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Purpose: Impact of ramadan fasting on healthy and women with diabetes is already known. However, there is a scarcity of data on
impact of fasting on pregnant women with diabetes. Moreover, religious and medical recommendations advise pregnant women
against fasting as it is unsafe. Despite being exempted, many pregnant Muslim women with diabetes still choose to fast during
ramadan. This study investigated different glycemic marker as an indicator for diabetes control in fasting pregnant women.
Patients and Methods: This is a prospective observational study. A total of 89 pregnant diabetes women were recruited. Blood
glucose was self-monitored in all the pregnant women using glucose monitoring device at home. We measure the fructosamine, HbA1c
levels before, during and after ramadan.
Results: Pregnant women with type 1 diabetes were 14 (25%), type 2 diabetes were 21 (37.5%), and gestational diabetes were 21
(37.5%). The mean fructosamine level decreased during and after ramadan in gestation diabetes pregnant women compared to type 2
diabetes and type 1 diabetes pregnant women subjects (p = 0.009).
Conclusion: The present study indicates that pregnant women with diabetes were able to fast during ramadan and there fructosamine
level reduced during fasting. Utilization of fructosamine for short-term monitoring of glycemic control in addition to home glucose
monitoring in pregnant women with diabetes will provide a good index of glycemic control.
Recommendation: Religious and medical recommendations advise pregnant women against fasting as it is unsafe, and they are
under high risk. However, if they insist to do fast, they must do under strict medical supervision and fructosamine can be used as
a glycemic control marker.
Keywords: ramadan fasting, gestational diabetes, type 2 diabetes, type 1 diabetes, pregnant women, fructosamine

Introduction
Ramadan is a holy month for 1.5–1.9 billion Muslims and is one of the five pillar of Islam fasting during this times is
mandatory for all adult Muslims.1,2 It is estimated that globally more than 50 million people with diabetes mellitus will
observe fasting during ramadan annually.3 Seasonal and geographical location will influence daily fasting duration range
from 11 to 18 hours per day.4 Pregnant (diabetic or healthy) women who are concerned about their health and about fetus
wellbeing are exempted from fasting. Moreover, religious recommendations and medical recommendations also advise
pregnant women against fasting and it is unsafe.5,6 Despite being exempted, many pregnant women with type 1 diabetes,
type 2 diabetes and gestational diabetes still choose to fast during ramadan.7,8 Nevertheless, many patients wish to honor
their tradition, beliefs and insist on fasting, thereby creating a medical challenges for themselves and their health care
providers.9 Earlier, there were no established guidelines or recommendations, but recently few guidelines have advised
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pregnant women against fasting as they are under high risk.1,10 The major risk factor associated with fasting in patients
with diabetes are hypoglycemia, hyperglycemia, diabetes ketoacidosis, dehydration, and thrombosis.10 Frequencies of
severe hypoglycemic episodes occurring before and during ramadan in both type 1 diabetes and type 2 diabetes was
significantly higher during ramadan compared to other months.11 The effect of ramadan fasting during pregnancy on the
perinatal outcomes has been investigated in the systematic review and meta-analysis.12 More recently, perinatal registry
of the Netherlands (Perined) study, found no effect of maternal exposure to ramadan on perinatal outcomes.13 Although,
few studies explored the effects of ramadan fasting in insulin treated pregnant women.7,14

This study aims to investigate the glycemic control by measuring fructosamine as an index of short-term diabetic
control than that represented by hemoglobin A1c% as an index of long-term diabetic control in diabetic pregnant women
before, during and after ramadan.

Materials and Methods
Design and Subjects
This is a prospective cohort study. It was conducted at King Saud University Medical City, Riyadh, Saudi Arabia from
April- to July 2019. This study was approved by Institution review board ethics committee (Approval No: E-18-3074),
College of medicine, King Saud University, Riyadh, Saudi Arabia. Informed consent was obtained from all the pregnant
women patients before participating in the study.

