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Abstract
Background: Dietary pattern such as energy restriction, abstinence from animal products and
consumption of vegetarian diet was seen in free living Ethiopian Orthodox followers. However, little is
known about its effect on appetite hormones, insulin sensitivities and β-cell function of diabetic patients
and healthy subjects.

Method

A prospective cohort study design was conducted from February 27 to April 30, 2019 among 46 healthy
subjects and 52 diabetic patients. Pretested structured questionnaire was used to collect socio-
demographic characteristics, physical activities and information about fasting regime. Measurements
were taken at two time points: at week 0 and week 8. ELISA analyzer were used for measuring hormones
activities. The presence of any changes from the baseline was evaluated using the t-test, and the
presence of any correlation was evaluated using multiple linear regression.

Results:

Vegan diet practice and energy restriction signi�cantly lower body weight (p=0.004/0.041) and BMI
(p=0.014/0.006), glucagon (p<0.0001, p=0.001), leptin (p=0.002, p=0.046 signi�cantly changed in
diabetic and healthy subject respectively. Insulin (p=0.002) increased signi�cantly in diabetic patients
while insulin (p=0.003) signi�cantly decreased in healthy subjects. The concentration of ghrelin
(p=0.030) increased signi�cantly in diabetic but insigni�cantly (p=0.135) in healthy subjects compared to
non-fasting. Insulin sensitivities and β-cell function signi�cant improved in diabetic patients.

Conclusion  

Simultaneous consumption of vegan diet and energy restriction in Lenten fasting improved body weight,
BMI, blood pressure, activities of appetite hormones, insulin sensitivities and β-cell function. As a result,
fasting practice is recommended as effective non-medicinal treatment option for prevention/treatment of
chronic diseases.  

Introduction
Disproportionate food intake and metabolism are often key indicators for the onset of chronic diseases
such as diabetes, heart disease and cancer (1). Different dietary patterns are practiced in all over the
world to minimize risk of chronic diseases. For example, consumption of vegetarian diets protect
occurrence of obesity, blood pressure (hypertension), diabetes, cardiovascular risk (2, 3) and
cardiovascular mortality (4–6) and enhance health (7, 8). Similarly, vegetarian diet (5) and/or calorie
restriction (9) are good dietary pattern that alters insulin sensitivity and signaling (10), neuroendocrine
function, stress response (9) and reduction of production of reactive oxygen species (ROS) as antiaging
effects (9, 11, 12), weight reduction, (4–6).



Page 3/19

However, Christian fasting practice is done by voluntarily abstinence of all food or selected abstention
from prohibited foods, drink or both for some determinate period of time (13, 14) and consumption of
vegan diets. For instance, according to the Eastern and Greek Orthodox Church dietary recommendations,
fasting require a periodic vegetarian diet including �sh and seafood but the consumption of foods of
animal origin, dairy products and olive oil are restricted while intake of seafood and snails is always
allowed (13–15), That means, intake of �ber and carbohydrate increased while protein and fats including
saturated fat and trans-fatty acid consumption appear to decrease. In other way, consumption of both
monounsaturated and polyunsaturated fat did not changed during fasting periods (16, 17). The same
dietary pattern were practiced in the Coptic Orthodox Christian dietary regulations are important
component of the mediterranean diet of Egypt which is close to the Greek Orthodox Christian (GOC) diets
but low in some of its constituents mainly olive oil and nuts. That means, there is no
ingesting/consumption of minimal amounts of animal food and caloric beverages for periods 12 hours
to three weeks (16).

Likewise, Ethiopian Orthodox Christians fast for about two-thirds of the year (~ 250 days); foods
consumed are derived from cereals, legumes, vegetables, green leafy vegetables and fruits and energy
restriction (18, 19). During Ethiopian Orthodox Christian fasting, energy restriction, minimum meal
frequency and prohibition of consumption of all animal products but promotion of consumption of
vegetarian and/or vegan diet is practiced. Therefore, the present study concerned with the effect of
dietary pattern on energy homeostasis, activities of appetite hormones, insulin sensitivities and β-cell
function among Ethiopian Orthodox healthy subjects and diabetic patients practicing religious fasting.

