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Interactions between leptin, neuropeptide-Y and insulin with chronic

diurnal fasting during Ramadan

Salah Kassab, MD, PhD*; Tarik Abdul-Ghaffar, PhD*; Das S. Nagalla, MDt; Usha Sachdeva, MD, PhD*;

Usha Nayar, MD, PhD*

Background: Fasting during the month of Ramadan for Muslims is a unique meta-
bolic model that includes abstinence from food and fluid intake during the period
from dawn to sunset as well as a reduction in meal frequency and alterations in
the sleep-wakefulness cycle. Leptin, neuropeptide-Y and insulin are thought to play
an important role in long-term regulation of caloric intake and energy expenditure.
However, the long-term changes and interactions between these factors during this
pattern of fasting are not known.

Subjects and Methods: The study was conducted on 46 healthy female volunteers
(age, 22+2 years; BMI, 25.3+0.7 kg/m2). Anthropometrical measurements, estimation
of body fat and fasting serum levels of neuropeptide Y, leptin, insulin and glucose were
estimated at baseline (day 1), days 14 and 28 of the month of Ramadan and 2 weeks
after Ramadan.

Results: Baseline serum levels of leptin correlated positively with body fat (r=0.87,
P=0.0002). Serum leptin levels exhibited a significant increase by approximately
41% and neuropeptide-Y levels were decreased by 30.4% throughout the month of
Ramadan. In addition, a significant correlation (r=0.63, P=0.0001) was found between
changes in serum leptin and serum insulin. However, changes in serum neuropeptide-
Y levels did not correlate with those of leptin or insulin

Conclusions: Long-term fasting with interrupted nocturnal eating is associated with
significant elevations in serum leptin and insulin and reduction in serum neuropep-
tide-Y. The changes in serum leptin are likely mediated through insulin. However,
changes in neuropeptide-Y appears to be mediated independently of leptin or insulin
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oth leptin and insulin have been identified as

putative candidate adiposity signals that appear

to play a key role in long-term regulation of

body weight and energy homeostasis. Leptin
conveys information to the brain about the size of energy
stores and stimulates the hypothalamic centers responsible
for regulation of energy intake and expenditure.'” The
central effects of leptin are likely mediated by neuronal
networks expressing a complex array of hypothalamic
neurotransmitters, including neuropeptide-Y, agouti-re-
lated peptide (AGRP), pro-opiomelanocortin (POMC)
and cocaine- and amphetamine-regulated transcript
(CART).'* However, the relationship between leptin and
all these factors is complex and poorly understood. Many
studies have focused on neuropeptide Y synthesis and
release as a possible target and mediator of the actions
of leptin.> However, current evidence that neuropeptide
Y mediates the effects of leptin under all conditions re-
mains controversial.
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Fasting triggers complex neural, metabolic, hormonal
and behavioral adaptations with the goal of maintaining
the energy substrates for use by the brain, protecting
lean mass and promoting survival.’> During the month
of Ramadan, Muslims abstain from food and fluid intake
from dawn to sunset and eat during the whole night.
These changes in the timing of food intake are also associ-
ated with a reduction in meal frequency and sleep dura-
tion.* Food composition has also been reported to shift
toward consuming more fat and less carbohydrates dur-
ing Ramadan despite no change in total energy intake.’
Previous studies indicated that short-term total fasting or
a chronic reduction in caloric intake®” results in reduction
of leptin to 30% to 66% of basal levels. On the other
hand, chronic overfeeding is associated with significantly
elevarted levels of leptin than would be expected with the
increase in body mass index or percentage of body fat.”®
The relationship between the changes in serum leptin,
neuropeptide-Y and insulin associated with the unique
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type of metabolic changes during Ramadan fasting and a
possible link to these metabolic changes, however, is un-
clear.

This study aimed to follow changes in serum levels
of leptin, neuropeptide-Y and insulin during inversion in
dietary and sleep habits associated with long-term diurnal
fasting in Ramadan. We also aimed to test the correlation
between changes in serum leptin, neuropeptide-Y and insu-
lin with each other and with other factors such as anthropo-
metrical variables, food intake and serum levels of glucose.
All variables were measured during baseline (day 1), and
days 14 and 28 of the month of Ramadan and two weeks
after Ramadan fasting.

Subjects and Methods

Healthy female volunteers aged 18-45 years (mean, 222
years) were sought for participation in the study. All partici-
pants were citizens of the GCC countries, mostly students
and few employees of Arabian Gulf University. All subjects
signed a written consent form before being involved and
the experimental procedures included in the study were
explained in the form. Subjects were specifically excluded if
fasting blood glucose was > 6.3 mmol/L or blood pressure
was >140/90 mmHg, or if they were smokers. All Muslim
subjects included in the study abstained from food and drink
during the day from dawn to sunset and ate only during the
night. The Research and Ethics Committee at the College
of Medicine and Medical Sciences (CMMS), Arabian Gulf
University, approved the experimental protocol.