A total of 89 diabetic pregnant women patients who attended diabetes and pregnancy clinic were interviewed by
Research physician, nutritionist, and diabetes educators before ramadan (Figure 1). They agreed to participate in the
study. All the diabetic pregnant women patient’s follow-up during ramadan and after ramadan. Inclusion criteria were
pregnant women patients with type 1 diabetes, type 2 diabetes, and gestational diabetes. Age was between 22–46 years,
and on medication such as insulin, diet with or without oral hypoglycemic agents. All pregnant women patients were
under well glycemic control before ramadan and insist to fast during the month of ramadan. All the participants received
strict glucose monitoring, and standard diabetes management before ramadan, during ramadan and after ramadan.

All the participants who did not fit the inclusion criteria or having eclampsia/preeclampsia, chromosomal abnorm-
alities, cardiac abnormalities, placental abnormalities, or other risk factors (intrauterine growth restriction) were initially
excluded from the study. A total of twelve diabetic pregnant women patients were excluded as they were unable to fast
during ramadan. Moreover, two diabetic pregnant women patients were also excluded as the type of diabetes was
unknown. The manuscript was written based on the “Strengthening the reporting of observational studies in epidemiol-
ogy (STROBE)” established guideline.15

Figure 1 Patient selection.
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Data Collection
A total of 56 pregnant women with diabetes (Type 1 diabetes (n= 14); Type 2 diabetes (n=21) and Gestational diabetes
(n=21) were instructed by research physician to check, monitor, and keep records of their blood glucose reading using
glucose meters with a minimum of three-six times daily. Blood glucose readings were monitor by patients at pre and/post
2 hour after breakfast, pre and/post 2-hour meals at lunch, and pre and/post 2-hour meals at dinner for one month before
ramadan. During ramadan glucose readings were monitor by patients at pre and/post-2 hour after sohour, noon, and pre
and/post 2-hour after Iftar. Moreover, blood glucose readings were monitored at pre and/post 2-hour after breakfast, pre
and/post 2-hour meals at lunch, pre and/post 2-hour meals at dinner for one month after Ramadan.

All pregnant women with diabetes were counseled by the members of research team during clinic visits, for
discussing their readings and recommending the appropriate adjustments. Severe hyperglycemia was defined as blood
glucose level more than >300 mg/dl (> 16.7 mmol/L). Hyperglycemia was defined as blood glucose level more than
>140 mg/dl (>7.8 mmol/L), hypoglycemia was defined as glucose level below <70 mg/dl (<3.9 mmol/L). The fast should
be stop if glucose reaches <70 mg/dl (3.9 mmol/l) and blood glucose >300 mg/dl (16.7 mmol/l).16 All diabetic pregnant
women patients documented hypoglycemic episodes during the study period after educating them about the signs and
symptoms. Demographic data were collected from all diabetic pregnant women patients, including age, parity, gestational
age, and type of diabetes.

Laboratory Investigation
We obtained 4 mL of fasting venous blood from each pregnant women during clinic visit. Fasting blood samples were
evaluated for HbA1c% and fructosamine. HbA1c and fructosamine level were measured before ramadan, during ramadan
and after ramadan during the clinic visit. The normal HbA1c level is between 4–5.6%. High performance liquid
chromatography (HPLC) by TOSOH was used for the determination of HbA1c% in the blood. Serum fructosamine
was measured by colorimetric method Labcorp (Test No: 100800) to evaluate short-term glycemic control index
(fructosamine; one to three weeks) of pregnant women than of long-term glycemic control index (HbA1c; 3 months
average). The normal fructosamine level was 205–285 μmol/l.

Statistical Analysis
The data obtained from all diabetes pregnant women patients collected and saved in an excel sheet then transferred into
SPSS V.21 program for analysis. Normal distribution of continuous variable was done by Kolmogorov–Smirnov test.
Mean and standard deviations were used to express quantitative variables, whereas numbers and percentages were used
for qualitative variables. T-test and Chi-square were used for comparison between the two groups based on the type of
variables. ANOVA test was used for comparison between the three groups. P-value was considered significant at < 0.05.

