https://doi.org/10.1101/439042

bioRxiv preprint doi: https://doi.org/10.1101/439042; this version posted October 10, 2018. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

I ntroduction

Over the last few decades, accumulating evidences suggest that light-to-moderate alcohol consumption may
operate through an improved lipid profile [1] including increase in high density lipoprotein (HDL) cholesterol
and apolipoprotein A-l, and, to a lesser extent, a decrease in low density lipoprotein (LDL) cholesterol [2-4]
thus offering protection against cardiovascular diseases morbidity and mortality [5-7]. Although the definition
of a moderate dose somewhat differsin the field, 2 drinks a day (20-30 g of alcohol) for men and one drink a

day (10-15 g of alcohol) for women may be considered a moderate level of alcohol consumption [8].

On the other hand, high dose of alcohol consumption (> 60 g per day in men and > 40 g per day in women) [9]
arising from binge doses or high cumulative lifetime consumption may induce a spectrum of cardiovascular
diseases often accompanying arterial hypertension, diabetes and altered lipid profiles [10-16]. Owing to the
global burden of diseases arising from excessive alcohol.consumption, there are concerted efforts to promote
moderation throughout the population, with interventions such as*“Alcohal, lessisbetter” [17, 18].

Interestingly, it is reported that heavy alcohol consumption, regardless of the type\of’ alcoholic beverage
consumed that includes beer, wine and-spirits, result.in significantly greater levels of HDL cholesterol, HDL3
cholesterol, and: apolipoprotein A-l in both white and African-American males and females of the large
Atherosclerosis Risk in Communities (ARIC) study [19]. In clear contrast to the earlier findings, this study
reports that the alterations in the lipid profile of heavy drinkers appear similar to the light-to-moderate drinkers
irrespective of the alcohol type [19]. It'istherefore uncertain if different types of alcohal truly affect the lipid
profile to a smilar extent. It becomes imperative to investigate whether regular heavy drinkers in the Indian
sub-population, where a significant percentage of drinking population consumes locally made alcohol, shows

similar ateration in lipid profile in response to the consumption of different types of alcoholic beverage.

Here, we carried out a cross-sectional study to investigate the influence of different types of alcoholic beverages
on blood lipid levels arising out of excessive alcohol consumption in the ethnic male population of Ranchi and
Dhanbad zone of Jharkhand. Participants of this study were divided into four groups, non-drinking control
group, Haria, a locally made rice-based fermented alcohol, drinking group, Indian made foreign liquor (IMFL)
that includes whiskey, gin, rum, brandy and vodka consuming group and group that consumed both IMFL and
Haria. The blood lipid profile that included serum total cholesterol, LDL cholesterol, serum triglyceride, and
HDL cholesterol were assessed in these groups. We were surprised to find that Haria, one of the most popular
local alcoholic beverages of West Bengal, Jharkhand and east-central India and heavily consumed in this region,
showed no alteration in the lipid profiles not only in male but also in female drinking groups when compared to
non-drinking gender matched controls. On the other hand, IMFL and combination of IMFL and Haria showed
aterationsin the lipid profile indicating detrimental effects of these on the local male population.

Materialsand M ethods

Participants of the study: The total number of cases studied was 117 and divided into the following age-
matched groups: Haria drinking male group (n = 30), Haria drinking female group (n = 15), IMFL drinking male
group (n = 20), IMFL+Haria group (n = 20), non-drinking male (n = 16) and non-drinking female (n = 16)
control groups. The age group of all the participants varied between 20 to 60 years. The blood samples collected
from the participants were analyzed biochemically for total serum cholesterol, serum LDL cholesterol, serum
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triglyceride and serum HDL cholesterol levels. Detailed information regarding the nature of the study was made
available to the participants and consent was obtained from each participant. Prior ethical clearance certificate
was obtained from the Institutional Ethics Committee (ICE) that strictly follows the Indian Council of Medica

Research (ICMR)’ s ethical guidelines for biomedical research on human participants.

