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Sialkot, Pakistan

There are recent reports that Ramadan fasting (RF) results in weight gain instead
of weight loss. In addition, the data on the efficacy of brief nutrition education
on healthy eating practices in Ramadan for better health are scarce. Therefore, a
study was conducted to investigate the effects of brief nutrition education before
the start of RF on healthy eating practices during RF. For this purpose, a prospective
observational study focused on “Dietary Education and Awareness for Ramadan
(DEAR)" as an intervention was carried out. The participants (n = 74) were recruited
and divided into two groups, i.e., intervention and control groups (n =37 each).
As an intervention, nutrition education lessons were given before and during RF
month. The control group did not attend these nutrition education lessons. Data
on anthropometrics, dietary intake, and other parameters were collected at three
time points: before, in the end, and 4 weeks after RF. Weight was measured in kg;
height, waist circumference (WC), and hip circumference (HC) were measured
in cm; and body mass index (BMI) was calculated. Waist-to-hip ratio (WHR) was
calculated by dividing the waist value by the hip value. Body composition analysis
was performed by the body composition analyzer (BF-907). Blood pressure (BP)
was measured using a validated automated blood pressure. A 3—5ml of venous
blood was collected, and plasma and serum were separated. Serum and plasma
samples were processed for general blood chemistry (blood lipid profile, glucose,
and CRP) within2 h. CRPwas determined by the immunoturbidimetry method using
an auto-analyzer. An enzyme-linked immunosorbent assay (ELISA) was used to
determine cytokine/chemokines. Adherence to nutrition education (intervention)
was assessed. The results show that nutrition education has positive effects on
overall nutrition. Significant improvement in dietary adherence to dietary advice
in the intervention group was noted. Significant BW loss (mean loss: 1.21kg) in
the intervention group was observed. The majority (63.3%) had lost BW > 1.0 kg.
Other changes observed as a result of the intervention included improvements in
blood glucose, cholesterol, CRP levels, and systolic and diastolic BP. There was
a notable shift in pro- and anti-inflammatory cytokine concentrations: IL-7, IL-4,
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and TGF-a decreased, while IL-2, TNF-a and resistin, IL-1 RA, IL.-17 A, and sCD40
increased. In conclusion, RF resulted in a loss in mean BW and an improvement in
related blood chemistry and cytokine profiles. Furthermore, nutrition education
before RF resulted in better nutrition practices during RF and a desirable healthy
BW, blood lipid, and cytokine profiles.
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Background

Ramadan is the ninth month of the Islamic Calendar. Muslims all
over the world observe fasting during this month from dawn to
sunset. During fasting hours, Muslims refrain from fluid and food
intake (1, 2). The duration of fasting hours is variable and ranges from
12 to 18 h, depending on the season and geographical location (3). The
prolonged daytime fasting during Ramadan makes it a unique model
of weight management strategy. Furthermore, during this month,
changes in a number of dietary habits occur. These changes include
quality, quantity, timing of food intake, physiological, and biochemical
factors (4, 5). These changes may be helpful in reducing the prevalence
of certain chronic disorders, such as obesity, diabetes, and
cardiovascular diseases.

Obesity, a chronic inflammation, is globally prevalent at alarming
rates. Obesity is indisputably related to an increased prevalence of
many preventable diseases, a significant log-linear increase in the risk
of all-cause mortality, an increasing body mass index (BMI) value of
>25, and enormous economic losses. While a number of strategies
have been in place in an attempt to minimize the undesirable changes
in metabolism and appetite, the benefits of an intermittent fasting
regimen have begun to demonstrate strong efficacy in studies
including ours (6) and others (7-9). A change in body weight is
associated with other changes in the body, for example, changes in
body composition, blood biochemistry, and a number of inflammatory
biomarkers. Extended durable changes in the circadian clock of the
human body may encourage numerous changes in cardio-metabolic
profile; thus, fasting during Ramadan is well-established to have an
overall impact on endocrine and cardio-metabolic health (7-9).

A number of classical prospective epidemiological studies have
reported a constant relationship between high CRP levels and an
increased possibility of cardiovascular episodes comprising
myocardial infarction, stroke, and cardiovascular disease (CVD)-
related mortality (10-14). Other markers that are related to obesity
and cardiovascular health include cytokines (pro- and anti-
inflammatory) and chemokines. Although the effects of short-term
fasting on the profile of inflammatory markers have also been
previously documented (15), the effect of long-lasting variations of
food consumption in a model such as Ramadan fasting on the markers
of inflammation has not been extensively studied. Nevertheless, the
control diet intake has been recognized as an effective mechanism for
managing obesity (16).

For most individuals, diet control may be persuaded by nutrition
education; the education may, therefore, possibly aid the improvement
of dietary interventions. Interestingly, controlling excessive food
intake is a commendable act in Islamic teachings and health guidelines
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(17, 18). Faith-based interventions such as the dietary interventions
adopted by Christians have also been reported to be fruitful in
managing weight and its associated health risks (19, 20). Ramadan
Iftar buffet, for example, is a common tradition now throughout the
Muslim world (21), and the common belief among Muslims is that
Ramadan is a month of ‘giving charities’ and ‘generosity’ (22). It is
obvious that there is a gap between thoughtful knowledge and
attention in rationalizing feasting and expenditure. The gap needs to
be spanned by more nutrition/behavior sensitive education programs
specially premeditated for the local public about the concept that
Ramadan is also a month of modesty—modesty in food intake as well.
There is a dire need for nutrition educationalists and researchers to
be involved in augmenting the gap—a notion supported by many
researchers. As Ramadan fasting is a natural way of observing dietary
restrictions and neither exaggerate nor extremely relaxes dietary and
lifestyle changes, any nutrition education is supposed to
be very successful.

In addition, despite the role of Ramadan-specific nutrition
education, it has been extensively studied in metabolic disorders
patients; however, no studies, to the best of our knowledge, have been
reported in healthy individuals. Having in mind that the observed
variation in changes in body weight and body composition may be a
result of Ramadan fasting, we hypothesize that fasting with some
advice on healthy dietary intake may have an impact on overall health.
We were of the view that any healthy dietary modification is deemed
to be easy to take place as well as to be adhered to during the post-
Ramadan period as well. We looked to create long-term dietary
behavioral changes as proposed elsewhere (23, 24) and learned during
the month of Ramadan through developing practical skills that help
in healthy dietary intake.

We, therefore, conducted this study to investigate any long-term
positive effects of Ramadan fasting through a follow-up post-
Ramadan phase to observe adherence to healthy dietary and lifestyle
modifications brought about during Ramadan. Furthermore,
we wanted to observe the efficiency of nutrition education-based
dietary interventions to maneuver post-Ramadan weight regain.
We expected that the intervention would help in encouraging
participants to keep track of their food intake at feasting times during
Ramadan fasting. It was hypothesized that the control food intake and
the detainment of Ramadan-induced weight loss would be more
obvious in the nutrition intervention group than in the control group.
In order to investigate the rationale of how fasting during Ramadan
affects the body weight and body composition of practicing Muslims,
it might lead to a better interpretation of the global practicing Muslim
community being influenced by observing the religious obligations of
Ramadan. Furthermore, it might be valuable to take into account the
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epidemic of overweight and obesity, which has affected nations around
the world, including Muslim-majority countries (25).

Materials and methods

The study used a pre- and post-test design with random
assignments to the intervention group, who received special structured
nutrition education through structured lectures, individual telephone
counseling, and other educational tools. The control group did not
receive any specially structured nutrition education lessons. Both
groups completed pre- and post-test as reported elsewhere (6).

Recruitment of study participants

The participants of this study were either members of a registered
organization, i.e., nutrition education, awareness, and training (NEAT:
Social Welfare Department Khyber Pakhtunkhwa, Govt. of Pakistan)
or persons known to members of the organizations. Potential
participants were identified from the member registration record of
NEAT. The registered members were encouraged to invite their other
family members, relatives, and friends to join a pre-education session
1 week before the start of Ramadan fasting month in 2018.

On their arrival, the anthropometrics and body compositions of
all participants were measured. Participants were encouraged to
provide their willingness to participate as participants in the control
group of the study or the nutrition intervention group. Initially, 37
male participants showed their interest in participating in the
nutrition intervention group. These were enrolled as ‘the intervention
group. A group of n=37 perfectly matched those in the intervention
group with respect to their baseline education, age, weight, and BMI
was to act as the control group.