Results
Table 1 shows the demographic characteristics of the all the diabetes pregnant women. Total 56 diabetes pregnant women
participated in the study. Pregnant women with type 1 diabetes were 14 (25%), pregnant women with type 2 diabetes
were 21 (37.5%), pregnant women with gestational diabetes were 21 (37.5%). Most of the diabetes pregnant women were
in age group 30–40 years (71.4%), multigravida (80.4%), gestational age 2nd (48.2%) and 3rd trimester (41.1%) and
majority of them were taking short (62.5%) and long acting (51.8%) insulin. Most of the of them were taking insulin
(39.3%) and oral hypoglycemic agents (OHA) with insulin (30.4%). All the diabetes pregnant women were fasted during
the month of ramadan.

Table 2 showing the glycemic parameters between Type 1 diabetes, Type 2 diabetes, and gestational diabetes pregnant
women. Before ramadan, the mean HbA1c% was 6.0±0.8 for gestational diabetes pregnant women compared to type 1
diabetes and type 2 diabetes pregnant women. The mean HbA1c% was improved during and after ramadan in gestational
diabetes pregnant women compared to type 2 diabetes and type 1 diabetes pregnant women Moreover, before ramadan the
mean fructosamine concentration was 208.1±21.5 μmol/L for gestational diabetes pregnant women compared to type 1
diabetes and type 2 diabetes pregnant women. The mean fructosamine concentration improved during and after ramadan in
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gestational diabetes pregnant women compared to type 2 diabetes and type 1 diabetes pregnant women Demonstrating the
short-term glycemic control than blood glucose levels, especially in gestational diabetes pregnant women when compared to
type 1 diabetes and type 2 diabetes pregnant women before ramadan, during ramadan and after ramadan.

Table 3 shows the hypoglycemia frequencies among type 1, type 2, and gestational diabetes pregnant women subjects.
Type 1, Type 2 diabetes pregnant women had the highest incidence of hypoglycemic episodes, whereas the gestational
diabetes pregnant women had highest rate of normoglycemia.

Table 1 Patients Demographic Characteristics

Characteristics Type 1 DM
(n=14)

Type 2 DM
(n=21)

Gestational DM
(n=21)

All Subjects
(n=56)

Age group n (%)

<30 4 (28.6) 2 (9.5) 5 (23.8) 11 (19.6)

30–40 10 (71.4) 17 (81.0) 13 (61.9) 40 (71.4)

>40 0 (0) 2 (9.5) 3 (14.3) 5 (8.9%)

Parity n (%)

Primigravida 1 (7.1) 3 (14.3) 7 (33.3) 11 (19.6)

Multigravida 13 (92.9) 18 (85.7) 14 (66.7) 45 (80.4)

Gestational age

n (%)

1st trimester 3 (21.4) 3 (14.3) 0 (0) 6 (10.7)

2nd trimester 8 (57.1) 14 (66.7) 5 (23.8) 27 (48.2)

3rd trimester 3 (21.4) 4 (19.0) 16 (76.2) 23 (41.1)

Insulin type n (%)

Mixed 1 (7.1) 0 (0) 0 (0) 1 (1.8)

Short 13 (92.9) 16 (76.2) 6 (28.6) 35 (62.5)

Long 11 (78.6) 14 (66.7) 4 (19.0) 29 (51.8)

Intermediate 3 (21.4) 1 (4.8) 1 (4.8) 5 (8.9)

Metformin 0 (0) 11 (52.4) 17 (81.0) 32 (57.1)

Diet 0 (0) 0 (0) 3 (14.3) 3 (5.4)

Medications n (%)

OHA 0 (0) 3 (14.3) 11 (52.4) 14(25.0)

OHA+Insulin 0 (0) 8 (38.1) 5 (23.8) 17 (30.4)

Insulin 14 (100) 10 (47.6) 2 (9.5) 22 (39.3)

