¥

Arab. J. Lab. Med. (1996), Vol. 22 No. 2: 453 - 465

THE FAST OF RAMADAN, ITS EFFECTS
ON ENDOCRINE CONTROL OF

. GLUCOSE HEOMEOSTASIS

SHAARAWY M., SHOBOKSHI A., and EL-NOURI A.

Department of Obstetrics & Gynecology, Faculty of Medicine, Cairo University,
Depariment of Obstetrics and Gynecology, Faculty of Medicine and Allied Sciences,
King Abdul-Aziz University, Jeddah, Saudi Arabia

453

Although pregnant women are excused fasting during Ramadan,
many pregnant women choose to fast with their families during
Ramadan rather than make up the time later. The fast of Ramadan
during pregnancy was reported to induce impaired glucose heome-
ostasis. Accordingly this study was initiated to evaluate the effects
of fast of Ramadan on the endocrine control of glucose heomeosta-

tis in pregnant women.

Blood samples were obtained from 25 normal pregnant women
after 12 hr overnight fast, in addition to postprandial blood sam-
ples taken 2 hr after breakfast (controls). Meanwhile blood sam-
ples were obtained from 30 normal pregnant women who were fast-
ing Ramadan at the end of the fasting day immediately before the
intake of food at sunset (Iftar) and 2 hrs after Iftar. Both groups
comprised women at their first, second and third trimesters of preg-
nancy. Blood samples were assayed for glucose by glucose oxidase
method and insulin, glucagon, cortisol, growth hormone (HGH),
somatostatin and human placental lactogen (hPL) by the corre-

sponding radioimmunoassay.

Endocrine consequence of fasting Ramadan during pregnancy
revealed significant fall in the concentration of both blood glucose
and insulin with a concomitant rise of hPL throughout the first tri-
mester, without any significant changes of other hormones and all
parameters in the second and third trimesters. Moreover there were
no significant changes of postprandial levels of glucose, insulin,
glucagon, cortisol, HGH, hPL, somatostatin in Ramadan fastiné

women throughout pregnancy.



454

Hormonal changes associated with the decline of maternal
blood glucose engendered by fasting Ramadan in the first trimester
may preserve fetal metabolic heomeostasis. However, the possi-
ble effect of maternal fasting on fetal carbohydrate requirements
needed for normal fetal growth could not be overlooked. Postab-
sorptive measures proved similar glucose output in both Ramadan
fasting women and fasting pregnant women (controls) indicating
that substrate and hormonal changes in the fasting state were tran-

sient and were reestablished 2 hr after Iftar meal.

Health adult Muslims are required to
abstain from food and drink from dawn
to sunset daily during the month of
Ramadan. Dispensation from fasting is
allowed during sickness, menstruation,
pregnancy, breast feeding and travel. In
people who are well normal heomeostatic
mechanisms seem to cope: urinary vol-
ume, electrolytes, pH and nitrogen excre-
tion remain within physiological limits
(Cheath et al., 1990). Some studies have
reported substantial weight loss and in-
crease uric acid consistent with catabolism
of body mass (El Hazmi et al., 1987), but
these findings have not been confirmed
(Sliman and Katib, 1988). Some of the
variations may be attributable to local tradi-
tions and food quality. A trial of high car-

bohydrate intake (consumed after sunset)

during the first fortnight of Ramadan was
associated with a fall in blood urea concen-
tration, a change to a high fat diet over the
nex? fortnight was associated with a fall in
glucose concentration, which the authors
believed was due to impaired glucose he-
omeostasis (Mohammad et al., 1989).

Those who consume high energy foods af-
ter sunset, unsurprisingly, gain weight
(Begma and Khan, 1990).

The metabolic consequences of fasting
during pregnancy revealed significant fall
in concentrations of glucose, insulin, lac-
tate and creatinine and a rise in concentra-
tions of triglycerides and hydroxybutyrate
at the end of the fasting day (Malhotra et
al., 1989). This pattern of accelerated
starvation was also reported by Prentice et
al., (1983) only among women who fasted
in late pregnancy. A study of birth
weights of more than 1300 babies showed
no effect of maternal fasting at any stage of
pregnancy (Cross et al., 1990). In fact
little is known with any certainty about
the clinical problems during the fast of
Ramadan during 'pregnahcy. Although
pregnant women are excused fasting dur-
ing Ramadan, many pregnant women

" chose to fast with their families during

Ramadan rather than make up the time lat-
er. There was no significant difference in
cither the patient's age or the duration of
pregnancy between those who were and



were not fasting (Reeves 1992). The issue
of whether a women is eating enough may
arise only if she fails to gain weight
(Reeves, 1992). As many pregnant wom-
en choose fasting during Ramadan, the
topic deserves more thorough scientific at-
tention. This study was undertaken to in-
vestigate the effects of the fast of Ramadan
on the circulatory levels of insulin, gluca-
gon, cortisol, human growth hormone
(HGH), somatostatin and human placental
lactogen (hPL) which represent the main
endocrine control of glucose heomeosta-
sis, at the end of the fasting day in preg-
nant women in their first, second and third
trimester of pregnancy.

