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ABSTRACT Diabetes is a major health concern worldwide, social habits are an important part of its etiology and poor glyce-
mic control is a major contributor of associated morbidity. Betel nut (Areca catechu) is chewed regularly by at least 

10% of the world population. The alkaloids or nitrosated compounds present inside act as competitive inhibitors of GABA receptors and have 
widespread effects in the body, including actions on the brain, cardiovascular system, lungs, gut and pancreas. Increased central obesity is 
also found in association with betel usage in man. The effects of chronic betel usage in man are at least as diverse as those of smoking and 
the habit increases the risks of ill health. In view of the above theory the present study was conducted in department of biochemistry Sid-
dhartha Medical College, Vijayawada and Bhaskar Medical College, Yenkepally. A total of 70 patients were enrolled in the study with an aim 
to document the usage and effects of betel nut chewing in diabetic patients. The majority of patients with diabetes were in the older age group 
(>45 years) and many of them were overweight or obese.  Those who were habituated to betel nut chewing showed poor glycemic control as 
evidenced by the high mean of  post prandial blood sugar of  160mg/dl (p<0.001) and HBA1C levels of > 7% (p<0.001) where as the fasting 
blood sugar levels had no significant differences (p>0.001). As most of the times betel nut is taken after food and on the balance of evidence 
we can say that chronic consumption of betel nut in diabetic people is a contributing factor for poor control of post prandial blood sugar 
levels. The possible mechanism is by inhibition of GABA receptors on pancreas. There is necessity of further work in the probable mechanism 
of poor control. 

Introduction
Diabetes is a major health concern worldwide and social habits 
are an important part of its etiology. Since Paan(beetle leaf) con-
sumption is a psychoactive and addictive habit and is used by 
about 600 million people worldwide1. Production wise, India tops 
the list of major betel nut producing countries followed by Chi-
na and Myanmar. India also leads the major betel nut consum-
ing countries’ list with almost the entire list comprising of the 
countries from Asian continent2. Several mechanisms have been 
identified by which the specific alkaloids of the Areca catechu 
nuts, chewed alone or within Paan `quids’ or `chews’ made by 
wrapping chopped betel-nut, sea shells or slaked lime, and some-
times other ingredients, in a leaf of the piper beetle vine produce 
physical and psychological effects3. Users report increased well-
being and a soothing effect on the digestion, protection of the 
mouth and gums and some euphoria and hence used on many 
social occasions after food4. Acute ill effects are also reported at 
high rates of usage and include cardiac arrhythmia, exacerbation 
of asthma, acute psychosis and acute gut upset.5 There are four 
main arecal alkaloids, arecoline, arecaidine, guvacine and guva-
coline. Arecal alkaloids have anti-muscarinic effects on smooth 
muscle, especially arecoline. They also bind to GABA receptors 
in the brain, contributing to their psychoactive effects6. GABA 
receptors are chloride channels, similar in structure to acetyl-
choline receptors and are found in many tissues of the body, in-
cluding pancreatic islets, where areca alkaloids can also be ex-
pected to have physiological effects; for example, arecaidine is 
as active as GABA in stimulating collagen synthesis by buccal 
fibroblasts7.Arecoline is not a simple activating ligand for the 
GABA receptor since it acts as a GABA receptor `blocker’ , pre-
venting normal GABA inhibition of neurotransmission8. There 
is a report of severe extra pyramidal symptoms in association 
with phases of unusually heavy betel quid usage thought to be 
due to antagonism of the anti cholinergic agent procyclidine by 
arecoline9.The immediate effects of betel quid chewing include 
palpitations, sweating and facial flushing with a feeling of skin 
warmth. Objective studies have confirmed that facial skin tem-
peratures rapidly increase by 0.5 to 20C with betel use10. While 
the pulse rate increases, whether or not the user is habituated to 
betel use, increases in blood pressure are only seen in novices11. 
Areca nut has also been reported to induce higher basal secretion 
of catecholamines from adrenal chromaffin cells than other paan 

ingredients12.