OHA+Diet 0 (0) 0 (0) 3 (14.3) 3 (5.4)

Fasting n (%)

Yes 14 (100) 21 (100) 21 (100) 56 (100)

Note: Categorical variables are expressed as percentages.
Abbreviation: OHA, antihyperglycemic agent.
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Table 4 shows the level of fructosamine and HbA1c in type 1, type 2, and gestational diabetes pregnant women. In
type 1 and type 2 diabetes pregnant women fructosamine level improved during ramadan and it demonstrate the
favorable short-term glycemic control compared to HbA1c which did not improve long-term glycemic control.

Figure 2A shows the fructosamine level in type 1 diabetes pregnant women. The fructosamine level improve during
ramadan fasting in type 1 diabetes pregnant women but did not attend statistical significance.

Figure 2B shows the fructosamine level in type 2 diabetes pregnant women subjects. The fructosamine level improve
during ramadan, and after ramadan in type 2 diabetes pregnant women but did not attend statistical significance.

Table 2 Glycemic Parameters Between the Diabetes Types

Parameters Type 1 DM
(n=14)

Type 2 DM
(n=21)

Gestational DM
(n=21)

1st visit (Before Ramadan)
Pre breakfast (glucose mg/dl) 95.0±19.9 108.4±25.0 97.5±17.8

2hrs post breakfast (glucose mg/dl) 122.4±25.0 137.4±28.6 124.3±26.7

Pre lunch (glucose mg/dl) 115.0±4.4 112.2±36.8 101.3±22.0

2hrs post lunch (glucose mg/dl) 118.8±23.8 130.0±26.1 116.5±24.0

Pre dinner (glucose mg/dl) 117.6±21.3 123.9±38.2 109.0±21.7

2hrs post dinner (glucose mg/dl) 128.3±39.9 131.8±23.9 120.3±22.6

HbA1c % 7.4±1.3 6.5±1.2 6.0±0.8

Fructosamine (μmol/l) 286.9±76.0 231.8±42.1 208.1±21.5

2nd visit (During Ramadan)

Pre Suhoor (glucose mg/dl) 110.3±16.2 112.9±26.5 102.4±14.2

2hrs post Suhoor (glucose mg/dl) 131.5±24.9 130.7±15.2 116.0±17.9

12:00 PM Noon (glucose mg/dl) 160.9 ±71.5 134.0±8.7 116.0±10.6

Pre Iftar (glucose mg/dl) 116.0±30.0 102.1±15.7 91.3±17.0

2hrs post Iftar (glucose mg/dl) 152.9±48.3 145.3±29.3 116.9±21.5

HbA1c % 7.4±1.1 6.3±1.0 6.0±0.7

Fructosamine (μmol/l) 261.0±53.1 219.8±43.6 197.0±15.5

3rd visit (After Ramadan)

Pre breakfast (glucose mg/dl) 93.7±11.8 99.4±21.6 89.0±10.5

2hrs post breakfast (glucose mg/dl) 131.9±14.0 131.9±14.0 109.4±21.1

Pre lunch (glucose mg/dl) 113.0±48.8 85.9±6.8 93.3±14.6

2hrs post lunch (glucose mg/dl) 125.4±43.6 140.0±24.6 115.3±16.4

Pre dinner (glucose mg/dl) 127.8±51.0 113.8±19.7 94.2±12.3

2hrs post dinner (glucose mg/dl) 146.9±71.2 127.5±16.0 115.4±14.5

HbA1c % 7.5±1.1 6.5±1.5 5.9±0.4

Fructosamine (μmol/l) 279.0±69.4 214.2±67.8 179.6±33.7

Note: Continuous variables are expressed as mean and Standard deviation.
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Figure 2C shows the fructosamine levels in gestational diabetes pregnant women who had significant improvement in
their fructosamine levels during ramadan, and after ramadan (p = 0.009).