Selection of cases: Only those participants were included in the present gudy thet had no other existing disease
conditions known to influence the lipid metabolism. In brief, participants suffering from diabetes mellitus,
jaundice, and renal disease over the past sx months were not included in the study. The sampling was deferred for
two weeks in cage of reportsof minor illness. The layout of the proforma document for each participart is provided (Supporting
I nfor mation, Scheme 1). The participants were asked to take their habitual diet including alcohol for &t least two weeks
prior to sampling as hypertriglyceridemia might disappear temporarily if alcohol consumgtion were sopped.

Callection of blood samples: A morning sample of venous blood after an overnight fast was collected by a dry and
sterile syringe. 5 ml of blood was withdrawn from the antecubital vein of the forearm of the participants. Venous sasswas
avoided during blood withdrawal as lipid concentration'may increase by as much as 15% during prolonged venous
stasis. The serum wias used for the estimation of required lipid.concentration.

Method for estimation of total serum cholesteral: A kit from the Ranbaxy Laboratories was used to determine
the total serum cholesteral. It is based on modified Allain’s enzymatic method [20]. Briefly, the hydrogen peroxide
formed during cholesterol oxidation reects with 4-Amino antipyrine and phenol in the presence of peroxidase to
produce colored quinonimine dye. The intensity of the color produced is proportional to the cholesterol
concentration.

Reagents The buffer solution contained 3 mmol/L of sodium cholate, 0.82 mmol/L of 4-
aminophenazone, 14 mmol/L of phenol, 50 mmol/L of NaHPO, (disodium hydrogen phosphate), 50
mmol/L of NaH,PO, (sodium dihydrogen phosphate), and 0.017 mmol/L of carbowax 6000. The enzyme reagent
contained 33 U/L of cholesterol ester hydrolase, 117 U/L of cholesterol oxidase, 67,000 U/L of peroxidase. The
cholesterol standard used was 200 mg/dl.

Procedure of the test: The absorbance of the test and standard against blank were measured on a photo colorimeter
with a green filter at 530 nm. The optical density (OD) values at different concentration of cholesterol are shownin
theFigure S1. The readings were linear up to the concentration of 700 mg/dl. .

Calculation: The total serum cholesterol can be calculated by using the formula below:

absorbance of test

Cholesterol in mg/dl = X strength of standard

absorbance of standard

Method for estimation of HDL cholesterol: Low-density lipoprotein (LDL), very low-density lipoproteins
(VLDL) and chylomicrons was precipitated by polyanions in the presence of metal ions to leave the HDL in
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solution. The cholesterol content of the supernatant fluid was then determined by the enzymatic method. The
precipitating reagent used was phosphotungstate/magnesium. A kit from Ranbaxy laboratories was used for this

purpose.

Reagent: Buffer solution, enzyme reagent, HDL cholesterol standard of strength 50 mg/dl, precipitating reagent
that contains phosphotungstate reagent, magnesium chloride solution (2 mmol/L), and tris Buffer (10 mmol/L).
The buffer solution and the enzyme reagent were the same as used in total serum cholesterol estimation.

Procedure of the test: Readings of the absorbance of test and standard were taken against the blank in a photo
colorimeter at 530nm wavelength with a green filter as a function of HDL cholesterol concentration. The OD
values at different concentration of HDL cholesterol are shownin figure S2.

Calculation: The HDL cholesterol can be calculated by using the formula below:

absorbance of test

HDL Cholegterol in mg/dl = X strength of standard

absorbance of standard

Method for estimation of serum triglyceride (TG): Dr.«Reddy's kit was used for the estimation of triglyceride
level in serum. It is based on GPO-PAP method, 'an enzymatic method. Briefly, Triglyceride is hydrolyzed to
glyceral and free fatty acids by lipoprotein lipase (LPL). In the presence of ATP and glycerokinase, the glycerol is
converted into glycerol - 3 phosphate, which is then oxidized by glycerol -3 phosphate oxidase (GPO) to yield
hydrogen peroxide and Dihydroxyacetone phosphate in presence of oxygen. Hydrogen peroxide in the presence of
peroxidase reacts with chromogen (4-chlorophenol and 4-amino antipyrine) to form a colored complex. The
intensity of the color developed is proportional to the triglyceride concentration, which was measured in a photo

colorimeter with a green filter at a wavelength of 530 nm.