Inclusion and exclusion criteria

The detailed inclusion and exclusion criteria have been reported
previously (6), but briefly, the study excluded bedridden and sick
individuals, antenatal and breastfeeding females, and patients with
conditions that necessitate dietary adjustments. Participants with
pre-diabetes symptoms as monitored by a medical doctor were also
not included. All participants were screened for their general health
by a medical doctor before they entered the study. The research team
had access to the personal health files of the selected participants as
most of them were members of NEAT and were routinely checked for
their health status from time to time. There were no refusals among
the respondents who were chosen.

Intervention

The intervention was in the form of brief sessions of nutrition
education. Nutrition education was primarily based on a set of dietary
advice for Ramadan fasting, specifically developed for the purpose of
the present study, i.e., Dietary Education and Awareness for Ramadan
(DEAR; Supplementary File 1). These advices were prepared using
information from Pakistan Dietary Guidelines for better nutrition

Frontiers in Nutrition

10.3389/fnut.2023.1204883

(PDGN). The nutritional recommendations of the World Health
Organization were also incorporated into these guidelines (26).

Data collection

All data were collected at three time points (T1, T2, and T3;
repeated measures). Data at T1 were collected 2-3 days before the start
of the fasting month of Ramadan. Data at T2 were collected in the last
week of Ramadan fasting, preferably 2-3 days before the end of
Ramadan fasting. Data at T3 were collected 1 month after Ramadan
fasting. To ensure relatively huge data in a comparatively short time
span, the help of trained field and clinical data collectors was sought.

Dietary data

The participant’s dietary data were collected using a 3-day-24
HDR and a Food Frequency Questionnaire (FFQ; 27). The FFQ was
specially developed for this research. Dietary recalls were conducted
in the form of face-to-face interview. During the interviews,
participants were asked to recall their food intake during the fasting
period in a certain order, starting with breakfast in the morning
(Sahar meal), Iftar meal, and ending with their last meal before sleep.
Data on cooking methods (roasted, fried, boiled, steamed, etc.) and
food sources (homemade vs. outsourced) were also gathered.
Meanwhile, a family adult confirmed the nutritional report in
interviews to reduce misinterpretations. Models of household utensils,
such as bowls, spoons, and cups, were utilized to aid in the
measurement of food consumption.

Amounts were reported based on how much food was consumed
from each bowl, i.e., a half-filled small bowl. Respondents were asked
to cup equals when they gave an unclear answer (e.g., “I used a little
or a lot of milk in tea”). Food portion sizes were calculated using data
from Pakistan’s Dietary Guidelines for Better Nutrition (28).

The average amount of each food item consumed for 3 days was
determined, and nutrients were calculated. Nutrient intake was
calculated using an in-house nutrient calculator based on the data
from Pakistan’s food composition tables and previously published
research (6, 29). Carbohydrates, lipids, protein, total energy, and a few
vitamins and minerals were among the nutrients examined. There
were additional percentages of energy from carbohydrates, lipids, and
protein. Given the importance of energy distribution in solid vs. liquid
foods (30), we also calculated the percentage of energy contribution
by solid and liquid diets to assess the caloric intake in terms of ‘solid
calories’ and ‘liquid calories. Participants were also requested to
disclose all types of prescribed medicines and supplements consumed.

Anthropometric measurements

Weight was measured in kg, and height, waist circumference
(WC), and hip circumference (HC) were measured in cm, as
previously reported (6). In brief, body mass index (BMI) was
calculated by dividing weight by squared height. The waist
circumference was recorded at the height of the navel, and the hip
circumference was measured at the crest of the buttocks by using a
non-stretchable measuring tape. Waist-to-hip ratio (WHR) was
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calculated. Participants were categorized as obese (OB), overweight
(OW), and normal weight (NW) based on their BMI values according
to WHO standards as previously reported (6).

Assessment of body composition

Body composition analysis of the study participants was
performed using a body composition analyzer (BF-907) as reported
previously (6). It is portable, non-invasive battery-operated equipment
connected to the body through four electrodes.

Blood pressure measurement

The study participants’ blood pressure (BP) was measured using
a validated automated blood pressure monitor (Model M: 6, Omron
Healthcare, Japan; 31). All participants were asked to relax for 5min
at room temperature before reporting their blood pressure results.
Each person’s blood pressure was measured three times. The
measurements were taken on the right arm using a monitor with a
proper cuff size and short intervals between readings. For analysis, the
average of the three measurements was recorded (32). Both systolic
and diastolic blood pressure readings were reported for all the
participants at three time points of the study.

Blood sampling and analysis

Blood sampling was performed as reported previously (6). In
brief, all blood samples at three different time points were collected in
a way to ensure at least 8-10h of fasting. In this way, pre-Ramadan
(T1) and post-Ramadan (T3) fasting blood samples were collected in
the morning, 7-8 a.m. before the morning breakfast. During Ramadan
(T2), blood samples were collected at 11.00a.m., approximately 8 h
after the Sahar meal. Biochemical analyses were performed on blood
samples following standard protocols at the Biology of Aging
Laboratory, Singapore Immunology Network, Agency for Science
Technology and Research, 8A Biomedical Grove, Singapore 138,648,
Singapore. Consequently, blood lipid profile, blood glucose, hsCRP,
and an extended panel of cytokines and chemokines were determined.
Details of the procedures for the determination of these are provided
in Supplementary File 2.

Nutrition education strategy

The nutrition education strategy was partially based on adult
learning theory (33). It consisted of four steps: (1) assessing the needs
of the participants, (2) setting educational objectives, (3) choosing/
using a variety of methods, and (4) assessing that learning occurred
(33). The unique learning styles of participants were identified in a
pilot study (visual, auditory, collage, etc.). Objectives that focus on
what the participants will do with the contents of the nutrition
education strategy in order to learn it were set, and the intervention
was designed accordingly. Participants in the intervention group
attended a multi-component nutrition education entitled “Dietary
Education and Awareness for Ramadan: Healthy Eating for a Healthy
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Living during Ramadan” using three different modes of instruction
(lecture/talk, leaflet, and picture collage). During the study period
throughout the 4 weeks of Ramadan fasting, participants were kept in
contact through mobile phones, personal contact, or in groups in
Iftar Buffet.

Procedure for nutrition education

The participants in the intervention group were gathered in three
sessions for an average of 2h. This was considered workable as
previously prepared by Liu et al. (34). A mixture of Pashto and Urdu,
as the local/national languages, was used during these instructions.
All sessions were held in groups and were carried out by the
investigator. The perception of the educational tools was pretested in
a sample of 10 adults before the actual intervention.

The first session used a focal group technique. It was diagnostic
in character. It was designed to identify limitations and/or barriers
to healthy food consumption during Ramadan in the community.
The second session was motivational in nature. It was formatted as
a culinary workshop. The main purpose was to promote contact
with different types of healthy foods for Ramadan fasting month,
which therefore included the preparation and degustation of
various recipes containing fruits and vegetables as the primary
ingredients. This session also comprised a lecture guided by a poster
and covered topics that addressed overall dietary quality, including:
(a) identifying a preferable overall distribution of types of food in a
diet using the plate model from the dietary guidelines for Pakistan
(28) (Figure 1); (b) increasing the consumption of fresh fruits and
vegetables, whole grains, and their products; (c) discouraging the
consumption of fried foods (e.g., samosa, pakora, and kabab), foods
high in fat and sugar (jalaibee, sweets, puddings, etc.), and (d)
providing alternatives to low-nutrient snacks. This session also
consisted of a brief summary of all topics discussed during the
previous session and a picture collage was introduced where
participants had to use pictures and place them in appropriate
portions on a designed plate model. At the end of the second
session, a leaflet consisting of topics discussed above together with
a “sample menu” of iftar, dinner, sahar, and “alternatives to junky
snacks (low nutrients snacks)” featuring mainly the local snack
types. This was distributed to the participants as “take home
lessons” to enhance their understanding of the whole session. The
third and last session was essentially informative, mainly focusing
on addressing the issues of nutritional recommendations for
Ramadan, health benefits associated with fresh fruit and vegetable
consumption in general, and during Ramadan in particular, ways
to increase the consumption of such foods, and replacement of less
healthy foods with fruit and vegetables. Question and answer
sessions were conducted during the lecture to enable
active participation.