Subjects were weighed bare-footed, wearing light
clothes and standing on a standard pre-calibrated balance.
Measurements were approximated to the nearest 1 kg and
height was simultaneously measured by using a graded
bar included with the scale. Waist circumference was
measured with a standard tape at a level midway between
the xiphisternum and the symphysis pubis. Hip circumfer-
ence was measured at the widest point in the hip region.
The measurements of the height and waist and hip were
approximated to the nearest 0.1 cm. Body fat was assessed
by “Bioelectrical Impedance Analysis” (OMRON BF 302,
Matsusaka co, Japan). This method analyzes the electrical
resistance of the body tissues by sending an extremely weak
electrical current through the body. Since fat has little or
no electric conductivity, it is possible to determine the fat
tissue compared to other tissues. Percent fat was calculated
from the body weight (kg) and amount of fat (kg).

During each of the experimental days, subjects were giv-
en a form where they reported the type and exact quantities
of all the food they had eaten during the night. Nutrient
intakes were estimated utilizing a computer program (Diet
Expert for Windows, version 2.1) and from food composi-
tion tables published by the Nutrition Unit at the Ministry
of Health in Bahrain.’
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In addition to the anthropometrical and blood pressure
measurements, fasting venous samples were taken at 1:00-
2:00 PM for measurement of serum levels of leptin, neuro-
peptide Y, insulin, glucose and lipids. Serum leptin levels
were measured by radioimmunoassay (Linco, St. Charles,
MO) as previously described.'® The leptin assay detects
leptin sensitivity of 0.05 pg/L. The intra- and inter-assay co-
efficients were 7.5% and 8.9%, respectively. Neuropeptide
Y was assayed by competitive radioimmunoassay by direct
assay without extraction using reagents (Euro-Diagnostica
AB, Sweden). The method has sensitivity to detect the low-
est concentration of 6 pmol/L and recovery of 84%. The
method has shown intra-assay variation coefficient of varia-
tion (CV) of 4% and interassay variation CV of 12%. The
human insulin specific radioimmunoassay detects insulin
with a sensitivity of 2pU/mL. The intra- and inter-assay
coefficients were less than 4.4% and 6.0%, respectively.
Blood glucose was measured by the hexokinase method
(Roche Diagnostics, Mannheim, Germany) in plasma from
a fluoride oxalate tube. Serum cholesterol was measured
by the cholesterol oxidase method (Roche Diagnostics,
Mannheim, Germany) and serum triacylglycerol was mea-
sured by the enzymatic method using glycerol kinase and
peroxidase (Roche Diagnostics, Mannheim, Germany). All
the samples of collected sera were kept at -20°C until analy-
sis and all the hormonal assays were run in the same assay
in duplicate.

Data are expressed as mean + SEM. Data were analyzed
using SSPS program (version 11) by analysis of variance
(ANOVA) for repeated measures. A P value <0.05 was
considered statistically significant. Pearson’s correlation co-
efficient was used to determine possible linear correlations
between the different variables.

Results

Despite the tendency for body weight, BMI, body fat and
waist circumference to decrease at the end of Ramadan,
changes in anthropometrical variables in women (n=46) did
not reach statistical significance (Table 1). Neither were sig-
nificant changes observed across the study period. However,
energy intake was significantly increased (P<0.05) compared
with baseline levels in women.

Serum leptin levels were significantly increased (P<0.05)
during the month of Ramadan (Table 2). This increase in
serum leptin was associated with comparable and significant
(P<0.05) increases in serum insulin and decreases in serum
neuropeptide Y (P<0.05). Although serum triglycerides were
increased during the month of Ramadan, these changes were
not significant (P=0.06). No changes in serum glucose were
observed during the study.

Significant correlations were found between serum leptin
and body fat (r=0.82, P<0.001) and also between leptin and
serum insulin (r=0.63, P<0.001) (Figure 1, panel A and B).
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Table 1. Anthropometrical variables and energy intake during the study (mean + SEM).