Discussion
Our study demonstrates that measurement of fructosamine will provide a good short-term glycemic tool to monitor
glycemic control especially in pregnant women with gestational diabetes. Our study also demonstrates fructosamine
variability in type 1, type 2, and gestational diabetes differ significantly between before ramadan, and during ramadan.
Other glycemic parameters such as mean glucose and HbA1c% levels were comparable. Measurement of fructosamine
can be considered as a potential alternative for monitoring of short-term diabetes control in type 1, type 2, and gestational
diabetes pregnant women. Ramadan fasting is associated with changes in eating, physical activity, sleeping patterns, and
medication.17 Although the various effects of fasting including the metabolic and physiological adaptations to early
starvation as reflected by glucose intake restriction have been extensively studied,18 little is known about the effects of
fasting on diabetes in pregnant women. Unfortunately, only limited studies examine glucose variability in type 1, type 2
and gestational diabetes pregnant women who fast in ramadan.

Previously, Afandi B et al, demonstrated that continuous glucose monitoring (CGM) is needed in women with
gestational diabetes who are treated with diet alone or with diet and metformin and are categorized as high risk for
adverse events. Ramadan fasting increases the risk of hypoglycemia in GDM treated with diet alone or with both diet and

Table 4 Show Fructosamine and HbA1c Within Type 1 Diabetes, Type 2 Diabetes, and Gestational Diabetes (1st Visit, 2nd Visit and
3rd Visit)

1st Visit (Before Ramadan) 2nd Visit (During Ramadan) 3rd Visit (After Ramadan) P value

Type 1 diabetes (n=14)

Fructosamine (μmol/l) 286.9±76.0 261.0±53.1 279.0±69.4 0.600

HbA1c % 7.4±1.3 7.4±1.1 7.5±1.1 0.859

Type 2 diabetes (n=21)

Fructosamine (μmol/l) 231.8±42.1 219.8±43.6 214.2±67.8 0.564

HbA1c % 6.5±1.2 6.3±1.0 6.5±1.5 0.913

Gestational diabetes (n=21)

Fructosamine (μmol/l) 208.1±21.5 197.0±15.5 179.6±33.7 0.009

HbA1c % 6.0±0.8 6.0±0.7 5.9±0.4 0.761

Note: Continuous variables are expressed as mean and standard deviation.

Table 3 Frequencies of Hypoglycemia Between the DM Groups During Ramadan

Fasting Status Hypoglycemia
Frequency

Type 1 DM
(n=14)

Type 2 DM
(n=21)

Gestational DM
(n=21)

All Subjects
(n=56)

None 9 (64.3%) 16 (76.2%) 19 (90.5%) 44 (78.6%)

One 2 (14.3%) 4 (57.1%) 1 (4.8%) 7 (12.5%)

Two 0 (0%) 0 (0%) 0(0%) 0 (0%)

Three 1 (7.1%) 0 (0%) 1 (4.8%) 2 (3.6%)

Four 1 (7.1%) 1 (4.8%) 0 (0%) 2 (3.6%)

Five 1 (7.1%) 0 (0%) 0 (0%) 1 (1.8%)
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metformin.8 Recently, Harbuwono et al, evaluated glucose variability in subjects with type 2 diabetes on oral antidiabetic
agents using continuous glucose monitoring system (CGMS) during and after ramadan fasting.19 In our study, it is noted
that glucose monitoring and home readings were lower and were under normal range during ramadan when compared to
the readings before ramadan in all pregnant women with diabetes. This may be due to the short-term improvement in the
glycemic control. On the other hand, there was no change in HbA1c levels before and after ramadan for type 1 and type 2
diabetes in pregnant women. Hassanein M et al, assessed the biochemical and biometric changes in patients with diabetes
during ramadan in comparison to the pre-ramadan and post-ramadan and suggest low risk patient to fast as fasting is not
associated with an increased risk.20 Nor Azlin et al, in prospective cohort study also demonstrated the safety and