Chewing juices can, in vitro, inhibit the secretion of catachola-
mines in response to carbachol or high potassium concentra-
tions, suggesting paan components may affect the entry of Ca2+ 
into cells through high-voltage channels13. One of the GABA 
shunt enzymes, glutamate decarboxylase (GAD) is also found 
in islet cells and is an antigen strongly associated with the ap-
pearance of GAD antibodies at the onset of type I diabetes in 
man14. Since arecal alkaloids act as GABA receptor inhibitors 
they could, by blocking the inhibitory effects of GABA on gluca-
gon and somatotrophin secretion, increase their release. An 
immediate effect is of a rise in glucagon with hyperglucagonae-
mia. This is a mechanism, therefore, that might be capable of 
leading to hyperglycaemia, or eventual diabetes, over time. Re-
duced expression of GAD is produced by GABA inhibition and 
this in turn reduces autoimmune responses to GAD in rat islets 
and brain15. One feature common to diabetogenic nitrosocom-
pounds, including STZ, is that they each contain a moiety with 
a `ring’ structure similar in configuration to the chair-shaped 
`ring’ of hexomeric glucose. It is this part of the molecule that 
may, by binding to islet beta cell glucose receptors, account for 
their diabetogenicity16. Similar findings are reported for dietary 
sources of nitroso-compounds. Increased maternal intake of ni-
trosamines being associated with increases in childhood type I 
diabetes in man17. 

The effect of areca feeding on glucose tolerance and on the pan-
creatic islets has been investigated in the mouse18.  8.3% of betel-
fed adults developed permanent hyperglycaemia, central obesity 
and islet enlargement with beta-cell changes typical of human 
type II diabetes in contrast to an incidence of diabetes of 0.5% 
in the colony as a whole and in control-fed animals. Areca con-
sumption could increase the risk of the development of diabetes 
in man was established by a study showing hyperglycemia in re-
lation to paan usage and other recognized risk factors for type 
II diabetes in adult Bangladeshis living in Tower Hamlets, east 
London, between 1991 and 199319.  Thus there is a theoretical 
basis for suspecting that areca nut might well prove to be a dia-
betogenic item of diet. In view of the above theory the present 
study was conducted in department of biochemistry Siddhartha 
Medical College, Vijayawada and Bhaskar Medical College, Yen-
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kepally. A total of 70 patients were enrolled in the study. The aim 
of the study was to document the usage and effects of betel nut 
chewing in diabetic patients attending the hospital. 

Materials and methods
This study was conducted in department of Biochemistry, Sid-
dhartha Medical College, Vijayawada and Bhaskar Medical 
College, Yenkepally from June 2013 to May 2015. A total of 70 
patients who had documented Diabetes Type II and were on 
treatment were enrolled after taking their consent. All the en-
rolled patients were interviewed and their medical history was 
taken. It was estimated that 50% of diabetic patients are betel 
nut chewers with a 95% confidence interval of 44% to 56%. Pa-
tients on treatment with Insulin or having other co-morbid con-
ditions were excluded from the study. Those enrolled were divid-
ed into two groups, Betel nut chewers and Non chewers. Blood 
investigations were done at the time of diagnosis and after three 
months of follow up in both the groups. Blood samples were 
taken in Oxalate-NaF for blood glucose estimation and in plain 
tubes or HbA1C. Both fasting and post prandial blood glucose 
within 2 hours after food and was estimated along with HBA1c20.   
Blood glucose was estimated using GOD POD method21 and 
HBA1C using Ion Exchange Resin Method.

Results
Age, sex, weight and BMI
Of the 70 diabetic patients, there were 44 males and 26 females 
with their ages ranging from 25 to 78 years (at the time of their 
diagnosis). The majority (60%) of the patients were aged 45 years 
and above. The mean age, median age and interquartile range 
were respectively 47, 49 and 40 - 55 years for males and 44.9, 45.0 
and 38-54 years for females. In each age group, there were more 
male than female patients. Those under 35 years old account 
for 11% of the cases while 40% of the patients were in the 45-
54 years age group and 22% were aged 55 years and above. The 
maximum and minimum weights recorded at diagnosis were 
92 and 38 kg respectively. The overall mean, median and inter-
quartile range for weight was 69, 71 and 63-78 kg respectively at 
diagnosis. The mean weight and interquartile range for males 
and females were 73, 64-82 and 69, 60-74 kg respectively (Table 
1, figure 1).