In addition, participants in the intervention group with a normal
baseline BMI (18.5-24.9) were encouraged to maintain their weight
with no increase or decrease while still adjusting their diet to a
healthier pattern and incorporating certain changes in their daily
intake. The obese and overweight participants in the intervention
group were encouraged to lose at least 5% of their weight at baseline
by following a healthier pattern by incorporating certain changes in
their daily intake. All participants in the intervention group were
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FIGURE 1
Mean percent reduction in anthropometrics. (A) Mean percent reduction in weight, (B) mean percent reduction in BMI, (C) mean percent reduction in
WC, and (D) mean percent reduction in %BF. White bars represent the ‘intervention group’. Gray bar represent the ‘control group'.

advised in a personalized manner. Targets in terms of weight and diet
were defined and explained on an individual basis.

Assessment of adherence to nutrition
education

Adherence to nutrition education was assessed twice—1 day
before the commencement of Ramadan fasting, just before the
educational sessions, and a second time on the last day of Ramadan
fasting. The purpose of assessing adherence to nutrition education at
two time points was to know whether there was any difference in
nutritional behavior between the two time points of the study (T1 and
T2) in order to assess the overall impact of nutrition education on
nutrition behavior and dietary intake.

The questionnaire used to assess nutrition education was adapted
from the one developed by Permatasari etal. (35; Supplementary File 3).
The questionnaire consisted of 13 questions, with answers graded
using a Likert scale. Favorable questions (1-5) were scored as follows:
1 =strongly disagree, 2 = disagree, 3 =agree, and 4 =strongly agree. For
unfavorable questions (6-13), this scoring was reversed as follows:
1 =strongly agree, 2 =agree, 3 =disagree, and 4 = strongly disagree. The
questionnaire was completed before the intervention (baseline T1)
and at the end of the intervention (i.e., at the end of Ramadan
fasting, T2).

Nutrition education impact assessment

It was necessary to assess how effective nutrition education was in
modifying dietary behavior. This was done by estimating how much the
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participants in the intervention group demonstrated adherence to the
Pakistan Dietary Guidelines for Better Nutrition (28). According to the
PDGN, there must be 2-3 servings each of meat and pulses, vegetables,
milk and milk products, fruits, and 4-5 times cereals and grains. The
adherence to dietray advice given in the PDGN was calculated as reported
previously (36). The ratings of the consumption of each food group (from
0 to 5 or the reverse) were adapted from Panagiotakos et al. (37) and are
given in Table 1. The dietary adherence score included non-refined
cereals and bread (whole bread, rice, pasta, and other grains), fruit,
vegetables, legumes, fish, olive oil, meat and meat products, poultry,
full-fat dairy products, sweets, and oils. For the intake of food items
assumed to be close to the PDGN or higher (non-refined cereals, fruits,
and vegetables), we allocated a score of 0 when the individual stated no
consumption, a score of 1 when they stated the consumption of 1-4
servings/month, a score of 2 for 5-8 servings/month, a score of 3 for 9-12
servings/month, a score of 4 for 13-18 servings/month, and a score of 5
for more than 18 servings/month. Moreover, we included legumes, fish,
and olive oil in this group after separating them from the meat and oil
groups. In contrast, for the intake of food items assumed to be limited in
PDGN (i.e., rare or monthly intake; meat and meat products, poultry, and
full-fat dairy products), we allocated the scores on a reverse scale (i.e., 5,
when individuals stated no intake, to 0, when they stated almost daily
intake). Hence, the scores ranged from 0 to 60. Higher scores show better
adherence to the Pakistan Dietary Guidelines for better nutrition.

Ethical consideration
The ethics approval for the study was granted by the Human

Research Ethics Committee of the Department of Human Nutrition,
The University of Agriculture, Peshawar (Ref: HN-HREC/2017-022).
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TABLE 1 Scoring system for adherence to dietary PDGN score.

10.3389/fnut.2023.1204883

Frequency of consumption (Servings/Month)

Food groups

5-8 9-12 13-18
1 Non-refined cereals and bread® 0 1 2 3 4 5
2 Fruit® 0 1 2 3 4 5
3 Vegetable 0 1 2 3 4 5
4 Legumes 0 1 2 3 4 5
5 Fish 0 1 2 3 4 5
6 Olive oil 0 1 2 3 4 5
7 Meat and meat products 5 4 3 2 1 0
8 Poultry 5 4 3 2 1 0
19 Full-fat dairy products 5 4 3 2 1 0
10 Sweets 5 4 3 2 1 0
11 Oils 5 4 3 2 1 0

“Whole-grain bread, rice, pasta etc.
"Fresh (e.g., apple, oranges, banana, grapes, etc.) and dried fruit, including dates.

Statistical analysis

Data obtained from the questionnaires were processed using
Microsoft Excel and analyzed using SPSS v22 software. Participants’
baseline demographics were expressed as categorical data, with
frequencies and percentages, or continuous data, with mean and
standard deviation. Confidence intervals (CIs) were calculated and
tables in the
(Supplementary File 4). Continuous data were analyzed using an

presented in  separate supporting  files
independent sample t-test and categorical data by applying Fisher’s
exact test. Adherence to PDGN was scored and displayed as
continuous data. The differences in scores at the start and end of the
study were measured using the Wilcoxon signed-rank test. Baseline
differences between these variables were tested using the Mann—

Whitney U-test. A value of p of <0.05 was considered significant.

Results

Selected socio-demographic characteristics of the participants are
presented in Table 2. The two groups were matched in age,
employment status, education, monthly income, and nutritional
status. The mean (SD) age of the case and control groups was
47.1+6.7 years for the intervention group and 49.9+7.5years for the
control group.

Adherence to nutrition education

All participants in both the intervention group and control
group completed the follow-up assessment at the two time points
(T1 and T2) of the study. The mean start score for adherence to
nutrition education was 16.0 (8.1; range: 9-24) for the control group
and 16.6 (4.8; range: 9-27) for the intervention group (p=0.406).
The end scores were 17.1 (9.9; range: 10-25) and 42.5 (13.2; range:
30-48) in the control and intervention groups, respectively. There
was a significant improvement in the intervention group’s adherence
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to nutrition education test scores, with an absolute increase in a
mean score of 25.6 (p<0.0001). No significant difference was
observed in the control group test scores (absolute difference 1.3;
p=0.224).

Effect of nutrition education
Primary outcome

Dietary adherence to the PDGN score

Table 3 shows mean (SD) dietary adherence scores to PDGN at
three time points for intervention and control groups. In general, the
mean (SD) dietary adherence to PDGN scores at T2 for all parameters
for the intervention group was significantly higher as compared to T1.
These scores remained stable to some extent even after the 4-week
post-Ramadan period (T3). The total dietary adherence to PDGN
score at T2 was significantly higher as compared to T1 for the
intervention group (36.7 vs. 14.2; p <0.05). The total dietary adherence
to the PDGN score for the control group between T1 and T2 differed
non-significantly (14.0 vs. 11.8; p>0.05).

Secondary outcomes
Changes in anthropometrics

As shown in Table 4, at baseline, the intervention and control groups
had the same anthropometrics and body composition parameters (p, for
all trends>0.05). Details of the ANOVA associated with Table 4 are given
in Supplementary File 4. Overall, there was a general trend of a decrease
in body weight, BMI, WC, and % BF at T2 and then a slight increase by
T3. However, most of these variables were still lower at T3, despite an
increase after T2 during the post-Ramadan period. The time x group
interactions for BMI, WC, and % BF were as follows: significant for BMI
[F (2, 116) =10; p<0.0001], WC [Fp, 15=10.5; p<0.0001], and
non-significant for % BF [F(2, 116)=1.5; p=0.221].

frontiersin.org


https://doi.org/10.3389/fnut.2023.1204883
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Gul et al. 10.3389/fnut.2023.1204883

TABLE 2 Baseline demographics of the study participants.

Intervention group

Characteristics (n=37) Corzgc;lsg%oup t/ p-value
Age [years; mean (SD)] ‘ 30.1(12.2) ‘ 31.3(13.5) t=0.65 0.511
Employment status, 1 (%) ' =1412 0.265
Unemployed 20 (66.7) 27 (90.0)

Employed 10 (33.3) 23 (76.7)

Education, 1 (%)

Primary school 12 (40) 18 (60.0) =452 0.386
Secondary school 10 (33.3) 12 (40.0)

High School 4(13.3) 4(13.3)

Undergraduate/Bachelor 4(13.3) 4(13.3)

Monthly income*, n (%) 7 =0.889 0.345
Below regional wage 16 (53.3) 18 (60.0)

Above regional wage 14 (46.7) 12 (40.0)

BMLI, n (%)

Normal Weight (18.5-24.9) 17 (56.7) 27 (90.0) 27 =0.290 0.861
Overweight (25-30) 8 (26.7) 16 (53.3)

Obese (>30) 5(16.7) 7(23.3)

Results significant at p <0.05; y* = Chi square test; BMI=Body mass index. *The Khyber Pakhtunkhwa Minimum Wages Act, 2013.

