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Abstract

Background: As in many developing countries, the prevalence of cardiovascular diseases
(CVDs) in Ethiopia has been increasing dramatically. Unhealthy changes in the dietary patter are
among the responsible factors for the rise. Religious beliefs play a significant part in shaping
those behaviors; however, there is no study conducted on the role Ethiopian Orthodox
Christians’ fasting practice in relation to biochemical indicators for CVD risk factors and

anthropometric indices.

Objective: To assess the effects of Ethiopian Orthodox Christians’ Easter fasting on the
anthropometric indices and biochemical risk factors for cardiovascular diseases.

Methodology: Before and after study design having controls was used among 88 voluntarily
selected participants from eligible population and followed over Easter fasting period in two
groups; those who fast (fasting group) and do not fast (control group). Participants were
measured for serum lipid profiles and anthropometric indices before the beginning and at the end
of Easter fasting. Paired t-test was used for comparison of baseline and endline measurements in
each group. Besides, independent sample t-test was used for comparison of differences between

groups.

Results: In comparison to controls, fasters showed significant mean reduction at the end of
fasting; 11% in total cholesterol, 20% in LDL-C, 11% in TG, 21% in LDL/HDL ratio, 12% in
TC/HDL ratio, and 7% in blood glucose concentrations. Similarly, significant reductions in the
anthropometric measurements were observed (p < 0.001); 2% in body weight, BMI and waist to
hip ratio whereas, waist circumference was reduced by 3%. However, there was no statistically

significant change observed in lipid profiles among control group.

Conclusion: Periodic abstinence from animal source foods during the Ethiopian Orthodox
Christians’ Easter fasting period and shifts to calorie restricted vegetarians’ diet style by fasters
in this study attributed to the observed biochemical and body measurement changes highlighting
that religious fasting has a substantial impact on health-related dietary behaviors.
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1. INTRODUCTION
1.1. Background

The global prevalence of chronic non-communicable diseases (NCDs) is on the rise, majority of
the growth occurring in developing countries. In sub Saharan Africa, NCDs are projected to
surpass infectious diseases by 2030 (1). Cardiovascular diseases (CVDs) are the leading causes
of morbidity and mortality worldwide, causing nearly one-third of all deaths worldwide (2).

Many sub-Saharan African countries are already experiencing lifestyle and behavioral changes
which are responsible for substantial increases in the prevalence of intermediate CVDs risk
factors including hypertension and obesity (3). The prevalence of CVDs in Ethiopia has been
increasing dramatically (4-5). According to a cross-sectional survey conducted in the mid 1990s
in Addis Ababa, only 0.7% of men and 6% of women were obese, and 7.1% of the study
population had elevated blood pressure (4). However, in 2008 a community-based study in Addis
Ababa showed that 20% of men and 38% of women were overweight and 10.8% of these women
were obese. In addition, 31.5% of men and 28.9% of women had high blood pressure (5).

Epidemiological transition attributed to increased urbanization, westernization, and economic
development has led to a nutritional transition characterized by a shift to consumption of higher
caloric diet and experiencing behavioral changes that are risk to health; such as physical
inactivity, and increased tobacco use. Such changes are more likely to have abnormal serum
lipids or cholesterol levels (3, 6), hyperglycemia, excess abdominal or body fat, and elevated

blood pressure which are contributory risk factors for cardiovascular diseases (1).

Religious beliefs play a significant part in shaping social behavior and they tend to influence the
way people live, the dietary choices they make (7). Study done by Belwal and Tafesse indicated
that religious factors affects the demand for food consumed during fasting by the
Ethiopian Orthodox Christians (8). Periodic abstention from animal source foods is associated
with a better insulin sensitivity, lower levels of serum lipids and blood pressure in subjects at risk
indicating that the beneficial effect of such diet for the cardiovascular system (9). Orthodox
Christian diet is periodically interchanging to a low fat diet (10).