The highest and lowest BMI were 40 kg/ m2 and 17 kg/m2 with 
the overall mean and interquartile range 26 kg/m2 and 23-28 
kg/ m2 respectively. The mean and interquartile range for males 
were respectively 27.6 kg/ m2 and 25-30 kg/m2, and for females 
24.7 kg/m2 and 23-31 kg/m2 as shown in table 1 and figure 1. 
Of the 70 diabetic patients from whom a family history was ob-
tained, 25 (35.7%) had a positive family history of diabetes. 7 
of the 25 (28%) had one parent and 12 (48%) had a brother or 
sister with diabetes, and the others had a parent plus a sibling 
with diabetes. There were 35% of men and 36% of women with 
a family history of diabetes mellitus. Overall, 74% of diabetic pa-
tients were chewing betel nut before and continued doing so af-
ter their diagnosis. Betel nut chewing was more among females 
who constituted 79% when compared to males who constituted 
67%. Amongst the chewers the majority (57%) of patients used 
less than 5 betel nuts per day and only 23% chewed 5-9 nuts per 
day and 19% 10 or more nuts per day.

Table 1: age,sex , weight and BMI

Num-
ber 

Age Weight BMI

Mean
Inter-
quartile 
range

Mean
Inter-
quartile 
range

Mean
Inter-
quartile 
range

MALES 44 47 40-55 73 64-82 27.6 25-30

FE-
MALES 26 45 38-54 69 60-74 24.7 23-31

Blood glucose level
Fasting and post prandial levels were estimated at time of diag-
nosis and most recent i.e 3 months post diagnosis. In betel nut 
chewers at the time of diagnosis the overall mean fasting blood 
glucose level was 156.2 mg/dl with an interquartile range of 119-
202 mg/dl. The mean fasting glucose was 148.3 mg/dl for males 
and 166 mg/dl for females. The interquartile range for males was 
112 -211.3 mg/dl and for females 108-224.7 mg/dl. The means of 
the most recent fasting blood glucose level overall were 89.8mg/
dl with interquartile range of 117.7- 182.1 mg/dl. The mean and 
interquartile range in males and females were 87 and 92 mg/dl 
respectively and the interquartile ranges were 72.2 - 140.4 mg/
dl for males and 69 to 154.2 mg/dl in females. In non-chewers 
at the time of diagnosis the overall mean for fasting glucose was 
150.2 with an inter quartile range of 117.5- 198.2 mg/dl.  The 
mean and interquartile ranges of fasting blood glucose for males 
were 152.4 mg/dl, 110.4 – 216.2 mg/dl and in females were 
148.6 mg/dl, 109.1 – 232 mg/dl .  After 3 months the overall 
mean and interquartile ranges of fasting blood glucose were 92.6 
mg/dl and 112 – 176.5 mg/dl. The mean and interquartile range 
in males was 78.1 mg/dl, 68.6 – 139.9 mg/dl and in females were 
90.7 mg/dl, 71.6 – 149.9 mg/dl. the difference in fasting levels 
between betel nut chewers and non chewers after 3 months was 
statistically not significant with P >0.001. In betel nut chewers at 
the time of diagnosis the overall mean post prandial blood glu-
cose level was 255.6 mg/dl with an interquartile range of 180-
288 mg/dl. The mean post prandial blood glucose levels at the 
time of diagnosis were 270 mg/dl for males and 244.8 mg/dl for 
females. The interquartile range for males was 203.4 -298.8 mg/
dl and for females 180-293.4 mg/dl. After three months the over-
all mean and interquartile range was 189.8mg/dl, 141- 248.2 mg/
dl respectively. The means of post prandial blood glucose level in 
males and females were 185 and 191 mg/dl respectively and the 
interquartile ranges were 142.2-240.4 mg/dl for males and 139 to 
254.3 mg/dl in females. (Table 2, figure 2).

In non-chewers at the time of diagnosis the overall mean and in-
terquartile range was 224.4 mg/dl, 168-261.2 mg/dl respectively. 
In males and females the means were 236mg/dl and 218.1 mg/
dl with the respective interquartile ranges of 172.2-262.4 mg/dl 
for males and 164.4-251.3 mg/dl for females. After three months 
the levels in post prandial blood sugar were slightly lower than 
in betel nut chewers with overall mean and interquartile range of 
151.7 mg/dl, 114 – 172.9 mg/dl respectively. Mean and interquar-
tile ranges for males were 142.3 mg/dl, 106.4 – 182.1 mg/dl and 
in females were 158.6 mg/dl, 114 – 172.9 mg/dl. The difference 
in post prandial blood glucose levels at three months between be-
tel nut chewers and non chewers was statistically significant with 
p<0.001. (Table 3, figure 2).