Methods
Study subjects and group allocation

A prospective longitudinal study design was conducted among, fasting and non-fasting healthy subjects
and diabetic patients (n=98) in Hawassa city administration, Sidama Regional State, Southern Ethiopia
from February 27/2019 to April 30/2019. The subjects were Orthodox Christian communities, with age
range of 30-50 years permanently living in the study area and had no plan of leaving before the
completion of the study. In addition, those diabetic patients who have only a good adherence towards
diabetes self-care practice were eligible for the study. The group allocation was done based on
an Ethiopian Orthodox church fasting principles and dietary pattern during Lenten fasting. Fasting
group (Case) have been rigorously experienced fasting for mean of 19 ± 15 years, and aiming to continue
to fast and adopt to use simultaneously vegan diet and energy restriction during study period. Whereas
those who have stopped fasting (fasted for 17 ± 10 years) before one year of study period and not willing
to continue fasting during study period as non-fasting group (control). However, pregnant mothers or
lactating mothers, and patients having chronic liver disease and or renal disease were excluded (Figure-
1).   

Sample size determination:
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The sample size required was calculated to allow comparisons between two groups for repeated
measurements (20-23). A total of 50 subjects were require per arm, assuming α = 0.05, power 0.85 a
medium effect size (µ1-µ2)/α = 0.5, correlation of repeated measures (ρ) =0.6 and two time points,
calculated using the following formula:

Where σ2 is the assumed common variance in the two groups, µ1-µ2 is the difference in means of the two
groups; n is the number of time points and ρ is the assumed correlation of the repeated measures.

Assessments and measurements for follow-up

A digital electronic sphygmomanometer (Omron, Healthcare, Japan) was used to measure blood pressure
after patients rested and completely stabilized for at least 5 min in the assessment room. Two readings
of BP was taken within 2-3 min differences to maintain the accuracy of measurement and lastly the
mean value was taken and documented to assess BP status. In addition, the third BP measurement was
taken, when the two measurements varied by 10 mmHg within 2-3 min differences in a single study
subject, and lastly the mean value of three measurements was taken to determine BP status.

Weight and height was measured when patients stood wearing light clothes and wearing no shoes.
A digital electronic Adult scale (ASTO) that contain both weight scale and height scale was used to
measure body weight to the nearest 0.1kilogram(kg), and height   to the nearest 0.1 centimeter (cm).
 Moreover, body mass index (BMI) was calculated as weight in kilogram divided by squared height in
meter.

Blood specimen collection and Laboratory diagnosis

About 4-5 milliliter of venous blood for prospective determination of serum appetite hormones. Blood
sample was collected after 12 hour overnight fasting in the morning (from 9:00 to 9:30Am). The
measurements were taken at two time points: at baseline (before start of fasting) and at last week of
fasting (end time) from each study participant using serum separator tube (SST)/EP-tube. Then, the
collected blood sample was allowed to form proper clot within 20-25 min at room temperature. Following
this, the samples were centrifuged at 2500-3000 rotation per minute (rpm) to separate serum from clot
and stored in aliquot at -80oC.

Sample transport

After collection of the blood sample, it was transported 275Km using ice pack. The analysis was done in
central molecular laboratory found in Ethiopian public health institute (EPHI) in Addis Ababa, Ethiopia.
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Hormone Measurements