TABLE 3 Mean (SD) adherence to dietary PDGN scores.

Control! (n =37)

Intervention? (n = 37)

T2 T2

Non-refined cereals and bread 1.2 (1.1)* 3.1(1.4)° 1.5 (1.1)* 1.3 (0.9)* 1.3 (1.2)* 1.4 (1.1)* <0.0001
Fruit 1.9 (1.7)* 4.4 (2.1)° 2.5(1.2)° 1.8 (0.1)* 1.9 (L.1)* 1.5 (1.2)* <0.0001
Vegetable 3.9 (2.1 4.5 (2.7)° 4.5 (1.5) 3.9 (2.1)° 29 (1.1 3.7 (L1)* 0.05

Legumes 1.6 (1.2)* 3.6 (2.3)° 2.6 (2.1)° 1.6 (1.2)* 1.8 (1.2)* 1.7 (1.2)* <0.0001
Fish 1.8(1.3)° 3.6 (2.5) 2.7 (1.3)° 1.6 (1.2)° 13 (L1 1.5 (0.4) <0.0001
Vegetable/Olive oil 0.7 (1.2) 2.1(1.2)° 1.2 (1.5) 0.8 (0.4)" 0.9 (0.4) 0.2 (0.1)° 0.01

Red Meat and meat products 0.5 (1.1)* 1.4 (1.1)° 0.5(0.2)* 0.4 (0.1)* 0.5 (0.4)* 0.5(0.2)* <0.0001
Poultry 0.5 (1.0)* 2.6 (1.3) 1.2 (0.6)° 0.5 (0.2)* 0.8 (0.4)* 0.6 (0.3)* <0.0001
Full-fat dairy products 1.1 (1.1)* 3.6(2.1)° 1.1(0.1)*° 1.3 (0.4)* 1.2 (1.2)* 1.2 (0.4)* <0.0001
Sweets 0.5 (0.4)" 4.1(2.7)° 1.4 (0.5)° 0.2 (0.1)* 0.7 (0.2)* 0.5 (0.4)* <0.0001
Ghee 0.5 (0.3)° 37 2.1 1.7 (L1)P 0.8 (0.4) 0.7 (0.2)* 0.5 (0.4)* <0.0001
Total adherence to PDGN 14.2 (9.2) 36.7 (12.7)° 20.9 (11.9)° 14.2 (6.3) 14 (6.3)* 11.8 (5.9) <0.0001

*p-value, based on mean differences between T1 and T2 for intervention and control groups.
"Means followed by the same letter do not differ significantly. T1=baseline; T2 =at the end of Ramadan fasting month; T3 =1 month post-Ramadan; Two Way ANOVA, with p <0.05.

Figure 1 shows that compared to the control group, participants
in the intervention group had a greater percent reduction in weight
(—1.8 vs. —=1.5%.), BMI (—3.6 vs. —1.6%), WC (—1.2 vs. 6.2%), and %
BF (—4.4 vs. —1.1%; p, for all trends <0.05).

Table 5 shows the mean (SD) intake of energy, macronutrients,
and fiber. In general, mean energy intake significantly differed at three
time points of the study in both the intervention and control groups.
Details of these analyses associated with Table 5 are given in
Supplementary File 4.

Figure 2A shows the %age of energy distribution in carbohydrates,
protein, and fats in the intervention and control groups. The percent
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energy contribution by carbohydrates in the intervention and control
groups slightly increased at T2 compared to T1 and then decreased at
T3. The percent energy contribution by protein slightly decreased at
T2 as compared to T1 in the intervention group but increased in the
control group. The percent energy contribution by fats also slightly
decreased at T2 as compared to T1 in the intervention and
control groups.

Figure 2B shows the %age change in the intake of saturated and
unsaturated fats between T1 and T2. In the intervention group,
saturated fat intake decreased by 20.9%, while unsaturated fat intake
increased by 147.8%. In the control group, the saturated fat intake
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TABLE 4 Mean (SD) of Anthropometrics of Intervention and Control Groups.

Two-way analysis of variance

Intervention (n = 30) Control (n =30)

Variables (p-value)*
T1 T2 T3 T2 (€17e]0] ) Time Group X Time
Weight 742 (10.8) | 72.9(10.68)° | 73.8(10.73)* = 71.5(10.54) | 70.4(10.39)¢ = 71.7 (10.59)" 0.925 <0.0001 <0.0001
BMI 25.1(3.95)  24.6(3.8) 249 (39)F | 245(3.62° | 24.1(3.60)° | 245 (3.60)* 0.901 <0.0001 <0.0001
WC 90.0 (10.8)* = 88.9(10.49)* | 89.9(10.47)*  90.0 (8.9)* 95.6 (8.77) | 88.2(8.93)" 0.116 <0.0001 <0.0001
9%BF 29.1(6.68) = 24.8(5.12)° | 27.2(5.84)° = 31.1(6.81) = 29.4(588) | 29.0(6.08) 0.294 <0.0001 0217

"Means followed by the same letter do not differ significantly. One-way ANOVA, with p<0.05; T1 =baseline; T2 =at the end of Ramadan fasting month; T3 = 1 month post-Ramadan; Two Way
ANOVA, with p<0.05. *p-value, Two Way ANOVA, p<0.05.

TABLE 5 Mean (SD) of nutrients intake of Intervention and Control Groups.

. Intervention (n = 30) Control (n =30) p-value*
Variables . .
T1 T2 T3 T1 T2 T3 Group Time Group X Time

Energy (Kcal) 2052 2,191 2,322 2,302 2,193 2,389 <0.0001 0.0003 0.0012
Carbohydrates (g) 301.9 332.5 347.9 353.2 345.3 <0.0001 <0.0001 <0.0001

Total Protein (g) 71.2 70.4 72.1 713 72.5 723 0.542 0.636 0.856

Fats (g) 622 64.4 71.3 67.1 58.0 71.9 0.854 <0.0001 0.021

Fiber (g) 11.1 10.7 10.5 10.9 1.0 10.2 0.654 0.340 0.759

"Means followed by the same letter do not differ significantly. One-way ANOVA, with p<0.05; T1=baseline; T2 =at the end of Ramadan fasting month; T3 = 1 month post-Ramadan; Two Way
ANOVA, with p <0.05. *p-value, Two Way ANOVA, p<0.05.

decreased by 8.2%, and the intake of unsaturated fats decreased
by 78.4%. A

100+

Changes in biochemical profiles

Table 6 shows the mean (SD) of various blood biochemicals at
three time points of the study. Compared to T1, mean (SD) values of
blood glucose, cholesterol, sodium, CRP, and diastolic and systolic
blood pressure were lower at T2 for the intervention group. These

differences were less evident for the control group. Details of the
ANOVA associated with Table 6 are given in Supplementary File 4.

Changes in cytokines/chemokines levels

% Energy Contribution

Table 7 shows the mean (SD) concentrations of cytokines/
chemokines stratified by the intervention and control groups and by

the three time points of the study. The table also gives the results of the

ANOVA. For the intervention group, mean (SD) values of
pro-inflammatory cytokines/chemokines (IL-2, IL-7, TNF-a, and
Resistin) were higher at T2 as compared to T1 (p, for all trends<0.05).
For these cytokines/chemokines, the control group followed almost

the same trend. In case of pro-inflammatory cytokines, for the
FIGURE 2

(A) Percent change in the intake of saturated and unsaturated fats
between T1 and T2. (B) Percentage of energy distribution in
carbohydrates, protein, and fats in the intervention and control
groups.

intervention group, the levels of these cytokines at T2 were also higher
as compared to T1. For the control group, with the exception of IL-1
and TGF-a, the mean (SD) values of these cytokines were lower at T2
as compared to T1.

Changes in the cytokines/chemokines levels through the three

time points of the study for both the intervention and control groups

are also depicted in Figure 3. As evident, in most of the cases, the
blood concentration of cytokines/chemokines elevated during
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Ramadan fasting and then either further went up or came back closer
to the baseline level at the post-Ramadan period.
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TABLE 6 Mean (SD) of selected bio-chemicals and diastolic and systolic blood pressure.