Reagents. The enzyme reagent contains enzymes as lipoprotein lipase, glycerol-3 phosphate oxidase, glycerol
kinase and peroxidase.

Procedure of the test: The absorbance of test and standard were measured against blank on a photo colorimeter at
530 nm of wavelength with a green filter as a function of different concentration of triglyceride. The OD values
againg different concentration of triglyceride are shown in figure S3. It is observed that the curve in linear up to
1000 mg/dl.

Calculation: The triglyceride concentration can be calculated by using the formula below:

bsorbance of test .
AosorPance @ = _x concentration of standard

Triglyceride concentration in mg/dl =

absorbance of standard

Method for estimation of serum LDL cholesterol: In the absence of a separate estimation method of LDL, an
indirect method was used in accordance with the outline of Friedewald formula[21]. The LDL cholesterol was
calculated from the estimated values of triglyceride, total cholesterol, and HDL cholesterol which were directly
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assayed in the serum by methods described above. The value of LDL cholesterol was calculated as LDL
Cholesterol = Total cholesterol - HDL — (TG /5).

Statistical analysis: The dtatistical analysis viz. standard error of the mean, and analysis of variance was done
according to Snedecor and Cochran [25]. In case of the significant effect of ‘F in the analysis of variance, the
pai rwise comparison of mean was done with the help of critical difference test. The formula used for determination
of the variance, co-efficient of variance and analysis of variance have been described (supporting information,

scheme 2).

Results

The desirable level of total serum cholesterol in a healthy male participant-is < 5.2 mmol/L (200 mg/dl), LDL
cholesterol is < 2.48 mmol/L (100 mg/dl), serum triglyceride is< 1.7.mmal/L (150 mg/dl) and HDL cholesterol is
> 1.05 mmol/L (40 mg/dl). Alterations in these values increase the risk of cardiovascular, diseases [22]. The result
congsts of 117 subjects who are apparently healthy, free from any endocrinal iand-cardiac disorder, as ascertained
by their history and clinical examination.

Effect of typesof alcohol on thelipid profile of local male groups

Total serum cholesterol: The edlimation of the total serum cholesterol level of the male participants who were
regular and heavy drinkers of Haria, IMFL or IMFL+Haria and the non-drinking age-matched control groups are
shown as a bar diagram in Figure 1A. The serum cholesterol in the Haria group (143.00 + 3.14 mg/dl, mean +
SEM) was found to be similar to that of the age-matched control group (138.00 + 5.20 mg/dl) while the IMFL
group (188.00 £ 7.67 mg/dl) and IMFL + Haria group (177.00 + 11.14 mg/dl) showed datistically significant
elevated serum cholesterol levels (p < 0.05).

Serum triglyceride: The estimation of the serum triglyceride (TG) levels of the male participants of the four
groups are shown as a bar diagram in Figure 1B. The serum triglyceride in the Haria group (104.00 + 4.39
mg/dl) was found to be smilar to that of the age-matched control group (108.00 + 3.83 mg/dl) while the IMFL
group (167.00 + 14.68 mg/dl) and IMFL + Haria group (126.00 £+ 5.23 mg/dl) showed statistically significant
elevated serum triglyceride levels (p<0.05).

Serum HDL cholesteral: The estimation of the serum HDL levels of the male participants of the four groups are
shown as a bar diagram in Figure 1C. The serum HDL cholesterol in the Haria group (42.80 £+ 1.02 mg/dl) was
found to be similar to that of the age-matched control group (42.34 + 1.06 mg/dl) while the IMFL group (35.60
+ 1.08 mg/dl) and IMFL + Haria group (35.07 £+ 0.77 mg/dl) showed statistically significant decreased serum
HDL cholesterol levels (p < 0.05).