Table 2: blood glucose in betel nut chewers
Cat-
egory Betel nut chewers (all values are in mg/dl)

Time At diagnosis After 3 months
Type Fasting Post prandial Fasting Post prandial

Sex Male Fe-
male Male Female Male Fe-

male Male Female 

Mean 148.3 166 270 244.8 87 92 185 191
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Inter-
quartile 
range

112-
211.3

108-
224.7

203.4- 
298.8

180-
293.4

72.2-
140.4

69-
154.2

142.2-
240.4 139-254.3

Table 3: blood glucose in non chewers
Cat-
egory Non chewers (all values are in mg/dl)

Time At diagnosis After 3 months

Type fasting Post pran-
dial fasting Post prandial

Sex Male Fe-
male Male Fe-

male Male Fe-
male Male Fe-

male 
Mean 152.4 148.6 236 218 78.1 90.7 142.3 158.6
Inter-
quar-
tile 
range

110.4-
216.2

109.1-
232

172.2-
262.4

164.4-
251.3

68.6-
139.9

71.6-
149.9

106.4-
182.1

104.9-
176.4

Figure 2: mean of blood glucose levels in diabetic betel nut 
chewers and non chewers

In betel nut chewers the mean HbA1c after three months was 
8.1 with interquartile range 7.1 - 9.8, and a minimum and maxi-
mum level of 5.8 and 12.2 respectively. Males had better control 
with mean HbA1c levels of 7.9 with interquartile range of 5.7 
to 9.2 whereas females had mean HbA1c levels of 8.3 and in-
terquartile ranges of  6.3 – 11.0. In non chewers the mean and 
interquartile ranges were 7.6, 5.6 – 8.8 with no significant dif-
ference between male and female with their respective means 
and interquartile range being 7.2 and 7.4, 5.3-8.3 and 5.2 – 8.5, 
P>0.001. The difference in HbA1c levels in betel nut chewers and 
non chewers was statistically significant with P <0.001. Only 17% 
of men and 23% of women in the study had fairly good control 
of their blood glucose (<180mg/dl). 80% of patients had poor 
control of their blood glucose level (>180 mg/dl). Of the 56 dia-
betic patients with poor control of their blood glucose level, 41 
(73.2%) were betel nut chewers. (Table 4, figure 3).

Table 4: HbA1c levels
Betel nut chewers Non chewers

Sex Male Female Male Female
Mean 7.9 8.3 7.2 7.4
Interquartile 
range 5.7-9.2 6.3-11 5.3-8.3 5.2-8.5

Figure 3: HbA1c comparision

Discussion

Most of the patients came from either Hyderabad or Vijayawada 
city and had adapted an urban lifestyle. We have observed that 
Diabetes mellitus is more common in the older age group and in 
those who have lived in urban centers for a long time and have 
adopted a more western lifestyle. Many of the enrolled patients 
prefer to eat western-type food including Burgers, Pizza and a 
local delicacy like Biryani and kebab was common among all. 
History also revealed that most of them could not eat on time 
either due to work or some other delay. Most of them had habit 
of chewing paan or having plain betel nut after taking a meal 
and few had habit of eating flavored betel nut throughout the 
day and some had them at social events, majority (57%) using 
less than 5 betel nuts per day. Betel nut chewing was more com-
mon among females than in males. All of the enrolled patients 
had picked up this habit of chewing betel nut from their elders. 
Over 70% of the diabetic patients in the study were betel nut 
chewers before their diagnosis, and have continued the habit 
while undergoing treatment for diabetes of whom the major-
ity (80%) of the patients had poor control of their post prandial 
blood glucose level which suggests a possible relation between 
chewing of betel nut after food and poor blood glucose control. 
A study in the United Kingdom found that weight gain and hy-
perglycaemia were associated with betel nut chewing among 
Asians living in east London22, and similar studies in Taiwan 
and Port Moresby, the prevalence of high fasting capillary blood 
glucose was found to be more than 30% among betel nut chew-
ers compared to 10% in non-chewers23 and found that betel nut 
chewing is an independent risk factor for type 2 diabetes melli-
tus24.  Adapted to a sedentary lifestyle most of their work includ-
ed working from a office chair and involved less than 30 minutes 
of workout. History also revealed that only 20 % of the enrolled 
members were smokers and many of them only smoked socially. 
35 % of them had family history of diabetes with males and fe-
males having almost equal distribution.