Fasting or the voluntary abstention from all restricted foods is a feature of many religions and the
putative health benefits have attracted both scientific and popular interest. Commonly, religious
doctrines proscribe foods from animal sources permanently or for particular periods (11).
Different cultural and religious groups and the extent to which they adhere to culturally-based
dietary instructions, has influences on food habits, nutritional adequacy, and overall health.
However, a relatively small proportion of research studies conducted to date have explored the
effect of religious fasting (12). Among religions those have been studied regarding their relation
to health, Judaism (13-14), Islam (15-18), Seventh-Day-Adventists (19-20), and Greek Orthodox
Christians (11). Unlike the Greek, Ethiopian Orthodox Christians (EOC) in addition to animal
source foods proscription, calorie restriction has also been practiced by most of the fasters;
however, to the best of the researcher’s knowledge, there is no study conducted on the role
Ethiopian Orthodox Christians’ fasting practice in relation to biochemical indicators for CVD

risk factors and anthropometric indices.

This study assesses the effects of Ethiopian Orthodox Christians Easter fasting on serum lipids

profile and on the anthropometric indices of obesity.



1.2. Statement of the Problem

Cardiovascular diseases are the leading causes of morbidity and mortality worldwide (2). Within
two decades the prevalence of CVDs in Ethiopia has increased dramatically (3). Unhealthy
dietary behaviors like consumption of calorie-dense foods are among the responsible risk factors
for the increased prevalence of cardiovascular diseases (1). Unlike the Greek, Ethiopian
Orthodox Christians (EOC) in addition to animal source foods proscription, calorie restriction
has also been practiced by most of the fasters and the duration of Easter fasting period is
prolonged by one week; however, to the best of the researcher’s knowledge, there is no study
conducted on the role Ethiopian Orthodox Christians’ fasting practice in relation to biochemical
indicators for CVD risk factors and anthropometric indices (21-22).

To date, only very few investigations have examined the health-related effects of these fasting
periods. Those few studies in Greek again presented conflicting findings on blood pressure (23-
24), similar inconsistent findings on lipid profile, blood glucose levels and anthropometric
measurements (23-25) that additionally highlights more work remains to be performed.

1.3. Significance of the Study

Most religions have long established fasting periods that convey religious identity; however, the
importance of dietary rules and the degree to which they are observed by followers vary
considerably over time, often in response to a changing environment and hence, it is important to
investigate and document the role of religious fasting with respect to health. Moreover, the study
being the first in the country, findings will provide baseline data for elucidating the effect of
Ethiopian Orthodox Christians fasting on cardiovascular disease risk factors that will serve as
background information for further future studies.



2. LITERATURE REVIEW
2.1. Religion in Ethiopia

The 2007 National Population and Housing Census of Ethiopia (26) indicated that Orthodox
Christians form the largest religious group (43.5 %) followed by the Muslims (33.95 %),
Protestants (18.52 %), Catholics, traditional religion and others (4.03 %). Diet plays an integral
role in the religious customs of a variety of faiths. For many religions, this role is manifested in
the form of specialized fasting periods (22).

2.2. Fasting in Ethiopian Orthodox Christianity

Fasting is defined as a partial or total abstention from all foods, or a select abstention from
prohibited foods. Fasting has been the subject of numerous scientific investigations, the three
most commonly studied fasts are caloric restriction, alternate-day fasting, and dietary restriction
(22).

Ethiopian Orthodox Church has seven fasting periods to be observed by all believers and during
those periods, the believers are not allowed to eat any animal or dairy source foods unless
exempted from these fasts because of serious sickness, breastfeeding mothers, and children less
than seven years of age (27). Greek Orthodox Christians fast for a total of 180 - 200 days each
year (22), while Ethiopian Orthodox Christians fast for 250 days each year, of which about 180
are obligatory for all, and the rest are only for special groups in the church (priests, monks, and
nuns) and their main fasting periods are the Fast of Prophets (Tsome Nebiyat or Gena 40 days
prior to Christmas), the Great Lent (55 days prior to Easter), the fasting of Salivation (all
Wednesdays and Fridays, except for the fifty days after Easter) and the Assumption of the Virgin
Mary (Tsome Filseta, 15 days in August) (21).

