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ABSTRACT
During the holy month of Ramadan, Muslims fast during daytime hours and restrict
food and drink intake to the period after sunset.Two main meals are eaten during
Ramadan, one before dawn (Suhur) and the other at sunset (Iftar).In diabetic patients,
fasting may influence diabetes control and biochemical parameters.However, nothing
is known about the effect of Ramadan fasting on insulin secretory efficiency.
Aim Of The Study: to evaluate insulin secretory efficiency before and after Ramadan
fasting in a sample of egyptian type 2 diabetic patients using proinsulin:insulin (PI/I)
ratio. Patients and Methods: The present study included 44 type 2 diabetic patients
either were fasting or not. Patients were classified into 3 groups: Group (A):8 Diabetic
patients who did not fast the whole month. Group (B): 18 Diabetic patients who were
fasting (18-22) days. Group (C): 18 Diabetic patients who were fasting the whole
month. The Results showed:Significant weight gain after Ramadan fasting
(P<0.05).There was significant decrease in PI/I ratio after fasting the whole month of
Ramadan (P<0.05).There were significant positive correlations between PI/I ratio with
fasting blood glucose (r= 0.811, P<0.05),weight gain(r=0.482,P<0.05) and HOMA
IR(r= 0.417, P<0.05).There were significant negative correlations between PI/I ratio
and the number of fasting days (r= -0.462, P<0.05) and HOMA B%
(r=-0.346,P<0.05).There was highly significant negative correlation between fasting
blood glucose and HOMA B% (r=-0.709,P<0.001). Conclusion: Reduction of PI/I
ratio indicates the beneficial effect of fasting on β cell secretory efficiency and
reduction of β cell stress especially in patients fasting the whole month of Ramadan .
Keywords:Ramadan,Fasting,Insulin,Proinsulin,B cell secretory efficiency,HOMA IR,
HOMA B%.
INTRODUCTION
Diabetes mellitus is becoming a worldwide
disease. Its prevalence in adults was 4% in
1995 and is expected to rise up to 5.4% by the
year 2025 (1). Egypt is among the top ten
countries in diabetes prevalence (2).Ramadan is
the holy month for Muslims. The timing of this
month varies each year as it is linked to the
sighting of the new moon. During this month
foods and fluids are only allowed at night so
fasting extends from dawn to sunset. The exact
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length of time dependent on geographical
location and season, in August, fasting can last
over 15 hours a day (3). However, some patients
with diabetes fasting may induce several
complications (4),islamic rules allow such
patients not to fast, although they usually insist
on fasting. Patients with type 1 are among
those who are exempted to fast. The risk of
glycemic imbalance and diabetes control is
questioned during Ramadan fasting due to
changes in meal times, type of food, lifestyle

British Journal of Science
March 2014, Vol. 10 (2)
and the use of medications(4). Several studies
have studied the biochemical changes
occurring during Ramadan fasting both in
normoglycemic subjects (5,6) and in subjects
with diabetes (7,8,9). Most of these studies have
shown little change in glycemic control been
shown to occur (10,11). In patients with type 2
diabetes, it is clearly obvious that once
hyperglycemia exists, beta-cell dysfunction is
present.One of the consequences of this change
is the inefficient proinsulin processing to
insulin (12,13,14). Proinsulin and insulin are not
released equimolarly, and the plasma
concentration of proinsulin is usually only a
small proportion of that of insulin, with
clearance of proinsulin being lower than that of
(15)
insulin
.
Thus, fasting proinsulin
concentration may be considered a possible
indicator of β-cell dysfunction. (16). Its
predictive value has been confirmed in other
studies, and its measurement in individual
diabetic patients provides a reliable index of
insulin resistance. In addition to its role as an
early indicator of the disease, it may also
provide an important marker for selecting and
monitoring
an
appropriate
therapeutic
regimen(17). Grill et al, (2002) (18) suggested
that elevated proinsulin and proinsulin/insulin
ratios are secondary to increased demands on
β-cell secretion induced by hyperglycemia and
insulin resistance while, other prospective
studies
have
demonstrated
that
the
determination of the proinsulin-to-insulin ratio
may be used to predict deterioration in glucose
tolerance (19,20). Homeostatic model assessment
(HOMA) is a method for assessing β-cell
function and insulin resistance (IR) using
fasting glucose and insulin. It is first described
1985 by Matthews (21). The relationship
between glucose and insulin in the basal state
reflects the balance between hepatic glucose
output and insulin secretion, which is
© 2014 British Journals ISSN 2047-3745