Patients and methods:

Fifty five pregnant women participated
in this study. They comprised 25 normal
pregnant women, of them 4,9 and 12 were
in their first, second and third trimester of
pregnancy respectively (controls). In ad-
dition, another group of 30 women of
matched age and parity and of the same so-
cioeconomic class represent those who
were fasting Ramadan, being 4, 10 and 16
in their first, second and third trimester of
pregnancy respectively. Both groups were
healthy, free from any systemic disease
and not receiving any drugs which may in-
validate hormonal assay. Clinical obstetric
examination, history taking and ultrasono-
graphic findings, proved normal gestation.

Blood samples were obtained from con-
trol pregnant women after 12 hours over-
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night fast in addition to postprandial blood
samples taken 2 hours after breakfast.
Blood samples from pregnant women who
were fasting Ramadan were taken at the
end of the fasting day immediately before
the intake of food at sunset (Iftar meal).
Postprandial samples were also taken 2
hours after Iftar meal. Blood samples
were assayed for glucose, insulin, gluca-
gon, HGH, cortisol, hPL and somatosta-
tin. Blond glucose was determined by
glucose oxidase method (Boehringer,
Mannheim, Germany). Serum insulin was
measured by second antibody radioimmu-
noassay using I'25 as a tracer. Reagent kit
was purchased from Sorin Biomedica, Ita-
ly. The intra and interassay coefficient of
variation (CV) were 5.5 and 6.2% respec-
tively). Blood for glucagon assay was
collected by venipuncture into iced EDTA
tubes, where 5000 kallikrein inactivating
units per 10 ml of whole blood was added.
Plasma was separated in a refrigerated
centrifuge. Plasma glucagon was assayed
by double antibody 1125 radioimmunoas-
say. The intra and interassay CV were
4.4% and 5.7% respectively. Reagent
was parachased from DPC, CA, USA.
Serum cortisol was determined by a solid
phase 1125 radioimmunoassay using rea-
gent kit which was purchased from Sorin
Biomedica, Italy. The intra and interassay
CV were 2.9% and 5.5% respectively.
Serum HGH was determined by a solid
phase 1125 radioimmunoassay using rea-
gent kit of Sorin, Biomedica, Italy. The in-
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Table (1): Fasting maternal blood glucose, insulin, glucagon, cortisol, growth hormone, somatostatin
and hPL in Ramadan fasting pregnant women (RFW) and controls.

First trimester Second trimester Third trimester
Controls RFW Controls RFW Controls RFW
No of cases 4 4 9 10 12 16
Blood glucose (mg/dl)
mean + SE 75 £3.55 64+ 3.25| 65+£2.03 72.5+5.56 674 70+ 2.575
t/df, P value 2.2855/6, <0.025 1.1826/17,>0.05 0.9201/26, > 0.05
Serum Insulin (uU/ml)
mean + SE 6.5+ 0.07 3.55+04] 5.1+033 6+0.89 7.2+ 0.46 7.1+0.665
t/df, P value 7.3891/6, < 0.0005 0.9482/17, >0.05 0.1237/26, > 0.05
Plasma Glucagon (pg/ml)
mean x SE 113.5x17.15  73.5£17] 124+523 111.4+6.21 | 125.4+424  117.5+3.475
t/df, P value 1.6564/6, >0.05 1.5519/17, >0.05 1.4410/26, > 0.05
Serum cortisol (ng/ml)
mean + SE 118+12 109+18 | 148+1457 115x14.4 151+7.97 162+7.17
t/df, P value 0.4160/6, > 0.05 1.6109/17, >0.05 1.0261/26, > 0.05
Serum HGH(ng/ml)
mean + SE 394 £ 1.46 1.78 £ 0.43] 1.64:0.22 1.4+0.186 | 1.67+0.13 2.10+0.24
t/df, P value 1.4192/6, >0.05 0.833/17, >0.05 1.5756/26, >0.05
Plasma Somatgstatin (pg/ml)
mean + SE 67.5£6.5 5219 | 63+3.53 60.9+4.17 64+2.54 57.8+6.7
t/df, P value 1.3961, >0.05 0.3843/17, >0.05 0.8653/26, > 0.05
Serum hPI(ug/L)
mean + SE 1.2 +0.18 1.6+ 0.12| 3.2+0.42 3.3+0.25 8.42+0.85 7.36x0.76
t/df, P value 0.8493/6, >0.05 0.2046/17, > 0.05 0.9297/26, >0.05