Intervention (n = 30) Control (n =30)

Two-way analysis of variance (p-value)

Variables
T1 T2 T3 T2 Group Time Group X Time

Glucose (mg/dl) 1234 (14937 98.65 (14.7)" 105 (13.2)° 1209 (21.4) | 101.3(13.59)° | 100.03 (27.85)° 0.698 <0.0001 0397
Cholesterol (mg/dl) 1495 (65.3) | 84.48(74.2)" | 150.1(1124) | 1335(82.1)* | 107.9 (76.12)° 96.3 (78.81)° 0.340 0.0503 0.0330

HDL (mg/dl) 359 (9.11)° 34.4 (12220 | 33.4(11.88)° 30,9 (9.2)* 32.4 (8.4)° 30.4 (11.2)° <0.0001 <0.0001 <0.0001

LDL (mg/dl) 1126 (742)° | 50.1(3221)" | 1167 (57.31)* | 85.6(23.11) | 755 (34.34)° 76.9 (3L11)° <0.0001 <0.0001 <0.0001
Sodium (mg) 32(0.32)° 3.0 (0.56)° 32(0.81) 2.9(0.21) 2.7 (0.24)* 3.0 (0.33)° <0.0001 <0.0001 <0.0001

CRP (pg/ml) 3.4 (1113 29 (1.25)° 5.47 (2.11)° 4.1 (2.08) 3.6 (1.80)" 33 (2.18)° <0.0001 0.601 0521
Diastolic BP (mmHg) 80.5 (1.52)° 78.3 (2.39)° 79.8 (4.11)° 80.8 (2.12)° 79.2 (2.11)° 80.4 (1.37)° <0.0001 <0.0001 <0.0001
Systolic BP (mmHg) 123 (7.51)* 1162 (6.11)° | 112.0(6.10)° | 1232(7.40)° | 114.8(635)° 122.6 (4.77) <0.0001 <0.0001 <0.0001

#p-value, Two Way ANOVA, p<0.05. 'Means followed by the same letter do not differ significantly. One-way ANOVA, with p<0.05.

TABLE 7 Mean (SD) of cytokines/chemokines.

Control (n = 30)
T2

Intervention (n = 30) p-value*

T2

Variables

T1 T3 Time

Group

Group X Time

IL-2 (pg/ml) 1.37 (0.50)° 1.99 (1.05)" 1.65 (0.79)° 1.6 (0.98)° 1.84 (1.09)° 1.62 (0.86)* 0.393 <0.0001 0.497
IL-7 (pg/ml) 5.2 (4.3)° 5.4 (2.1 5.8 (2.1)° 5.1(4.2)° 49 (2.3) 5.0 (5.2)° 0.299 0.853 0.722
TNF-a (pg/ml) 36.45(32.42)° | 7523 (61.18)" | 52.1 (41.63)° 441 (3.7) 56.1 (17.1) 549 (13.01)° 0.792 0.008 0219
Resistin (pg/ml) 3,655 (1777 | 3,976 (3083)° | 3,786 (5446)° | 3,655 (2015) | 3986 (1482)" 3,716 (1633) <0.0001 0.662 0.700
IL-1 RA (pg/ml) 81.0(87.01)* | 140.4(127.2)° = 92.14(68.250 = 111(97.69)* | 117.1(77.61)° & 126 (68.26) 0.383 0.077 0.0871
1L-4 (pg/ml) 46.4 (2852 | 5433 (33.74)° | 52.64(34.36)° | 443 (32.37)' | 56.1(29.89)" 54,9 (31.91)° 0.744 0.771 0.281
IL-17 A (pg/ml) 52 (3.15) 5.45 (3.39) 5.89 (3.29)° 532 (2.94)° 4.65 (4.02)° 5.83 (2.47)° <0.0001 0.667 0.553
sCD40 (pg/ml) 2047 (8.01)* | 2035(10.19)* | 1351 (11.78)° | 44.05(8.7)* 56.02 (11.4)° 54.61 (9.56)" 0.001 0.622 0.392
TGF-o (pg/ml) 6.82 (3.3)° 7.91 (5.52) 7.83 (3.98)° 7.08 (4.78)° 6.84 (3.05)° 6.93 (3.69)° <0.0001 0.621 0.504

'Means followed by the same letter do not differ significantly. One-way ANOVA, with p <0.05. *p-value, Two Way ANOVA, p <0.05.

Discussion —1.5%.), BMI (=3.6 vs. —1.6%), WC (—1.2 vs. 6.2%), and % BF
(—4.4vs. —1.1%).

Major findings 3. Compared to T1, mean (SD) values of blood glucose,

cholesterol, sodium, CRP, and diastolic and systolic blood

1. Assessment of nutrition education showed a significant pressure were lower at T2 for the intervention group. These

improvement in the intervention group adherence test scores,
while no significant difference was observed in the control
group test scores. This shows that nutrition education may be a
successful strategy in bringing positive and healthy dietary
changes in Ramadan fasting.

. Nutrition education was successful in improving dietary
adherence to PDGN scores in the intervention group. The total
dietary adherence to the PDGN score significantly improved at
T2 compared to T1 for the intervention group (mean scores:
36.7 vs. 14.2; p<0.05). The total dietary adherence to PDGN
score for the control group between T1 and T2 differed
non-significantly (14.0 vs. 11.8; p>0.05).

. Compared to control, there was significant weight loss in the
intervention group at T2 (p>0.05).

. Overall, there was a general trend of a decrease in body
weight, BMI, WC, and % BF at T2 and then a slight increase
by T3. However, most of these variables were still lower at
T3 despite an increase after T2 during the post-
Ramadan period.

. Compared to the control group, participants in the intervention
group had a greater percent reduction in weight (1.8 vs.
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differences were less evident for the control group.
Concentration of most of the cytokines/chemokines elevated
during Ramadan fasting and then either further went up or
came back closer to the baseline level at the post-Ramadan
period in both the intervention and control groups.

In the intervention group, saturated fat intake decreased by
20.9%, while unsaturated fat intake increased by 147.8%. In the
control group, the saturated fat intake decreased by 8.2% and
the intake of unsaturated fats decreased by 78.4%.

Ramadan fasting brings numerous changes in dietary intake. These

changes may have beneficial or adverse impacts on overall health, as

fasting

for 29-30days is a relatively longer period. Ramadan is now of a

‘feasting’ than fasting’ occasion. This may modify dietary patterns in an
unhealthy way. The likelihood of unhealthy dietary practices in Ramadan
is higher. Previous studies have recommended a dire need for nutrition

education for Ramadan fasting. As part of this study, we investigated the

effect of formal nutrition education before the start of Ramadan on

dietary

adherence to the PDGN score (as our primary outcome), weight,

nutritional intake, and selected biochemicals and cytokines (as our

secondary outcomes) in a group of 30 adult male participants compared
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FIGURE 3
Trend lines of mean concentrations of selected cytokines/chemokines at the three time points both of control and intervention groups.

to weight and BMI-matched 30 participants in the control group.
Adherence rate and adherence to nutrition education were very high
(Table 3), and hence the non-adherence rate was very; i.e., 18.9% (7 out of
37), which was very low compared to 50 and 80% of non-adherence rate
for chronic disease management, including medication and lifestyle
changes (38). Nutrition education improved adherence to dietary advice
as there was a significant improvement in the intervention group test
scores, with an absolute increase in the mean score of 25.6, while the
control group, who received no nutrition education, failed to improve
their adherence to PDGN score (Figure 4). The concept of ‘adherence’
recognizes the patient’s right to choose whether or not to follow advice
and implies an individual’s active participation in the treatment regimen
[Cohen (39)]. Thus, poor adherence can be a serious threat to the overall
health and wellbeing of an individual (40) and also carry an economic
burden (41). Adherence is particularly important in the context of chronic
diseases that require long-term therapy and a number of permanent
rather than temporary changes in lifestyle behaviors, including diet (38).
The extent to which risk-reduction interventions proved to be as effective
in research settings as in individuals’ real-life settings depends on the
individual’s adherence to treatment advice. In that regard, results from a
randomized clinical trial that wanted to assess the adherence to and
effectiveness of various types of diets revealed that the level of adherence
to dietary advice, rather than the type of diet, was the key determinant of
effective weight loss (42).