maintained by a feedback loop between the
liver and β-cells and is the physiological
mechanism behind HOMA model. HOMA-%B
is a measure of β-cell activity, not of β-cell
health or pathology (22). This study aimed to
explore the effect of Ramadan fasting on
insulin secretory efficiency in a sample of
egyptian diabetic patients.
PATIENTS AND METHODS
This study had been carried out in Internal
Medicine Outpatient Clinic and Clinical
Pathology department- Zagazig University
hospitals. This study was performed during
Ramadan of Hijri year 1432 (August 2011). In
this year Ramadan was 30 days. The fasting
period was 14h and 50 min at the beginning of
the month and 14h at the end of the month; the
starting and finishing hours of the fasting were
approximately 3:30 a.m. and 5:30 p.m.,
respectively. We started the study on 56
diabetic patients but only 44 completed the
clinical visits with us and the other 12 missed
from the follow up visit. Their age ranged from
26 to 64 years; with mean ± SD 44.07± 13.09
years. 19 of them were males and 25 were
females. All participants provided informed
consent to share in this study.
The study participants were type 2 diabetic
patients on oral antihyperglycemic drugs
whether fasting or not. Patients were classified
into 3 groups: Group (A):8 Diabetic patients
who did not fast the whole month. They were 6
males and 2 females. Their age ranged from 26
to 60 years. Group (B): 18 Diabetic patients
who were fasting the month (18-22 days), but
miss some days due to menses or sickness.
They were 6 males and 12 females.Their age
ranged from 41 to 57 years. Group (C): 18
Diabetic patients who were fasting the whole
month. They were 8 males and 10 females.
Their age ranged from 42 to 60 years.
Type 1 diabetic patients, type 2 diabetic
patients on insulin therapy, patients with renal
disease or liver dysfunction, confirmed by
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laboratory testing of liver and kidney functions
and women who were pregnant or breast feeding
were excluded.
A) Before the beginning of Ramadan:
Full history taking and detailed clinical
examination
with
particular
consideration on :
1-Symptoms and signs of diabetes or its
complications (Neuropathy, retinopathy,
nephropathy).2-Body weight before the
beginning of Ramadan fasting.3-Fundus
examination
to
detect
diabetic
retinopathy.
Routine laboratory investigations:
1-Liver and kidney function tests.

characteristics of the study population were
presented as frequencies and percentages (%)
or mean values and standard deviations (SD).
According to the type of data, the following
tests were used to test differences for
significance; Paired t-test was used to compare
pre and post Ramadan fasting variables.
ANOVA was used to analyze repeated
measures.Non parametric Sign test used to
compare paired samples. Differences were
considered significant when p values were less
than 0.05 and highly significant when p values
were less than 0.001. Differences between
means (quantitative variables) in groups were
compared by Student’s t-test.Chi square for
(qualitative variables). Correlation of numeric
data was done by pearson’s correlation (r).

2-Fasting blood glucose level.
Specific investigations:
1-Serum insulin and proinsulin measured
by ELISA.
2-Nerve conduction velocity to detect
diabetic neuropathy.
B) After the end of Ramadan:
* History of the number of fasting days.
* Body weight after the end of Ramadan.
* Laboratory investigations : fasting blood
glucose,insulin and proinsulin.
Blood tests:
Blood samples were obtained from all
subjects at the beginning 1 or 2 days before the
start of Ramadan (pre-Ramadan) and 4 days
later following the fasting period finished.
HOMA-IR is calculated using the following
formula: Fasting Glucose (mg/dl) x fasting
Insulin (µU/mL) / 405. (21)
HOMA β is calculated using the following
formula: 360 x insulin (uU/mL) / glucose
(mg/dl)- 63(21)
Data were then imported into Statistical
Package for the Social Sciences (SPSS version
16.0) software for analysis. Baseline
© 2014 British Journals ISSN 2047-3745