456

tra and interassay CV were 1.9% and
2.3% respectively. Plasma for somatosta-
tin assay was collected as for glucagon as-
say and somatostatin concentration was
determined by double antibody radioim-
munoassay. Reagent kit was purchased
from Incstar corporation, Minnesota,
USA. The intra and interassay CV were
4% and 6.5% respectively. Serum hPL
was determined by radioimmunoassay us-
ing reagent kits purchased from DPC, CA,
USA and the intra and interassay CV were
3.5% and 4.2% respectively.

Results obtained were statistically ana-
lyzed using student t test.

Results:

During the first trimester of pregnancy
fasting blood glucose level was signifi-
cantly lower in Ramadan fasting women
than that of control pregnant women. The
mean percent decrease amounted to 15%
- of the mean control value. There were no
significant changes of circulating levels of
glucose throughout the second and third
trimester of pregnancy between both
groups. Throughout the first trimester of
pregnancy of Ramadan fasting women,
there was a significant decrease of blood
insulin concentration, when compared to
the corresponding concentration of con-
trols. The mean percent decrease of serum
insulin was 45%. this was associated with
a concomitant increase in the serum human
placental lactogen (Table 1) with a mean

percent rise ot 33%. Throughout the sec-
ond and third trimesters of pregnancy,
there was no significant changes of blood
levels of insulin, glucagon, cortisol,
HGH, somatostatin and hPL in Ramadan
fasing women and controls (Table 1). All
postprandial blood levels of glucose, insu-
lin, glucagon, cortisol, HGH, hPL and
somatostatin in Ramadan fasting women
did not differ significantly from the cor-
responding levels of controls (Table 2) .

Discussiod:

The normal progress of pregnancy is
directed by the endocrine milieu, which
has been well described. Very large incre-
ments in placenta-derived steroid and pro-
tein hormones occur throughout pregnancy
(Speroff et al., 1984). Alternations in
these hormonal patterns would presumably
be undesirable. The metabolic demands of
pregnancy are also considerable because
the energy for fetal development is derived
primarily from glucose, and the increasing
insulin resistance during pregnancy
(Leturque et al., 1984 and Leturque et al.,
1986), increases maternal fat utilization
and impedes maternal glucose utilization
(Fioretti et al., 1970) to provide glucose
for the fetus. In the present study blood
glucose level in Ramadan fasting women
was significantly decreased during the first
trimester of pregnancy when compared to
the corresponding level of controls. The
average percent decrease was 15%. The
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Table (2): Postprandial blood glucose, insulin, glucagon, cortisol, growth hormone, somatostatin and
hPL in Ramadan fasting pregnant women (RFW) and controls.

First trimester

Second trimester

Third trimester

Controls RFW Controls RFW Controls RFW
No of cases 4 4 9 10 12 16
Blood glucose (mg/dl)
mean + SE 97+3.55 87+5.35 | 91.5+2.87 103+6.32 | 92.5+59 94+4.5
t/df, P value 1.5575/6, > 0.05 1.6568/17, >0.05 0.2021/26,>0.05

84x2.67 79+1.55
1.6195/6, >0.05

37.55.9 48.8+5.57
1.4173/17, > 0.05

58.4+5.7  65.29.75
0.6021/26, >0.05

+ 113.5£13.4  87+8.5
1.6699/6, >0.05

99.5£3  9316.51
0.9068/17, >0.05

123£7.97 1155 = 6375
0.7445/26, >0.05

112+17.25  105£12.5
0.3286/6, > 0.05

127+14.27 100£9.04
1.5983/17, > 0.05

162.5+9.12 144+7.05
1.6049/26, >0.05

Serum HGH(ng/ml)
mean + SE
t/df, P value

1.175+0.02 1.05x0.22
0.5658/6, >0.05

1.134£0.107  0.9920.085
1.0175/17, >0.05

1.5+0.12  1.8+0.17
1.4416/26, >0.05

Plasma Somatostatin (pg/ml)
mean + SE
t/df, P value

81.0+6 65+8.9
1.4906/6, >0.05

65+4.15  56.1£3.7
1.6007/17, >0.05

50£2.89 62+3.8
1.6757/26, >0.05

Serum hPL(ug/L)

mean = SE

Serum Insulin (uU/ml)
mean + SE
t/df, P value
Plasma Glucagon (pg/ml)
mean = SE
t/df, P value
Serum cortisol (ng/ml)
mean + SE
t/df, P value
t/df, P value