A

B

C

Figure 2 (A) Fructosamine within type 1 diabetes pregnant women (1st visit, 2nd visit, and 3rd visit). (B) Fructosamine within type 2 diabetes pregnant women (1st visit,
2nd visit, and 3rd visit). (C) Fructosamine within Gestational diabetes (1st visit, 2nd visit, and 3rd visit).
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tolerability of once or twice daily neutral protamine Hagedorn (NPH) insulin for pregnant women who wish to fast
during ramadan, while there was a reducing trend in home readings with overall readings noted to be within acceptable
limits.21

In our study none of the pregnant women with type 1 diabetes, type 2 diabetes and gestational diabetes patients had
experienced severe hypoglycemia. Our results are in line with Afandi B et al, report that glycemic control before ramadan
will reduce the potential risks associated with ramadan fasting and minimize glucose fluctuation in diabetes patients.22

The hypoglycemic and hyperglycemic episode were higher in pregnant women with uncontrolled glycemia (HbA1c%;
9.1+0.9) respectively.21,22 Although, in our study all the diabetes pregnant women were under glycemic control (HbA1c
%; 7.4±1.3) and experience less hypoglycemic and hyperglycemic episode. In an observational retrospective case-control
study in high-risk diabetes patients who insisted on ramadan fasting against healthcare professional and medical advice
were more likely to break their fast due to severe hypoglycemia.23

In fact, population-based, epidemiology of diabetes and ramadan (EPIDIAER) study in 2001 also evaluated the safety
of ramadan fasting among pregnant women with diabetes while exploring the status of glycemic control during ramadan.
It also raised concerns over the high risk of dehydration, diabetes ketoacidosis (DKA), and thrombosis during ramadan
fasting. Although, reported a fivefold increase in hyperglycemia in type 2 diabetes and threefold increase in Type 1
diabetes.11 Recently, Multi-Country Retrospective Observational Study of the Management and Outcomes of Patients
with Diabetes during ramadan (CREED study) found 64% of Type 2 diabetes patients fasted every day during ramadan
and 94.2% fasted for at least 15 days of ramadan.24 Likewise, many pregnant women with diabetes insisted on fasting
ramadan despite being advised against doing so.7,8

In our study all the pregnant women with diabetes appear to have impact of fasting on the short-term glycemic
control. Therefore, we have evaluated glycemic control condition as reflected by the improvement of fructosamine levels
after ramadan when compared to before ramadan levels. Earlier, it was reported that the paired values of fructosamine
with blood glucose for screening high-risk pregnant women with gestational diabetes will be benefited in their manage-
ment plan.25,26 On the other hand, there was no change in HbA1c between levels before and after ramadan.
Fructosamine, unlike HbA1c, results from binding of glucose to serum proteins and, therefore, could have reflected
this short-term improvement of glycemic control during the fasting periods.27 In pregnant women with diabetes, strict
glycemic control is needed to reduce the incidence of perinatal, maternal, and infant complications. So, we have
demonstrated that measurement of fructosamine reflects glycemic control during pregnancy and might be a better
indicator of glycemic control in pregnant women. However, large-population studies are needed to assess glycemic
control and safety of fasting ramadan during pregnancy.

Study Limitations
There was no comparison made with women who did not fast. The outcome of the pregnancies was not studied.
Nevertheless, this is a prospective study on the effects of fasting ramadan on insulin treated diabetes pregnant women
with relatively good number of patients. A comparison was made between the effects of fasting on fructosamine and
HbA1c levels.

Conclusion
In conclusion, religious and medical recommendations advise pregnant women against fasting as it is unsafe, and they are
under high risk. However, if they insist to do fast, they must do under strict medical supervision. Pregnant woman with
gestational diabetes tends to tolerate fasting better with less propensity for hypoglycemia. Utilization of fructosamine for
short term monitoring of glycemic control in addition to home glucose readings in pregnant women with diabetes will
provide a good index of glycemic control.

Data Sharing Statement
The study data are available from the corresponding author upon reasonable request.
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