The Great Lent or Abye Tsome, also called Hudade is the longest fasting period and the major
fast of the church. This Lent is observed as a remembrance of the 40 days and nights fasting of
Lord Jesus Christ after His baptism. Later the Ethiopian church added 15 more days to it and
made 55 days (21).



2.3. Religious Fasting and Anthropometric Measurements

Religious fasts are partaken primarily for spiritual purposes; they also have the potential to
greatly affect one's physical health. Regarding anthropometric outcomes, Greek Orthodox

Christian monks were observed to decrease significantly during fasting periods (22).

Anthropometric measures of adiposity such as body mass index (BMI), waist circumference
(WC), and waist-to-hip ratio (WHR) have been shown to correlate differently with CVD risk.
The risk of death from cardiovascular disease increases with excessive fat (28-32) and obesity is
shown to adversely affect cardiac function, increases the risk factors for coronary heart disease,
and is an independent risk factor for cardiovascular disease (33). Dyslipidemia, hypertension,
and other CVD risk factors are highly correlated with increasing BMI (34-35) and excessive
abdominal adiposity is also a strong independent predictor (36).

BMI is the most frequently used measure of adiposity in epidemiologic studies; however, some
investigators have reported that using BMI alone is not the most accurate measure of increased
CVD risk; instead, other studies argued that WC as a better predictors of future CVD risk (37-
38). Since BMI does not accurately reflect the degree of body fat and body fat distribution (39-
40). Abdominal fat measurement is advocated as a better indicator of (40). There is a large body
of evidence that suggests abdominal fat distribution measured by waist circumference (WC) may
be more closely tied to metabolic risks than BMI (41-41). To this effect, the US National
Institutes of Health has recommended combined measurements of WC and BMI as an
assessment tool for CVD risk (43). Thresholds of BMI in accordance with WHO protocol
(Undeweight: <18.5 kg/m?; Normal: 18.5-24.9 kg/m?; Overweight: 25.0-29.9 kg/m?; Obese >30
kg/m?). Abdominal obesity is explained by having a waist circumference of >94 ¢m for men and

>80 c¢cm for women (3).

Waist to hip ratio (i.e. the waist circumference divided by hip circumference) suggested as an
additional measure of body distribution. This ratio can be measured more precisely than skin fold
and it provides an index for both subcutaneous and intra abdominal adipose tissue. The cutoff
point for risk of metabolic complication, WHR >0.90 for males and >0.85 for females (44).



2.4. Lipids, Lipoproteins and Serum Lipid Levels

Lipids are characterized by their insolubility in water and include a family of compounds;
triglycerides, phospholipids, and sterols. Sterols are compounds with a multiple ring structure;

the most common sterol is cholesterol (45).

Cholesterol is an essential substance involved in many functions, such as maintaining cell
membranes where it is mainly incorporated in to the plasma membranes of cells and regulates
membrane fluidity conferring a higher degree of rigidity. Furthermore, it is the precursor for the
synthesis of fat soluble vitamins, all steroid hormones, bile acid and help cell connections in the
brain [46]. While in circulation, cholesterol, being a lipid, requires a transport vesicle to shield it
from the aqueous nature of plasma. Complex, micelle-like join up of various proteins and lipids
achieve cholesterol transport through the vascular system. These particles are known as

lipoproteins (46).

Lipoproteins are heterogeneous in size, shape, composition, function, and perhaps most
importantly, their contribution to vascular disease. All types of lipoproteins carry all classes of
lipids: triacylglycerides, cholesterol, phospholipids and amphipathic proteins called
apolipoproteins (46). Lipoproteins can be differentiated on the basis of their density, as depicted
in Figure 1, the degree of lipid in a lipoprotein affects its density—the lower the density of a
lipoprotein, the more lipid it contains relative to protein. The four major types of lipoproteins
are chylomicrons, very low-density lipoprotein (VLDL), low-density lipoprotein (LDL),
and high-density lipoprotein (HDL) (45-46).