RESULTS
Table (1) : shows the clinical characteristics
of all our groups ; the studied patients were 44
( 25 females and 19 males ), their age ranged
from 26 to 64 years; the mean age was 44.07±
SD 13.09. All patients were type 2 DM on oral
anti-diabetic drugs, 20 patients (45.5%) they
were not complicated, mean duration of DM
was 8.9 years ±7.977 (SD) and ranged from
1-35 years 45.5% of patients had positive
family history of DM and 25% had
hypertension with DM.There where no
statistical difference between groups regarding
the age,duration of DM,neuropathy,retinopathy
hypertension and family history of DM.
Table (2): Group (A) there was nonsignificant increase in mean body weight,
fasting blood glucose, insulin, proinsulin and
proinsulin: insulin ratio. While in group (B)
there were significant increase in mean body
weight and non-significant changes in other
parameters. And group (C) showed significant
increase in mean body weight, significant
decrease in proinsulin: insulin ratio and nonsignificant changes in other parameters. There
was significant improving in insulin secretory
efficiency in group C only (complete fasting),
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indicated by the significant decrease in PI/I
ratio.

between PI/I ratio and the duration of DM or
the age of patients .

Table (3):There was significant positive
correlation between proinsulin:insulin ratio and
fasting blood glucose, weight gain and HOMA
IR% (P<0.05) .There was negative correlation
between proinsulin : insulin ratio and HOMA
B% and the number of fasting days (P<0.05)
which indicates the beneficial effect of fasting
on β cell secretory efficiency and reduction of
β cell stress and non-significant correlation

Table (4) there was highly significant
negative correlation between fasting blood
glucose and HOMA B% (P<0.001) and highly
significant positive correlation between insulin
level and HOMA B% and HOMA IR
(P<0.001). These may indicate that good
glycemic control helps to improve the β cell
function(HOMA B%) .
.

Table (1): Patients’ clinical characteristics:
Group A

Group B

Group C

N=8

N=18

N=18

48.75±16.029
(26-60)

49.3±8.8
(41-57)

51.1±8.922
(42-60)

F=0.013

NS

12.25±13.351
(1-30)

6.33±5.018
(1-20)

10.72±8.73
(2-35)

F=1.82

NS

2 (25 % )
1 (12.5%)
2 (25 % )

3

(16.7 %)
(0%)
4 (22.2 % )

7(38.9 %)
1 (5.6%)
4 (22.2 % )

=5.8

NS

3

11(61.1 % )

6 (33.3 % )

5 (62.5 % )
3 (37.5 % )

9
9

(50 % )
(50 % )

6 (33.3 % )
12(66.7 %)

=1.1

NS

2
6

2 (11.1 % )
16 (88.9 % )

7 (38.9 %)
11 (61.1 %)

=4.6

NS

Clinical
Characteristics
Age (years) ± SD
Range(years)
Duration of
DM ± SD
Range( years )
Complications
Neuropathy
Retinopathy
Neuropathy with
Retinopathy
None

F

(37.5% )

0

P

Family history of DM

+ ve
- ve
Associated HPN
Yes
No

(25 % )
(75% )
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 Table (2) mean± SD of body weight and biochemical parameters among 3 groups before and
after fasting:
Group A
Parameters

before
96.25±
5.67

after
96.37±
5.7

FBG (mg/dl)

200.7±
63.184

233±
122.6

Insulin(pmol/l)

62.32±
74.32

PI (pmol/l)

48.85±
34.14

240.27
±
182.75
62±
19.39

PI/I ratio

1.37±
1.28

1.46±
2.14

Body weight
(kg)