Plasma hormone measurements were performed on blood samples in EDTA tubes that were centrifuged
for 15 minutes at 4°C after collection and stored at −80°C until assayed. Thawed samples were not
refrozen for other assay measurements. The appetite hormones like: insulin, glucagon and ghrelin were
measured using carcinoembryonic antigen (CEA) by enzyme-linked immunosorbent assay (ELISA)
immunoassay whereas leptin was measured using staphylococcal enterotoxin A (SEA) by enzyme-linked
immunosorbent assay (ELISA) immunoassay. The analysis was done according to the manufacturer’s
instruction (Cloud-Clone Corp., CCC, Research, WB; IHC; ICC; IP.) (24, 25). The minimum detectable limit
insulin was 25.3pg/mL and intra- and inter-assay coe�cients of variation were 3.0% and 8.7%. Minimum
detectable limits glucagon was 20 pg/mL and intra- and inter-assay coe�cients of variance was 4.3%
and 7.1%. The minimum detectable limit of ghrelin was 20pg/mL and intra- and inter-assay coe�cients
of variance were 6.7% and 12.1%. The minimum detectable dose of leptin was less than 0.054ng/mL and
intra and inter-assay coe�cient was <10% and <12%. 

De�nitions

Socio-demographic and lifestyle factors 

Standardized questionnaire was used to collect comprehensive information about socio-demographic
condition, the number of years that participant fast, medical history and substance used by participants. 

Alcohol consumption and smoking status were de�ned as subjects who had consumed any alcoholic
beverage ≥1 times/week, and those who had smoked ≥10 cigarettes/week, during fasting season (26). 

Physical activities also de�ned by participants who exercised three or more times/week for >30 min
categorized as physically active (PA), 2times/week as medium PA, 1times/week as less PA and no
physical activities/week as sedentary (27). 

Insulin resistance was calculated using the homeostasis model assessment for insulin resistance, HOMA-
IR (28, 29).    

Appetite was evaluated by using VASs for hunger, fullness, desire to eat, and prospective food
consumption (30).

Outcome Measurements



Page 6/19

Body weight, BMI, blood pressure (SBP and DBP), activities of appetite hormones and HOMA-IR were
assessed between baseline of fasting (week 0) and endline (last week of fasting). For each variable and
study participants at each point, we calculated the change as value at last week of fasting minus value at
baseline (week 0) divided by concentration at baseline, times 100 (31). 

Data quality control  

The questionnaires were pretested, translated and back-translated from English to Amharic to ensure the
accuracy of the translation. The completion of questionnaire was frequently checked. The principal
investigator gave three-day training and did close supervised of data collection. Data collection was done
by trained clinical nurses; while blood sample collection and laboratory analysis was managed by
laboratory technologists. In addition, at the initial day of contact, patients have got detailed information
about the study and its protocol. In the study baseline and end time, blood samples were drawn from
those who come only with overnight fasting. 

Ethics

The protocol and the questionnaires were reviewed and cleared by the ethical review board of Natural and
Computational Science of Addis Ababa University, Ethiopia (IRB/035/2018). The nature of the study was
fully explained to the study participant and written consent was obtained from each participant prior the
study. 

Statistical analyses 

The data, the optical density (OD) of appetite hormones of ELISA analyzer results, was visually checked
for consistency, completeness and changed into concentration of hormones using linear �tting method of
origin 8.0 version. The concentration of hormones statistically processed with IBM SPSS Statistics 23.
Using Shapiron-Wilk test, normality of the mean distribution was checked. Data was summarized as
mean (percent change), mean ± SD, or n (%) for continues variable were used. Furthermore, Chi-square,
Fischer’s exact test used for different categorical data and student’s t-test was used to estimate of
variances in means of study groups and multiple linear regression was used to determine the correlation
between independent and outcome variables. Finally, a p-values < 0.05 was considered as statistical
signi�cance at 95% con�dence interval (CI). 

Results

General characteristics and lifestyle factors of study
participants
A total of 98 subjects completed the study. Out of these, 52 previously diagnosed as known diabetic + 
hypertension (27 fasting and 25 non-fasting) patients and 46 healthy (24 fasting and 22 non-fasting)
completed the study and considered in statistical analysis. The life style of diabetic patients leading
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sedentary, less physically active, moderate physically active and highly physical activity were 40.38% (n = 
21), 36.54% (n = 19), 23.08% (n = 12) and 3.83% (n = 2) respectively. The proportions of healthy
participants who led sedentary, less physically active, moderate physically active and highly physical
activity were 19.56% (n = 9), 26.9% (n = 12), 46.65% (n = 21) and 4.35% (n = 2) respectively.