Serum LDL cholesterol: The estimation of the serum LDL cholesterol levels of the male participants of the four
groups are shown as a bar diagram in Figure 1D. The serum LDL cholesterol in the Haria group (79.00 + 3.50
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mg/dl) was found to be similar to that of the age-matched control group (74.00 + 3.68 mg/dl) while the IMFL
group (119.00 + 7.30 mg/dl) and IMFL + Haria group (116.00 £ 11.90 mg/dl) showed statistically significant
elevated serum LDL cholesterol levels (p < 0.05).
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Figure 1. Effect of the type of alcohol on the blood lipid profile of local male population of Jharkhand.
The local male population was divided into four groups; non-drinking control group (n = 16), Haria drinking
group (n = 30), Indian-made foreign liquor (IMFL) group (n = 20) and IMFL + Haria group (n = 20). The blood
sample for lipid analysis was collected in the morning following an overnight fasting period. (A) The bar graph
shows the level of total serum cholesterol concentration, expressed in mg/dl, of the above four groups. The
cholesterol concentration of the IMFL (green) and IMFL + Haria (blue) showed significant elevated levels when
compared to the controls (black) (p < 0.05). The Haria (red) group serum cholesterol levels did not differ
significantly from that of the control (black) group. (B) The serum triglyceride levels between the control
(black) and Haria (red) groups showed no significant difference while a significant elevated levels were
observed with the IMFL (green) and IMFL + Haria (blue) groups (p < 0.05). (C) The serum high density
lipoprotein (HDL) cholesterol levels were observed to be significantly lower in the IMFL (green) and IMFL +
Haria group (blue) (p < 0.05) while no difference was observed in the Haria (red) consuming group when all
three groups were compared to the controls (black). (D) The serum low density lipoprotein (LDL) cholesterol
levels were significantly elevated in the IMFL (green) and IMFL + Haria (blue) group but the Haria (red) group
alone showed no significant difference when compared to controls (black). Values represent mean +

SEM .* Indicates that the differences are statistically significant when compared to the control group (p < 0.05).
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Serum cholesterol/HDL ratio: The estimation of the serum cholesterol/HDL ratio of the male participants of the
four groups are shown as a bar diagram in Figur e 2A. The serum cholesterol/HDL ratio in the Haria group (3.34
+ 0.08) was found to be similar to that of the age-matched control group (3.23 + 0.12) while the IMFL group
(5.28 £ 0.22) and IMFL + Haria group (5.01 + 0.31) showed datistically significant elevated serum
cholesterol/HDL ratio (p<0.05).
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Figure 2. Effect of the type of alcohol on the blood lipid ratios of local male population of Jhar khand.
The local male population was divided into four groups; non-drinking control group (n = 16), Haria drinking
group (n = 30), Indian-made foreign liquor (IMFL) group (n = 20) and IMFL + Haria group (n = 20). (A) The
bar graph of the ratio of the total cholesterol (TC) to the HDL cholesterol was plotted for various groups. The
Haria (red) consuming group shows ratio similar to that of the control (black) group while the IMFL (green)
and IMFL + Haria (blue) group shows significant elevated TC to HDL ratio (p < 0.05). (B) The LDL/HDL
ratio showed significant difference when IMFL (green) and IMFL + Haria (blue) groups were compared to the
controls (black) (p < 0.05). The Haria (red) group behaved smilar to the controls. Values represent mean +
SEM. *Indicates that the differences are statistically significant when compared to the control group (p < 0.05).