Time in relation to Ramadan

Early Mid End Post
Weight (kg) 80.8x1.4 799+ 2.1 80.1+2.0 80.5+ 1.8
Body mass index (kg/m2) 253 0.7 253+0.8 24.2+0.9 254 1.0
Fat (kg) 23.9+1.8 240+1.8 224 1.7 23.7+1.9
Fat (%) 328+1.3 323+13 325+1.4 329+1.7
Waist circumference (cm) 77.7 £ 1.6 77.8+75.8 758+ 1.5 77.2+1.9
Waist/hip ratio 0.76 + 0.01 0.76 + 0.01 0.75 + 0.01 0.78 + 0.01
Energy intake (Kcal/day) 1660 + 311 1751 + 344* 1671 + 278 -
*P<0.05 compared with early Ramadan
Table 2. Serum levels of biochemical variables during the study (mean = SEM).
Time in relation to Ramadan
Early Mid End Post
Glucose (mmol/L) 5.41+0.14 5.14 +0.17 5.27 +0.20 5.83 +0.16
Triglycerides (mmol/L) 0.79 = 0.06 0.77 £ 0.05 0.84 + 0.06 0.84 +0.10
Cholesterol (mmol/L) 441 +0.10 444 +0.10 4,58 +0.10 4.36 +0.25
Insulin (uU/mL) 7.37 £ 1.57 8.34 + 1.32 8.83+1.20 9.73+1.77
Leptin (ug/mL) 10.57 + 0.82 13.59 = 1.01 14.83 + 1.01 13.54 + 1.11
Neuropeptide Y (pmol/L) 77.53 +£6.79 53.93 +5.43 66.41 +7.26 -

*P<0.05 compared with early Ramadan

Discussion

Follow-up of serum levels of leptin, neuropeptide-Y and in-
sulin during the unique type of fasting in Ramadan indicate
that as Muslims progress during the month, there is a rela-
tive hyperinsulinemia and hyperleptinemia associated with
reduction in neuropeptide-Y. The changes in serum leptin
and insulin correlated positively with each other during the
study. However, changes in neuropeptide-Y levels did not
correlate with either leptin or insulin.

It is unlikely that this increase in serum leptin and in-
sulin is mediated by changes in body adiposity since body
fat and other indices of obesity did not change significantly
during the study. Potential non-adiposity factors that could
be responsible for elevated serum leptin and insulin could
be those related to diet such as the amount of energy intake
or food composition. Leptin secretion decreases in response
to fasting”!! and increases in response to positive energy
balance induced by overfeeding.® Food composition also
alters the secretion of leptin, although the data on this is-
sue has been controversial.'>' Since energy intake was in-
creased during Ramadan, it is possible that elevated levels
of leptin and insulin may reflect a state of positive energy
balance due to a compensatory increase in food intake dur-
ing the night. These observations agree with previous stud-
ies indicating that energy intake is increased,” but con-
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tradict those that indicate that energy intake is reduced'®
during Ramadan. However, our study confirms that with
prolonged diurnal fasting, leptin and insulin become more
sensitive to other signals such as caloric intake.

Plasma leptin is secreted in a pulsatile fashion with
peak nocturnal levels and a nadir at noon.” Although
the underlying mechanisms responsible for the circadian
leptin rhythm are unclear, there is evidence that the di-
urnal rhythm of leptin secretion is entrained to the meal
pattern and that shifting meal timing causes a comparable
shift in plasma leptin rhythm.'® Since Ramadan fasting
is associated with forward shifting of lunchtime by ap-
proximately 6 hours, another possible cause of increased
levels of leptin in our study could be attributed to a shift
in the circadian pattern of leptin with progressive proxim-
ity towards the peak nocturnal levels. Additional studies
that take frequent samples over 24 hours will be required
to examine the circadian variations in serum leptin during
Ramadan fasting.

Evidence supporting an interaction between leptin and
neuropeptide Y has come from studies demonstrating that
the expression of neuropeptide Y mRNA in the arcuate
nucleus is increased in situations where functional leptin
levels are low, such as in ob/ob mice and after fasting.'**°
Furthermore, in fasted animals, intra-cerebroventricular
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Figure 1. Correlations between serum leptin (ug/L) and both body fat (kg) [A] and serum insulin (uU/mL) [B].
The data indicate the correlations during day 14 (mid-Ramadan) of fasting. Significant correlations were also

observed during other periods of the study.
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injection of leptin reduces the concentration of neuropep-
tide Y protein in the paraventricular nucleus as well as in
the dorsomedial hypothalamus and the arcuate nucleus.?!
Ramadan fasting involves not only abstinence from food
and water, but also an associated unique spiritual pattern
that makes it difficult to compare with other types of
fasting. However, this study confirms previous findings
that increased serum leptin during Ramadan is associated
with reduced levels of neuropeptide Y. But the lack of
correlation between the changes in leptin and that of neu-
ropeptide Y indicate that the latter is unlikely to play an
important role in long-term regulation of leptin secretion,
especially during prolonged diurnal fasting.

A recent study has also indicated that fasting insulin
and leptin levels were closely correlated in weight-reduced
obese women, suggesting that insulin could contribute to
the long-term regulation of plasma leptin.?? These obser-
vations are supported by others, which found that insulin
and glucose might regulate leptin secretion, especially in
response to alterations in energy status.” Energy restric-
tion studies have indicated that serum insulin and leptin
levels are decreased with fasting, and the decrease in leptin
levels correlates closely with the reduction in plasma glu-
cose.”® Furthermore, leptin levels remain unchanged when
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