As a primary outcome of interest, dietary adherence to the PDGN
score improved in the intervention group, who received nutrition
education, as compared to the control group, who did not get any
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Dietary adherence at the start and end of the study.

nutrition education but followed their usual dietary intake patterns
throughout the Ramadan fasting month. Dietary adherence to PDGN
scores for all parameters in the intervention group significantly
improved after they received nutrition education. The total dietary
adherence to the PDGN score assessed at the end of Ramadan fasting
was significantly higher as compared to the baseline score (36.7 vs.
14.2; p<0.05). On the other hand, the total dietary adherence to
PDGN score for the control group at the end of Ramadan did not
differ much from the dietary adherence to PDGN score at baseline
(14.0 vs. 11.8; p>0.05; Table 2). These data from the present study
show that nutrition education at the start of Ramadan brings positive
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and healthy changes in the dietary patterns of adult fasting individuals.
To the best of our knowledge, there has been no study conducted on
otherwise normal adult subjects investigating the impact of nutrition
education on dietary modification, and we are therefore unable to
compare our results with previous studies during Ramadan fasting.
Nevertheless, nutrition education studies done on diabetic patients
have shown the overall efficacy of such strategies (43). Participation in
structured education programs has shown improvement in their body
weight, BMI, and dietary fiber intake in addition to self-empowerment,
knowledge of diabetes, and self-management skills (44, 45). In a
systematic review of randomized controlled trials of the effectiveness
of self-management training in people with type 2 diabetes,
educational interventions that involved patient collaboration were
more effective than didactic interventions in improving short-term
glycemic control (< 6 months), weight, and lipid profiles (46).

As a secondary outcome, the present study found significant mean
weight loss in the intervention group who received nutrition education.
The loss was much more pronounced compared to that in the control
group, which might indicate an effect of nutrition education on healthy
weight management. Other anthropometric variables of interest (e.g.,
BMI, WC, and %BF) also changed during Ramadan fasting as expected.
Participants in the intervention group had a greater percent reduction
in weight (—1.8 vs. —1.5%.), BMI (—3.6 vs. —1.6%), WC (—1.2 vs. 6.2%),
and % BF (—4.4 vs. —1.1%; Figure 1). In addition, the results of the
present study also showed improvements in the quality of fat intake. In
the intervention group, saturated fat intake decreased by 20.9%, while
unsaturated fat intake increased by 147.8%. In the control group, the
saturated fat intake decreased by 8.2% and the intake of unsaturated fats
decreased by 78.4% (Figure 2B). These positive changes in the nutrient
intake, particularly the quality of fat intake, in the intervention group,
might have been reflected in a much-pronounced improvement in
blood, glucose, cholesterol, sodium, CRP, and diastolic and systolic
blood pressure in the intervention groups compared to the control
group (Table 6). One of the reasons for these positive effects may be that
the participants in the intervention group with improvements in their
dietary adherence to the PDGN score had a much more balanced diet
with increased servings of grains, vegetables, and fruits and a lower
amount of red meat, dairy products, and hydrogenated cooking oil
(ghee). Recently, much emphasis has been placed on certain dietary
patterns to prevent chronic diseases, for example, the Mediterranean
diet, the healthy American diet, and the vegetarian diet (47). All of these
dietary patterns incorporate traditional advice to eat more fresh fruits,
vegetables, and whole-grain cereals. Therapeutic diets such as the
Dietary Approaches to Stop Hypertension (DASH) (48) and the dietary
portfolio recommended in the Canadian Cardiovascular Society
guidelines (49) to lower cholesterol also emphasize these principles and
consistently result in large reductions in blood pressure and lipids when
taken under metabolically controlled conditions (50-52). However,
despite many efforts to encourage the general public to increase plant
food consumption, the response has been slow (48). In this context, the
results of the present study show that Ramadan fasting combined with
nutrition education has pronounced positive effects on dietary behavior.

Conclusion

Nutrition education before Ramadan fasting is an effective
strategy to modify dietary behavior in such a way that it improves
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adherence to dietary guidelines, hence affecting weight

management goals.

Limitations

Measurement of adherence to prescribed dietary advice typically
involves the following: (1) the assessment of what the client eats
through self-reported methods (e.g., 24-h recall, food records, food
frequency questionnaires, and diet history) and (2) the determination
of the degree to which the diet approximates the recommended
dietary plan (e.g., the difference between clients’ recommended
macronutrient goals and their self-reported intake). Although
sparsely used, more objective measures of adherence to diets also
exist (e.g., 24-h urinary sodium excretion to assess adherence to a
low sodium diet) (53). However, there is no gold standard for the
accurate determination of dietary intake. Self-report of energy intake
is a characteristic inherent to nutrition-related topics and is found to
be underestimated compared to objective measures such as resting
energy expenditure assessed by indirect calorimetry (54).
Underreporting energy intake is observed more frequently in female
participants as compared to male participants (55), in older
individuals as compared to young people (56), and in obese
individuals as compared to normal-weight individuals (57).
Although self-reported measures are often regarded as more
susceptible to bias (e.g., over-reliance on memory; daily dietary
variability; report error related to portion size and meal composition;
and social desirability), they are a direct, simple, and inexpensive
method and are readily available for use in practice. Self-reported
measures can be improved and validated by using multiple measures
of adherence and controlling statistically for bias or by using
constructs, for example, body weight, blood pressure, or plasma
cholesterol concentrations (58-60).

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the ethical approval for the study was granted by the
Human Research Ethics Committee of the Department of Human
Nutrition, The University of Agriculture, Peshawar (Ref:
HN-HREC/2017-022). The patients/participants provided their
written informed consent to participate in this study.

Author contributions

RG, IK and IA have substantial contribution to the concept and
design of the study, data collection, analysis and interpretation. IH and
MH assisted in data collection and data entry. RG, IK, AMA, and IA
drafted the article and revised it critically for important intellectual
content. NS, HC, SS and AA helped in data entry, data interpretation,

frontiersin.org


https://doi.org/10.3389/fnut.2023.1204883
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Guletal.

reviewing the revised draft. All authors contributed to the final
revision of the article and all approved the final submitted version.

Acknowledgments

The authors extend their appreciation to the Researchers
Supporting Project number (RSP2024R502), King Saud University,
Riyadh, Saudi Arabia.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Suriani I, Shamsuddin K, Khalib AL, Hazizi AS, Fadlan MO. The effect of Ramadan
weight loss on body composition of overweight and obese Muslims in University Putra
Malaysia. Int J Public Health Clin Sci. (2015) 2:61-8.

2. Ismail WI, Haron N. Effect of Ramadan fasting on serum lipid profile among
healthy students in UiTM. Innt Conf Biol Chemical Environ Sci. (2014):51-3.

3. Beltaifa L, Bouguerra R, Ben Slama C, Jabrane H, El Khadhi A, Rayana B, et al. Food
intake, and anthropometrical and biological parameters in adult Tunisians during
Ramadan. EMH]J-East Mediterranean Health J. (2002) 8:603-11.

4. Chaouachi A, Coutts AJ, Chamari K, Wong DP, Chaouachi M, Chtara M, et al.
Effect of Ramadan intermittent fasting on aerobic and anaerobic performance and
perception of fatigue in male elite judo athletes. ] Appl Sport Sci Res. (2009) 23:2702-9.
doi: 10.1519/JSC.0b013e3181bc17fc

5. Waterhouse J. Effects of Ramadan on physical performance: chronobiological
considerations. Br ] Sports Med. (2010) 44:509-15. doi: 10.1136/bjsm.2007.071712

6. Alam I, Gul R, Chong J, Tan CTY, Chin HX, Wong G, et al. Recurrent circadian
fasting (RCF) improves blood pressure, biomarkers of cardiometabolic risk and regulates
inflammation in men. J Transl Med. (2019) 17:272. doi: 10.1186/s12967-019-2007-z

7. Aksungar FB, Eren A, Ure S, Teskin O, Ates G. Effects of intermittent fasting on
serum lipid levels, coagulation status and plasma homocysteine levels. Ann Nutr Metab.
(2005) 49:77-82. doi: 10.1159/000084739

8. Bogdan A, Bouchareb B, Touitou Y. Ramadan fasting alters endocrine and
neuroendocrine circadian patterns. Meal-time as a synchronizer in humans? Life Sci.
(2001) 68:1607-15. doi: 10.1016/S0024-3205(01)00966-3

9. Bogdan A, Bouchareb B, Touitou Y. Response of circulating leptin to Ramadan
daytime fasting: a circadian study. Br ] Nutr. (2005) 93:515-8. doi: 10.1079/BJN20041380

10. Mohd Yusof BN, Wan Zukiman WZ, Abu Zaid Z, Omar N, Mukhtar F, Yahya NF,
et al. Comparison of structured nutrition therapy for Ramadan with standard care in
type 2 diabetes patients. Nutrients. (2020) 12:2-16. doi: 10.3390/nu12030813

11. Koenig W, Sund M, Frohlich M, Fischer H-GN, Léwel H, Doring A, et al.
C-reactive protein, a sensitive marker of inflammation, predicts future risk of coronary
heart disease in initially healthy middle-aged men: results from the MONICA
(monitoring trends and determinants in cardiovascular disease) Augsburg cohort study,
1984 to 1992. Circulation. (1999) 99:237-42.