All diabetic patients had been previously diagnosed as diabetic + hypertensive according to the pretested
and structured questionnaires and medical records. Healthy participants had no any recorded
abnormalities. Both diabetic patients and healthy subjects in fasting group fast more than �ve years
while non-fasting group in both diabetic and healthy subjects stopped fasting one year prior to the
commencement of the study.

During fasting season, none of participants (diabetic patients and healthy subjects), smoke cigarettes,
drank alcohol and chew chat. All study groups (diabetic patients and healthy subjects) dietary habits
depends on vegetarian (25.9%), pulses (7.4%); vegetables, fruit and pulses (66.7%); some consume �sh.
In contrast, all fasting healthy subjects and diabetic patients avoid/prohibit consumption of animal
products.

Baseline characteristics of the study participants
The mean age of fasting diabetic patients (n = 27) was 42.22 ±  4.73, mean age of fasting healthy
subjects (n = 24) was 33.79 ±  6.57, while non-fasting diabetic patients (n = 25) was 41.32 ±  4.42 (p > 
0.05) non-fasting healthy subjects (n = 22) was 37.55 ±  6.72 (p > 0.05). At baseline, there were no
noticeable difference between the fasting and non-fasting group in socio-demographic characteristics,
appetite hormones activities, body weight and blood pressure among diabetic patients and healthy
subjects (Table-1 and 2).

According to the visual analog scale, 13.46% had no feeling for food, 36.54% of participant had feeling of
food in the �rst 120 minutes after feeding, and 1.9% had high feeling for food or hunger in diabetic
patients (Figure-2). Whereas 39.13% had no feeling for food, 10.86% of participant had feeling of food in
the �rst 120 minutes after feeding, and 2.17% had high feeling for food or hunger.

Changes in body weight, BMI, blood pressure and Appetite hormones for diabetic patients.

We found changes body weight, BMI and activities of appetite hormones like glucagon, ghrelin, insulin
and leptin but a small alteration in SBP and DBP. Body weight (95% CI: -0.76 to − .16), p = 0.004) and BMI
(95% CI: -0.32 to -0.04, p = 0.014). Thus, Orthodox Christian fasting (interventions) facilitate weight loss
primarily by decreasing appetite rather than by increasing energy expenditure.

When diabetic patients in the fasting group were compared to those in the non-fasting group, there was a
signi�cant decrease in the concentration of the appetite-stimulating hormones glucagon (95% CI: -86.36
to -38.11, p < 0.0001), leptin (95% CI: -0.26 to -0.07, p = 0.001) but signi�cant increase in insulin (95% CI:
9.46 to 41.73, p = 0.002), and ghrelin by (95% CI: 0.16 to 3.02, p = 0.003) (Table-2).
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Changes in body weight, BMI, blood pressure and Appetite hormones for healthy subjects.

We noticed changes the fasting groups in body weight, BMI and activities of appetite hormones like
glucagon, insulin and leptin except ghrelin, SBP and DBP. When fasting group compared to non-fasting
group, there were signi�cant decrease in body weight (95% CI: -0.66 to -0.012, p = 0.041), and BMI (95% CI:
-0.24 to -0.04, p = 0.006) but insigni�cant decrease in SBP (95% CI: -2.54 to 4.49, p = 0.579) and DBP (95%
CI: -0.98 to 14.7, p = 0.085). The concentration of glucagon (95% CI: -63.39 to -18.58, p = 0.001), insulin
(95% CI: -8.19 to 37.57, p = 0.003), leptin (95% CI: -0.17 to -0.002, p = 0.046) signi�cantly decreased but
ghrelin increased insigni�cantly (95% CI: -0.02 to 0.18, p = 0.135) in healthy subjects (Table-3).