Group B
P
t=1.00
NS
Sign
test
NS
Sign
test
NS
Sign
test
NS
Sign
test
NS

before
76.61±
13.72

after
77.56±
13.78

220.83
±
86.55
124.55
±124.4

227.5
±
98.6
112.6±
67.23

33.6±
26.38

33.03±
23.18

0.59±
0.70

0.52±
0.84

Group C
P
t= -2.7
P<0.05
Sign
test
NS
Sign
test
NS
Sign
test
NS
Sign
test
NS

before
84.83±
11.18

after
87.8±
11.62

P
t= -2.50
P<0.05

168.06
±
82.23
123.21
±130.3

158.78±
51.35

Sign test
NS

204.011
±131.67

Sign test
NS

48.66±
27.94

46.59±
25.26

Sign test
NS

1.26±
1.22

0.38±
0.51

Sign test
P<0.05

 Table (3) shows the correlation between different patient parameters and PI/I ratio in the
studied patients:
PI/I ratio
Patient Parameters
Pearson correlation
P
Age

-0.026

NS

Duration of DM
Number of fasting days

-0.002
-0.462

NS
<0.05

Body weight changes

0.482

<0.05

Fasting blood glucose
HOMA B%
HOMA IR

0.811
-0.346
0.417

<0.05
<0.05
<0.05

 Table (4) shows the correlation between HOMA B and HOMA IR and biochemical parameters
in the studied patients:
Biochemical
HOMA B%
HOMA IR
Parameters
r
P
R
P
Fasting
Blood
Glucose
Insulin
Proinsulin
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-0.709

<0.001

0.152

0.348

0.705

<0.001

0.769

<0.001

-0.160

0.325

0.236

0.143
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Discussion:
Ramadan fasting is one of the five pillars of
Islam. One billion Muslim adults worldwide
refrain from food, water and oral drug intake
from dawn to sunset during Ramadan fasting.
Ramadan fasting could not induce any harmful
effect in young healthy subjects (23) and may
have beneficial effect on waist circumference
and lipid profile (24). While in patients with type
2 diabetes studies have shown that Ramadan
fasting did not alter biochemical parameters
and however, it may induce hypoglycemia. In
this study we tried to explore the effect of
Ramadan fasting on insulin secretory
efficiency in 44 type 2 diabetic patients on oral
anti-diabetic agents through measurement of
insulin, proinsulin and PI/I ratio in diabetic
patients before and after the month of fasting.
The baseline clinical data of the patients were
recorded including duration of DM,
complications and associated hypertension.
Patients were divided into 3 groups according
to the number of fasting days.
Ramadan can be an opportunity for obese
diabetic patients to reduce their weight through
individualized prepared dietary plan. Despite
several reports have shown that body weight
does not change during the fasting period (25,26)
and others showed even reduction in body
weight, our diabetic patients showed significant
increase in body weight after Ramadan fasting.
This may be explained by the changing dietary
pattern during Ramadan. People, who fast from
dawn to sunset, may take large quantities of
sugary fluids (juice and carbonated drinks).
Also fried foods, carbohydrate rich meals and
sweet food specially prepared for Ramadan
during nonfasting hours. (3) These foods Pattern
during Ramadan may increase the risk of
hyperglycaemia and weight gain for Muslim
diabetic patients (27). Furthermore, most
diabetics reduce their daily activities for fear of
hypoglycemia (28).
In this study, there was non-significant
change in mean fasting blood glucose which
indicates that Ramadan fasting not significantly
alter glycemic control and this in agreement
© 2014 British Journals ISSN 2047-3745