12. Rost NS, Wolf PA, Kase CS, Kelly-Hayes M, Silbershatz H, Massaro JM, et al.
Plasma concentration of C-reactive protein and risk of ischemic stroke and transient
ischemic attack: the Framingham study. Stroke. (2001) 32:2575-9. doi: 10.1161/
hs1101.098151

13. Yusof BN, Yahya NE, Hasbullah FY, Zukiman WZ, Azlan A, Yi RL, et al. Ramadan-
focused nutrition therapy for people with diabetes: a narrative review. Diabetes Res Clin
Pract. (2021) 172:108530. doi: 10.1016/j.diabres.2020.108530

14. Al-Rawi N, Madkour M, Jahrami H, Salahat D, Alhasan F, BaHammam A, et al.
Effect of diurnal intermittent fasting during Ramadan on ghrelin, leptin, melatonin, and
cortisol levels among overweight and obese subjects: a prospective observational study.
PLoS One. (2020) 15:€0237922. doi: 10.1371/journal.pone.0237922

15. Koutkia P, Canavan B, Johnson ML, DePaoli A, Grinspoon S. Characterization of
leptin pulse dynamics and relationship to fat mass, growth hormone, cortisol, and insulin.
Am ] Physiol Endocrinol Metabol. (2003) 285:E372-9. doi: 10.1152/ajpendo.00097.2003

16. Astrup A. Dietary management of obesity. ] Parenter Enter Nutr. (2008) 32:575-7.
doi: 10.1177/0148607108321707

Frontiers in Nutrition

10.3389/fnut.2023.1204883

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1204883/
full#supplementary-material

17. Al-Hilali M., Khan M.. (2005). The translation of the meanings of the Noble
Quran. Madina (KSA): King Fahd complex for printing the holy Quran. 5: 32.

18. Salleh MS. Religiosity in development: a theoretical construct of an Islamic-based
development. Int ] Humanit Soc Sci. (2012) 2:266-74.

19. DeHaven MJ, Hunter IB, Wilder L, Walton JW, Berry J. Health programs in faith-
based organizations: are they effective? Am J Public Health. (2004) 94:1030-6. doi:
10.2105/AJPH.94.6.1030

20. Fitzgibbon ML, Tussing-Humphreys LM, Porter JS, Martin IK, Odoms—Young A,
Sharp LK. Weight loss and African-American women: a systematic review of the
behavioural weight loss intervention literature. Obes Rev. (2012) 13:193-213. doi:
10.1111/j.1467-789X.2011.00945.x

21. Jan Mohamed HJ, Nazri NH, Loy SL. Ramadan bazaar and Ramadan buffets: the
possible influence on eating behavior and health among Malaysian Muslims. ] Fasting
Health. (2013) 1:43-5.

22. Bakhotmah BA. The puzzle of self-reported weight gain in a month of fasting
(Ramadan) among a cohort of Saudi families in Jeddah, Western Saudi Arabia. Nutr J.
(2011) 10:84.

23. Esselstyn CB Jr, Gendy G, Doyle ], Golubic M, Roizen ME. A way to reverse CAD?
J Fam Pract. (2014) 63:356-64.

24. Kent L, Morton D, Hurlow T, Rankin P, Hanna A, Diehl H. Long-term effectiveness
of the community-based complete health improvement program (CHIP) lifestyle
intervention: a cohort study. BMJ Open. (2013) 3:¢003751. doi: 10.1136/
bmjopen-2013-003751

25. Kahan D. Prevalence and correlates of adult overweight in the Muslim world:
analysis of 46 countries. Clin Obesity. (2015) 5:87-98. doi: 10.1111/cob.12089

26. WHO (2012). Promoting a healthy diet for the WHO Eastern Mediterranean
region: User-friendly guide World Health Organization.

27.Gul, R, Khan, I, Alam, I, Uddin, Z, Igbal, Z. Development of an innovative tool for
assessment of dietary intake in the fasting month of ramadan-a-ramadan-specific food
frequency questionnaire. Journal of Innovative Sciences (2021) 7:206-14.

28. Pakistan Dietary guidelines for better nutrition (2018). Food and Agriculture
Organization of the United Nations and Ministry of planning development and reform,
Government of Pakistan.

29. Alam, I, Larbi, A, Pawelec, G. Nutritional Status influences peripheral immune cell
phenotypes in healthy men in rural Pakistan. Immunity & Ageing (2012) 9:1-0.

30. Stull, AJ, Apolzan, JW, Thalacker-Mercer, AE, Iglay, HB, Campbell, WW. Liquid
and solid meal replacement products differentially affect postprandial appetite and food
intake in older adults. Journal of the American Dietetic Association (2008) 108:1226-30.

31. Topouchian, J, Agnoletti, D, Blacher, ], Youssef, A, Chahine, MN Validation of four
devices: Omron MG Comport, Omron HEM-7420, Withings BP-800, and Polygreen
KP-7670 for home blood pressure measurement according to the European Society of
Hypertension International Protocol. Vascular health and risk management (2014)
16:33-44.

32. Macia, E, Duboz, P, Gueye, L. Prevalence, awareness, treatment and control of
hypertension among adults 50 years and older in Dakar, Senegal: cardiovascular topics.
Cardiovascular Journal of Africa (2012) 23:265-9.

33. Abela J. Adult learning theories and medical education: a review. Malta Med ].
(2009) 11:21-33. doi: 10.17496/KMER.2009.11.1.21

frontiersin.org


https://doi.org/10.3389/fnut.2023.1204883
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1204883/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1204883/full#supplementary-material
https://doi.org/10.1519/JSC.0b013e3181bc17fc
https://doi.org/10.1136/bjsm.2007.071712
https://doi.org/10.1186/s12967-019-2007-z
https://doi.org/10.1159/000084739
https://doi.org/10.1016/S0024-3205(01)00966-3
https://doi.org/10.1079/BJN20041380
https://doi.org/10.3390/nu12030813
https://doi.org/10.1161/hs1101.098151
https://doi.org/10.1161/hs1101.098151
https://doi.org/10.1016/j.diabres.2020.108530
https://doi.org/10.1371/journal.pone.0237922
https://doi.org/10.1152/ajpendo.00097.2003
https://doi.org/10.1177/0148607108321707
https://doi.org/10.2105/AJPH.94.6.1030
https://doi.org/10.1111/j.1467-789X.2011.00945.x
https://doi.org/10.1136/bmjopen-2013-003751
https://doi.org/10.1136/bmjopen-2013-003751
https://doi.org/10.1111/cob.12089
https://doi.org/10.17496/KMER.2009.11.1.21

Guletal.

34.Liu N, Mao L, Sun X, Liu L, Yao P, Chen B. The effect of health and nutrition
education intervention on women’s postpartum beliefs and practices: a randomized
controlled trial. BMC Public Health. (2009) 9:45. doi: 10.1186/1471-2458-9-45

35. Permatasari, R. Pengaruh pendidikan kesehatan dengan media kalender sehat
(KASET) terhadap depatuhan diet penderita Diabetes Mellitus di Puskesmas Gedongan
Mojokerto. Bachelor of Nursing Thesis, Universitas Airlangga, Indonesia. (2014).

36. El Ansari W, Samara A. Adherence to recommended dietary guidelines and the
relationships with the importance of eating healthy in Egyptian university students. Int
J Prev Med. (2018) 9:73. doi: 10.4103/ijpvm.IJPVM_619_14

37. Panagiotakos DB, Pitsavos C, Stefanadis C. Dietary patterns: a mediterranean diet
score and its relation to clinical and biological markers of cardiovascular disease risk.
Nutr Metab Cardiovasc Dis. (2006) 16:559-68. doi: 10.1016/j.numecd.2005.08.006

38. WHO (2003). WHO. World Health Organization. Adherence to long-term
therapies:evidence for action 2003 Available at: www.who.int (Accessed July 21, 2021).