1.35+0.32 1.1+0.18
0.6810/6, >0.05

3.8+0.5 3.6x0.62
0.2511/17, >0.05

8.83+0.78 7.64x0.52
1.2844/26, >0.05

4



decrease of blood glucose in Ramadan
fasting pregnant women was associated
with a significant decrease of serum insu-
lin and a significant increase of human pla-
cental lactogen. Schreiner et al., (1981),
reported that significant maternal and fetal
hypoglycemia and hypoinsulinemia devel-
oped with 24 hr of fasting of the pregnant
ewe and these changes were associated
with a 50% decrease of fetal glucose sup-
ply via the umbilical circulation. Since
glucose is considered the major metabolic
fuel utilized by the developing fetus
(Battaglia and Mechia, 1978), the decrease
of insulin and the increase of hPL secre-
tion seem to be a regulatory mechanism for
metabolic adjustments that aim at increas-
ing the supply of glucose to the fetus and
to maintain maternal blood glucose levels
far from a sharp decline during the fasting
condition. Koski and Fergusson (1991)
reported that all amniotic fluid constituents
were significant affected by the level of
carbohydrate in the maternal diet. As the
amount of either glucose or fructose in-
creased in the maternal diet, there was a
significant rise in amniotic fluid glucose
concentration. Lowered amniotic fluid
glucose has been associated with intraute-
rine growth retardation and has been pro-
duced during prolonged fasting and starva-
tion (Drazancic and Kuvacic, 1974 and
Kim and Felig," 1972). Johnson and
Greenberg (1992), reported that placental
lactogen regulates the uptake and utiliza-
tion of carbohydrates, lipids and proteins
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in maternal and fetal tissues, suggesting
that the hormone plays a role in the control
of nutrient metabolism during pregnancy
(Fremark and Handwerger, 1989). Nutri-
tional factors, in turn appear to regulate the
production and secretion of hPL and to
modulate the cellular response to hPL in
the mother and fetus. Fasting of pregnant
ewes for 72 hr in late gestation stimulate a
50% increase in the concentration of ovine
placental lactogen in fetal plasma
(Brinsmead et al,, 1981, and Fremark
et al., 1989) and causes a 50-70%
reduction in the specific binding of ovine
placental lactogen to maternal and fetal liv-
er membranes (Fremark et al., 1989 and
Fremark et al., 1990). These effects of
fasting are reversed entirely by refeeding
the ewes a standard diet of oats and hay.
During fasting, maternal plasma insulin
and IGF-1 concentrations fall consequent
to maternal hypoglycemia, protein restric-
tion (Maes et al., 1991). The reduction in
maternal insulin and IGF-1 concentrations
limits maternal uptake and utilization of
glucose and amino acids, facilitating their
transport to the fetus. Fetal plasma glu-
cose concentrations decline in proportion
to maternal glucose levels (Hay, 1979 and
Leturque et al., 1987), producing fetal hy-
poinsulinemia, hyposomatomedinemia
(Fremark et al., 1989 and Davenport et al.,
1990). The reduction in fetal insulin and
IGF-1 levels and the decline in fetal pla-
cental lactogen binding likely reduce the
uptake of glucose and amino acids in fetal



lowering blood glucose in the first tri-
mester of pregnancy. The present investi-
gation showed that there were no signifi-
cant changes of circulatory levels of
glucagon, cortisol, HGH and somatostatin
in Ramadan fasting women, when com-
pared the corresponding levels of controls.
These results indicate that hormonal
changes controlling glucose homeostasis
were confined to maternal serum insulin
and human placental lactogen.

In the present investigation the post-
prandial levels of blood glucose, insulin,
glucagon, cortisol, HGH, hPL and soma-
tostatin in Ramadan fasting women
throughout the first, second or third tri-
mester of pregnancy were not significantly
different from the corresponding postpran-
dial levels of controls. These results indi-
cate that the substrate and hormonal chang-
es which occurred in the fasting state
were, however, quite transient and in most
instances fasting concentrations of blood
glucose, insulin and hPL were reesta-
blished after 2 hrs from Iftar meal. Thus,
in the postabsorptive state there was a sim-
ilar glucose output in Ramadan fasting
pregnant women and overnight fasting
pregnant women (controls).
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