with different studies that found that Ramadan
fasting has been reported not to alter glycemic
control. (26)
This is contradictory to Fakhrzadeh et al,
(2003) (29) who suggested that fasting plasma
glucose decreased significantly in both men
and women after Ramadan fasting and to
Khaled et al ,2006 (30) who found significant
decrease in fasting blood glucose and
glycosylated hemoglobin (HbA1c) in obese
women with type 2 diabetes mellitus after
Ramadan fasting.
The present study results showed high
levels in the mean fasting insulin before
Ramadan fasting and this may be explained by
insulin resistance found in type 2 diabetic
patients and this correlates with Bergman et
al, 1997 (31) who provided that the most
practical way of assessing insulin resistance is
the measurement of plasma insulin levels after
overnight fasting condition. It also showed
non-significant increase in mean insulin level
after Ramadan fasting while M'guil et al, 2008
(32)
who studied the effect of fasting on clinical
and biochemical parameters, blood pressure,
and glycemic control in type 2 diabetic patients
and found significant increase in mean insulin
level.
Abnormally high levels of proinsulin
before fasting were found in this study and this
correlates with Tura et al, 2003 (33) who found
that type 2 DM is characterized by higher
circulating concentrations of intact and split
proinsulin, in absolute amounts and as
proportions of total insulin secretory products.
Although the cause of disproportional
hyperproinsulinaemia in diabetes is unknown,
it may arise from inefficient proinsulin
processing within the beta cell secretory
granules or the premature release of proinsulin
as a result of increased demand for insulin in
insulin-resistant states. (19). While Pfützner, et
al. (2010) (34) suggested that elevated intact
proinsulin seems to indicate an advanced stage
of β cell exhaustion and is a highly specific
marker for insulin resistance. These findings
indicate that elevated proinsulin and
proinsulin/insulin ratios are secondary to
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increased demands on β cell secretion induced
by hyperglycemia and insulin resistance. In our
study, there was non-significant decrease in the
proinsulin level after Ramadan fasting, so it
was measured as a proportion to insulin (PI/I
ratio) to asses changes in β cell function after
Ramadan fasting. Elevations in the ratio of
proinsulin to insulin as well as absolute
proinsulin concentrations adjusted for fasting
insulin have been proposed as early markers of
beta cell dysfunction.(31)
In this study, PI/I ratio had positive
correlation with fasting glucose and this
indicates that better glycemic control leads to
decreased β cell stress and production of
proinsulin and this correlates with Yanbing et
al, 2004 (35) who found that long term glycemic
control in newly diagnosed type 2 diabetic
patients is associated with improvement of β
cell function. In this study, Proinsulin-toinsulin ratio showed decreased levels after
Ramadan fasting especially in the group who
fasted the whole month,which may act as
indicator for β cell stress as it was found to be a
marker of the degree of reduced maximum
beta-cell secretory capacity.
It was found in this study that proinsulinto- insulin ratio positively correlates with
HOMA IR and negatively with HOMA B%
and this correlates with Thomas et al, 2004 (36)
who supposed that HOMA IR is accepted with
some limitations as a standard method for the
determination of insulin resistance in
epidemiological
studies.
However,
the
determination of insulin resistance by HOMA
IR is limited to the early stage of type 2
diabetes because β cell secretion in later stages
is also comprised of intact proinsulin and split
products and this makes PI/I ratio measurement
superior to it. Also HOMA B seems to give
misleading results when used as a diagnostic
tool for β cell function in diabetic patients
treated with sulfonylurea drugs. (34)
This study also explored the factors that
may affect β cell function and found that there
is a positive correlation between fasting blood
glucose and proinsulin-to- insulin ratio which
© 2014 British Journals ISSN 2047-3745

refers to the beneficial effect of DM control on
β cell secretory function and this was in
agreement with Grill et al, 2002 (18) who found
a strong association between blood glucose and
proinsulin-to-insulin ratio in Swedish nondiabetic men.
It also showed positive correlation
between body weight and PI/I ratio which
indicates that weight gain leads to increased β
cell stress. According to this study there is nonsignificant correlation between the age of type
2 diabetic patient or the duration of diabetes
and proinsulin-to-insulin ratio, this is
contradictory to Bryhni et al, 2010 (37) who
found that proinsulin and PI/I ratio declined
significantly with advanced age but in nondiabetic patients.
Limitations of the study: In addition to the
small sample size, our study lacks of periods
where the patients could be followed up before
and after fasting. Timing of sampling, number
of fasting hours and climate made our data
incomparable with other researchers’ findings
as Ramadan is a lunar month and its time
changes each year.
In conclusion: Fasting of the whole month of
Ramadan has a beneficial effect on β cell
function and β cell secretory efficiency
evidenced by reduction in proinsulin-to-insulin
ratio while insulin resistance and glycemic
control not significantly affected. However;
further studies are recommended to evaluate
the effect of Ramadan fasting on diabetes
complications and co morbidities as
cardiovascular, renal or liver diseases.
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