39. Cohen. Concept analysis of adherence in the context of cardiovascular risk
reduction. Nursind Forum. (2009) 44:25-36. doi: 10.1111/.1744-6198.2009.00124.x

40. DiMatteo MR, Giordani PJ, Lepper HS, Croghan TW. Patient adherence and
medical treatment outcomes: a meta-analysis. Med Care. (2002) 40:794-811. doi:
10.1097/00005650-200209000-00009

41. DiMatteo MR. Variations in patients’ adherence to medical recommendations: a
quantitative review of 50 years of research. Med Care. (2004) 42:200-9. doi: 10.1097/01.
mlr.0000114908.90348.f9

42. Dansinger ML, Gleason JA, Griffith JL, Selker HP, Schaefer EJ. Comparison of the
Atkins, Ornish, weight watchers, and zone diets for weight loss and heart disease risk
reduction: a randomized trial. JAMA. (2005) 293:43-53. doi: 10.1001/jama.293.1.43

43. Chowdhury TA, Hussain HA, Hayes M. Diabetes self-management during
Ramadan. Pract Diab Int. (2003) 20:306-7. doi: 10.1002/pdi.541

44. Deakin TA, Cade JE, Williams R, Greenwood DC. Structured patient education:
the diabetes X-PERT Programme makes a difference. Diabet Med. (2006) 23:944-54.
doi: 10.1111/§.1464-5491.2006.01906.x

45. Ko SH, Song KH, Kim SR, Lee JM, Kim JS, Shin JH, et al. Longterm effects of a
structured intensive diabetes education programme (SIDEP) in patients with type 2
diabetes mellitus—a 4-year follow-up study. Diabet Med. (2007) 24:55-62. doi: 10.1111/j.
1464-5491.2007.02013.x

46. Norris SL, Engelgau MM, Narayan KM. Effectiveness of self-management training
in type 2 diabetes: a systematic review of randomized controlled trials. Diabetes Care.
(2001) 24:561-87. doi: 10.2337/diacare.24.3.561

47. Anand SS, Hawkes C, de Souza RJ, Mente A, Dehghan M, Nugent R, et al. Food
consumption and its impact on cardiovascular disease: importance of solutions focused
on the globalized food system: a report from the workshop convened by the world heart
federation. ] Am Coll Cardiol. (2015) 66:1590-161. doi: 10.1016/j.jacc.2015.07.050

48. Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Miller NH, Hubbard VS, et al. AHA/
ACC guideline on lifestyle management to reduce cardiovascular risk: a report of the

Frontiers in Nutrition

13

10.3389/fnut.2023.1204883

American College of Cardiology/American Heart Association task force on practice
Guidelines. ] Am Coll Cardiol. (2013) 63:129. doi: 10.1161/01.¢ir.0000437740.48606.d 1

49. Anderson TJ, Gregoire ], Hegele RA, Couture P, Mancini GBJ, McPherson R, et al.
2012 Update of the Canadian cardiovascular society guidelines for the diagnosis and
treatment of dyslipidemia for the prevention of cardiovascular disease in the adult. Can
J Cardiol. (2013) 29:151-16. doi: 10.1016/j.cjca.2012.11.032

50. Sacks FM, Carey V], Anderson CA, Miller ER ITI, Copeland T, Charleston J, et al.
Effects of high vs low glycemic index of dietary carbohydrate on cardiovascular disease
risk factors and insulin sensitivity: the OmniCarb randomized clinical trial. JAMA.
(2014) 312:2531-41. doi: 10.1001/jama.2014.16658

51. Jenkins DJ, Jones PJ, Lamarche B, Kendall CWC, Faulkner D, Cermakova L, et al.
Effect of a dietary portfolio of cholesterol-lowering foods given at 2 levels of intensity of
dietary advice on serum lipids in hyperlipidemia: a randomized controlled trial. JAMA.
(2011) 306:831-9. doi: 10.1001/jama.2011.1202

52. Saneei P, Salehi-Abargouei A, Esmaillzadeh L A. AzadbakhtInfluence of dietary
approaches to stop hypertension (DASH) diet on blood pressure: a systematic review
and meta-analysis on randomized controlled trials. Nutr Metab Cardiovasc Dis. (2014)
24:1253-61.

53. Chung ML, Lennie TA, de Jong M, Wu JR, Riegel B, Moser DK. Patients differ in
their ability to self-monitor adherence to a low-sodium diet versus medication. ] Card
Fail. (2008) 14:114-20. doi: 10.1016/j.cardfail.2007.10.010

54. Asbeck I, Mast M, Bierwag A, Westenhofer J, Acheson KJ, Muller MJ. Severe
underreporting of energy intake in normal weight subjects: use of an appropriate
standard and relation to restrained eating. Public Health Nutr. (2002) 5:683-90. doi:
10.1079/PHN2002337

55. Johnson RK, Goran MI, Poehlman ET. Correlates of over- and underreporting of
energy intake in healthy older men and women. Am J Clin Nutr. (1994) 59:1286-90. doi:
10.1093/ajcn/59.6.1286

56. Huang TT, Roberts SB, Howarth NC, McCrory MA. Effect of screening out
implausible energy intake reports on relationships between diet and BMI. Obes Res.
(2005) 13:1205-17. doi: 10.1038/0by.2005.143

57. Briefel RR, Sempos CT, McDowell MA, Chien S, Alaimo K. Dietary methods
research in the third National Health and nutrition examination survey: underreporting
of energy intake. Am J Clin Nutr. (1997) 65:1203S-9S. doi: 10.1093/ajcn/65.4.1203S

58.Hebert JR, Ebbeling CB, Olendzki BC, Hurley TG, Ma Y, Saal N, et al. Change
in women’s diet and body mass following intensive intervention for early-stage
breast cancer. ] Am Diet Assoc. (2001) 101:421-31. doi: 10.1016/S0002-8223
(01)00109-2

59. USDA Dietary guidelines for Americans (2015). Department of Health and
Human Services. United States Department of Agriculture. Available at: http://health.
gov/dietaryguidelines/2015-scientific-report/ [Accessed September 4, 2020].

60. Wang DD, Leung CW, Li Y, Ding EL, Chiuve SE, Hu FB, et al. Trends in dietary
quality among adults in the United States, 1999 through 2010. JAMA Intern Med. (2014)
174:1587-95. doi: 10.1001/jamainternmed.2014.3422

frontiersin.org


https://doi.org/10.3389/fnut.2023.1204883
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1186/1471-2458-9-45
https://doi.org/10.4103/ijpvm.IJPVM_619_14
https://doi.org/10.1016/j.numecd.2005.08.006
http://www.who.int
https://doi.org/10.1111/j.1744-6198.2009.00124.x
https://doi.org/10.1097/00005650-200209000-00009
https://doi.org/10.1097/01.mlr.0000114908.90348.f9
https://doi.org/10.1097/01.mlr.0000114908.90348.f9
https://doi.org/10.1001/jama.293.1.43
https://doi.org/10.1002/pdi.541
https://doi.org/10.1111/j.1464-5491.2006.01906.x
https://doi.org/10.1111/j.1464-5491.2007.02013.x
https://doi.org/10.1111/j.1464-5491.2007.02013.x
https://doi.org/10.2337/diacare.24.3.561
https://doi.org/10.1016/j.jacc.2015.07.050
https://doi.org/10.1161/01.cir.0000437740.48606.d1
https://doi.org/10.1016/j.cjca.2012.11.032
https://doi.org/10.1001/jama.2014.16658
https://doi.org/10.1001/jama.2011.1202
https://doi.org/10.1016/j.cardfail.2007.10.010
https://doi.org/10.1079/PHN2002337
https://doi.org/10.1093/ajcn/59.6.1286
https://doi.org/10.1038/oby.2005.143
https://doi.org/10.1093/ajcn/65.4.1203S
https://doi.org/10.1016/S0002-8223(01)00109-2
https://doi.org/10.1016/S0002-8223(01)00109-2
http://health.gov/dietaryguidelines/2015–scientific-report/
http://health.gov/dietaryguidelines/2015–scientific-report/
https://doi.org/10.1001/jamainternmed.2014.3422

	Ramadan-specific nutrition education improves cardio-metabolic health and inflammation—a prospective nutrition intervention study from Pakistan
	Background
	Materials and methods
	Recruitment of study participants
	Inclusion and exclusion criteria
	Intervention
	Data collection
	Dietary data
	Anthropometric measurements
	Assessment of body composition
	Blood pressure measurement
	Blood sampling and analysis
	Nutrition education strategy
	Procedure for nutrition education
	Assessment of adherence to nutrition education
	Nutrition education impact assessment
	Ethical consideration
	Statistical analysis

	Results
	Adherence to nutrition education

	Effect of nutrition education
	Primary outcome
	Dietary adherence to the PDGN score

	Secondary outcomes
	Changes in anthropometrics
	Changes in biochemical profiles
	Changes in cytokines/chemokines levels

	Discussion
	Major findings

	Conclusion
	Limitations
	Data availability statement
	Ethics statement
	Author contributions

	References