Serum LDL/HDL ratio: The estimation of the serum LDL/HDL ratio of the male participants of the four
groups are shown as a bar diagram in Figure 2B. The serum LDL/HDL ratio in the Haria group (1.86 * 0.08)
was found to be smilar to that of the age-matched control group (1.74 + 0.09) while the IMFL group (3.33 +
0.21) and IMFL + Haria group (3.31 + 0.34) showed statistically significant elevated serum LDL/HDL ratio (p
<0.05).

Effect of Haria.on thelipid pr dfile of thefemale group

The female groups of the Dhanbad and Ranchi zone largely consumed Haria; as a result we could carry out the
estimation of the blood lipids for the Haria drinking group only.
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Figure 3: Effect of Haria on the bloodlipids of local female population of Jharkhand. The local female
population was divided into two groups; non-drinking control group (n = 16) and Haria drinking group (n = 15).
The blood sample for.lipid-analysis was collected in the morning following an overnight fasting period. The bar
graph shows the total serum cholesterol, serum triglyceride, HDL and LDL for Haria drinking female (grey) and
non-drinking control (black) groups. The Haria consuming group shows no significant difference with the

control group in any of the four blood lipid types.

The blood lipid profile of the Haria drinking female groups compared to age-matched control groups are shown
in Figure 3. The serum cholesterol in the Haria group (139.00 + 4.54 mg/dl,) was found to be similar to that of
the age-matched control group (133.00 £ 5.06 mg/dl). The serum glyceride of the Haria group (105.90 + 7.30
mg/dl) was found to be similar to the control group (104.90 + 5.50 mg/dl). The serum HDL cholesterol of the
Haria group (43.60 £ 1.50 mg/dl) was found to be similar to the control group (44.30 £ 1.60 mg/dl). The serum
LDL cholesterol of the Haria group (74.30 + 4.40 mg/dl) was also found to be similar to the control group
(68.00 + 2.30 mg/dl).

Discussion

Increased level of total serum cholesterol, LDL cholesterol, serum triglyceride and low level of HDL cholesterol
is the leading cause of coronary artery diseases like atherosclerosis such that 1 mg/dl increase in HDL
cholesterol accounts to decrease the risk of cardiovascular disease (CVD) by 2% in men and 3% in women [22].
Itis estimated that 93% of body cholesterol is located in cells and only 7% circulating in plasma is responsible
for atherosclerosis [23]. Severa epidemiological findings have also revealed that hypercholesterolemia and
hypertriglyceridemia are the important risk factors responsible for the manifestation of atherosclerosisin the life
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of individuals. They are influenced by many other predisposing factors such as age, dietary habit, smoking,
alcohal intake and habits of the individuals.

Our present study reveals that the regular and heavy drinkers of Haria (both male and female groups) show lipid
profile similar to the age-matched and gender-matched control groups. Hence, the popular local rice-based
alcoholic beverage appears benign to the detrimental effects of alcohol consumption vis a vis alterations in
blood lipid concentrations. Male groups who consume IMFL and a combination of IMFL and Haria shows
atered lipid profiles including an increased cholesterol, triglyceride and LDL levels and decreased HDL levels.
Thisisindicative of alterations in physiology that could potentially lead to cardiovascular diseases. Hence these

groups are predisposed to disease conditions.

Conclusions

Haria is a popular and heavily consumed local rice based fermented alcoholic beverage of West Bengal, east-
central India and parts of Assam. Our findings with the local population, of. Ranchi* and Dhanbad belt of
Jharkhand, India, indicate that Haria:does not alter-the lipid profiles.of regular male and female consumers. On
the other hand, Indian made foreign liquor and a combination of IMFL and Haria produces chronic alterations to
the lipid profiles. Our cross sectional study indicates, that there is a crucial link between the types of alcohol
consumed and alterations in blood lipids. |1t-will' be interesting to investigate the other physiological effects of
Haria.in future studies and also.investigate the underlying mechanisms by which Haria appears to be benign to
the detrimental effects of high alcohol consumption. We speculate that Haria contains ingredients that are rich in
antioxidants, minerals and other nutrients that could counter the harmful effects of alcohol which requires
systematic investigation.
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