Many of the diabetic patients were overweight or obese at the 
time of their diagnosis with males being more obese and Andhra 
Pradesh ranks 5th in the obesity ranking25. The association be-
tween obesity, physical inactivity and type II diabetes is common 
among populations in Indians who are obese and physically less 
active and live in metropolitan cities26. Obesity is implicated as 
an important risk factor as it induces resistance to the action of 
insulin in type II Diabetes mellitus27. The number of insulin re-
ceptors on the target cells and/or decreasing glucose transport 
through post receptor changes may occur in obesity28 . In view 
of these research findings, the habit of chewing betel nut by the 
diabetic patients could help to explain the fact that the major-
ity of them have very poor control of their blood glucose level. 
This is indicated by the observations that mean post prandial 
blood glucose levels at the time of diagnosis were slightly lower 
in non chewers (236,218.1mg/dl) than that of betel nut chewers 
(270,244.8 mg/dl) in both males and females respectively. There 
was no significant difference (p>0.001) in the fasting values 
at the time of diagnosis and values in both males and females 
showed similar distribution. Post prandial blood glucose levels 
at three months in non chewers (142.3, 158.6 mg/dl) were sig-
nificantly lower (P<0.001) than that of betel nut chewers (185, 
191 mg/dl) in both males and females respectively. Females 
showed a better control of post prandial blood glucose than 
males at 3 months (P< 0.01). The statistical difference was not 
significant (P>0.001) when fasting blood glucose was compared 
at 3 months intervals and both males and females had similar 
distribution of values (P>0.001). HbA1c levels in non chewers 
(7.2, 7.4) were significantly lower (P<0.001) than betel nut chew-
ers (7.9, 8.3) in both males and females respectively. Female non 
chewers showed better control with lower mean blood glucose 
levels (P<0.001). The above results clearly indicate that chewing 
betel nut has a significant effect on post prandial blood glucose 
levels and the effect appears to be more prominent in females. 
It is imperative that patients are involved in their own self-care 
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management. Counseling programs on physical activity improve 
blood glucose control in diabetes29. There is evidence that ad-
equate patient education improves control of blood glucose 
level and reduces complications30. The patients also need to be 
informed about the likely harmful effects of betel nut chewing 
on their diabetes mellitus. In this study, there are possible con-
founders (that have not been controlled for) such as non-compli-
ance with treatment, change of oral hypoglycemic and choice of 
oral hypoglycemics and the patients’ inappropriate diet includ-
ing alcohol that would contribute to poor glycaemic control. 
However, in view of the findings in the present study and other 
studies, betel nut chewing is likely to be a contributing factor 
to the poor glycaemic control mostly affecting the post prandial 
blood glucose levels. 

Conclusion
Betel nut chewing may be a contributing factor to the poor gly-
caemic control in diabetic patients affecting the post prandial 
blood glucose levels. As the majority of diabetic patients have 
poor control of their blood glucose, this observation concerning 
the effect of betel nut chewing on blood glucose control and its 
predilection towards females should be made known to the pa-
tients, their families and the community because many people 
chew betel nut but do not know the risks involved in this habit. 
They should be specifically advised to avoid betel nut chew-
ing after food as this practice may be helpful in better control 
of post prandial blood glucose and avoidance of large doses of 
oral hypoglycemics. Diabetes patients’ education and training is 
one of the most important activities in the overall management 
of diabetes mellitus. It is important for the patients and their 
families to increase their knowledge, skill and self-management 
abilities in order for them to make changes in their lifestyle, and 
enable them to cope with the disease. Good diabetes knowledge 
with a positive emotional outlook, and understanding of the 
problems that may occur in the course of the disease, may help 
the patient to maintain good health. Further investigations in-
volving other confounding factors and other GABA receptor in-
hibitors should be undertaken to test the link between betel nut 
chewing and poor glycaemic control.
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