According to the VAS, the suppresion of appetite in healthy subjects is better than diabetic patients. That
means diabetic subjects feel hunger than healthy subjects (Figure-2). After fastig, the ratio leptin to
ghrelin decreased in both fasting diabetic patients and healthy subjects (Figure-3). The decreases in
healthy subjects is by 1.38 while diabetic subjects is by 2.73 this ratio concide with the to VAS.

At baseline, there were minor difference in insulin sensitivity and β-cell function of both fasting and non-
fasting diabetic patients. After Lenten fasting, the insulin sensitivity of fasting group increased whereas
non-fasting group decreased (Figure-4). Mean percent change of baseline and last week value was
signi�cant (p = 0.014) when fasting diabetic patients were compared to non-fasting diabetic patients.

The multiple linear regression showed signi�cant effect of gender and uric acid on level of leptin. Other
predictors showed change but not signi�cantly (Table-4).

Discussion
This study compared the changes in body weight, blood pressure, concentration of appetite hormones in
diabetic and healthy fasters (study group) with diabetic and healthy non-fasters (controls) of Ethiopian
Orthodox Church communities.

At baseline (before starting of fasting), there were no differences in values of body weight, blood pressure
and activities of appetite hormones among diabetic and healthy fasting and non-fasting groups at 95%
CI of the difference when fasting groups compared to non-fasting groups. Both groups were similar with
age, sex distribution and geographical location.

Ethiopian Orthodox Church fasting practice was based on abstinence from animal source foods and
energy restriction while solely utilization of vegan diets (i.e. simultaneous energy restriction and
utilization of vegan diets). During this period, participants consume only plant-based diets such as whole
grains, cereals, green leafy vegetables, legumes, peas, beans, fruits (18, 19). After fasting, last week of
fasting, we found lowering of mean body weight and BMI in diabetic patients and healthy subjects.
Previously, consistent evidence to our results suggesting a high intake of fruit favors weight loss and BMI
(32, 33). Clinical studies have shown increasing the daily consumption of fruit is inversely correlated to
weight gain (34). Furthermore, it has been demonstrated that eating whole fruit contributes to a reduced
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risk of long-term weight gain in adults by reducing the total energy intake (35) and body weight
management (36). Similarly, signi�cant reduction in weight, BMI, and percentage of fat was seen in slim
and obese participant during Ramadan fasting (37).

Moreover, according to visual analog scale (VAS), fasting affected condition of fullness, desire to eat and
hunger of study subjects (diabetic patients and healthy subjects) to different extent in the �rst 120
minutes after feeding. We found contradicting results to previous studies of visual analog scale (VAS)
analysis in the �rst 120 minute following meal. It revealed signi�cant increase in fullness and moderate
reduction in feeling of hunger (38–41).

Analysis of HOMA (IR) value showed signi�cant decline. Several studies supported our �nding. For
instance, groups with vegan diet and lacto-ovo-vegetarian diet were adversely associated with HOMA-IR
when compared to omnivores after adjusting to all covariates (42). Similarly, plant-based vegan diet
patterns and decreased intake of animal protein with leucine and histidine drop in fat mass in turn
associated with reduction of insulin resistance (HOMA-IR) and increase insulin sensitivities (43). Thus,
vegan diet high in �ber, low in saturated fat amplify the insulin-sensitizing and β-cell function by down-
regulating insulin production (33, 44, 45).

Likewise, in diabetic patients, serum concentration of glucagon and leptin signi�cantly decreased but
concentration of ghrelin and insulin signi�cantly increased. Whereas serum concentration of glucagon,
insulin and leptin decreased signi�cantly but concentration of ghrelin insigni�cantly increased healthy
subjects when fasting group compared to non-fasting groups.

Some previous studies to found vegetarian diets lower serum insulin level and leptin compared to general
diet group (33, 46, 47). In addition, vegetarian based diet signi�cantly decreased serum insulin and leptin
compared to non-vegetarians (33). According to analysis of insulin status and leptin activities on insulin
resistant patients, the legume enriched-low glycemic and healthy American diet decreased insulin and
leptin concentration (45). Studies with a legume-rich low glycemic index diet and energy restriction may
be a bene�cial strategy for reducing circulating leptin concentrations (45, 48). Majority of above studies
contradicting our results in the level of insulin but both agreed to level of leptin in fasting diabetic
patients compared to non-fasting diabetic patients.

Additionally, our �nding on insulin and leptin were consistent with different fasting regimes. For example,
following continues 72 hour-fasting, plasma insulin dropped by half (49). Likewise, humans, intermittent
fasting decreased plasma insulin levels and improved insulin sensitivity. Alternate day fasting (ADF) for
22 days considerably suppressed insulin secretion by 50% (50). Blood insulin levels and insulin
resistance were signi�cantly reduced.in studies employing 5:2 diets for 3 or 6 months. Although the two
diets induced comparable weight loss, these changes were greater than those induced by caloric
restriction (CR) (51). Similarly, in males with obesity, Ramadan intermittent fasting (52), showed
signi�cant pre-to-post improvements were observed in leptin, glucagon-like peptide-1 (GLP-1),
cholecystokinin (CCK), and ghrelin (53).
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In line with other studies, our results showed the activities of ghrelin was higher among fasting diabetic
patients and healthy subjects when fasting group was compared to non-fasting group (54, 55). Reduced-
energy regimen and vegetarian pattern favors in increased plasma concentration of ghrelin (48).

Moreover, ghrelin and leptin exhibit opposing effects on energy homeostasis. Ghrelin, potent and fast
appetite stimulant, improves energy balance by reducing glucose and fat oxidation and increasing energy
storage (56). Leptin, as contrary to ghrelin, promotes suppression of appetite and increased energy use
and is associated with long-term energy balance (57). Therefore, both ghrelin and leptin in�uence insulin
sensitivity and glucose homeostasis (58), while insulin plays a role in regulating body weight through its
down-regulating effects on plasma ghrelin concentrations (59).

Our �nding contradict the theory; lower meal frequency with reduced-energy regimen leading to reduced
hunger and associated with decreased plasma concentrations of gastro-intestinal hormones and appetite
hormones (48). Additionally, �nding in Ramadan fasting has no effect on the change activities of
appetite hormone (hunger-fullness cycle) (37). Similar to this, there was no signi�cant difference in three
periods (Baseline, during and after Ramadan) in plasma level of leptin and ghrelin (52).

Moreover, our �nding in both diabetic patients and healthy subjects, the ratio of leptin to ghrelin
decreased after Lenten fasting. Similar to our results, previous study found increased ghrelin to leptin
ratio correlated with increased hunger and appetite (60). We found out decreased leptin to ghrelin ratio
(opposite of ghrelin to leptin ratio) that increased hunger and stimulate appetite. The studies that
analyzed the leptin/ghrelin ratio were focused on the relationship with child obesity (61) and resting
metabolic rate, considered as a possible biomarker for predicting metabolic adaptations to energy
restriction treatment (62), and as a non-invasive tool for the discrimination of patients with obesity who
are more likely to regain weight after therapy for obesity (63).

Conclusion
In summary, feeding behavior and frequent (consumption of vegetarian diet and energy restriction)
practiced among Ethiopia orthodox may improve body weight managements, activities of appetite
hormones, increase insulin sensitivity and β-cell function (HOMA-IR) in both diabetic patients and healthy
subjects. The present �ndings suggested that Ethiopian orthodox fasting practice was better non-
medicinal strategy/option in prevention or treatment of chronic diseases. In future, a large and well-
designed randomized controlled trials would be carried to identify clinical features in order to avoid or
mitigate the detrimental consequences of chronic diseases.
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Figure 1

Flow chart of the study participants’ enrollment throughout the study
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Figure 2

Appetite rating or visual analog scales (VAS) in the �rst 120 minutes after feeding of diabetic patients
and healthy people during fasting. 
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Figure 3

The ratio of Leptin and Ghrelin for DM and healthy subjects of before and after fasting
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Figure 4

Homeostatic model assessment (HOMA) index for insulin sensitivity and β-cell function in diabetic
patients.
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