Chylomicrons and VLDL: These two lipoproteins are rich in triglyceride. Chylomicrons are
synthesized by enterocytes from lipids absorbed in the small intestine and VLDL is synthesized
in the liver. Their function is to deliver energy-rich triacylglycerol (TAG) to cells in the body.
TAG is stripped from chylomicrons and VLDL through the action of lipoprotein lipase, an
enzyme that is found on the surface of endothelial cells. This enzyme digests the TAG to fatty
acids and monoglycerides, which can then diffuse into the cell to be oxidized, or in the case of an
adipose cell, to be re-synthesized into TAG and stored in the cell (45-46).



Figure 1: Compositions of lipoproteins. Source: Whitney and Rolfes, 2008 (45).

Low Density Lipoproteins (LDL): As VLDL particles are stripped of triacylglycerol, they
become denser and these particles are remodeled at the liver and transformed into LDL. The
function of LDL is to deliver cholesterol to cells, where it is used in membranes, or for the
synthesis of steroid hormones. Cells take up cholesterol by receptor-mediated endocytosis when
LDL binds to its receptor and internalized in an endocytic vesicle. Receptors are recycled to the
cell surface, while hydrolysis in an endolysosome releases cholesterol for use in the cell (6, 45-
46). High levels of LDL cholesterol (the so-called “bad cholesterol”) greatly increase the risk for
atherosclerosis because LDL particles contribute to the formation of atherosclerotic plaques (46).

High Density Lipoprotein (HDL): Excess cholesterol is eliminated from the body via the liver,
as excess cholesterol from cells is brought back to the liver by HDL in a process known
as reverse cholesterol transport. HDL is synthesized and secreted by the liver and it travels in the
circulation where it gathers cholesterol to form mature HDL, which then returns the cholesterol
to the liver via various pathways (6, 45). Cholesterol delivered to the liver via HDL enters the
bile acid synthesis pathway also known as the cholesterol catabolic pathway (46). Low HDL
levels ("good cholesterol™) are an independent risk factor, because reverse cholesterol transport



works to prevent plaque formation, or even cause regression of plaques once they have formed.
HDL may also have anti-inflammatory properties that help reduce the risk of atherosclerosis and
thereby promote vascular health (46).

Liver is central to the regulation of cholesterol levels in the body; the liver is not only
synthesizing cholesterol for export to other cells, but it also removes cholesterol from the body
by converting it to bile salts and putting it into the bile where it can be eliminated in the feces.
Furthermore, the liver synthesizes the various lipoproteins involved in transporting cholesterol
and lipids throughout the body. Cholesterol synthesis in hepatocytes is under negative feedback
regulation; increased cholesterol in the cell decreases the activity of 3-hydroxy-3-methyl
glutaryl-coenzyme A (HMG-CoA reductase), the rate-limiting enzyme in cholesterol synthesis
(45). When cholesterol levels rise in the blood, they can, however, have dangerous
consequences. Homeostasis of cholesterol is centered on the metabolism of lipoproteins, which
mediate transport of the lipid to and from tissues (46). Figure 2 below summarizes the fates of
lipoproteins produced by the liver.

Abnormal levels of these lipoproteins in blood are linked to increase risk of atherosclerosis.
Atherosclerosis is a cardiovascular disease in which lipids and inflammatory cells accumulate in
plaques within the walls of blood vessels. As a result, vessel walls are narrowed and clots may
form, impeding blood flow and oxygen delivery and causing tissue injury. Heart disease occurs
because the coronary arteries supplying the heart are a major site where atherosclerotic plaques
form. Although atherogenesis is a multifactorial process, abnormalities in lipoprotein metabolism
are one of the key factors, representing around 50% of the population-attributable risk of
developing cardiovascular disease (47).

Serum lipid profile is measured for cardiovascular risk prediction and has now become almost a
routine test including four basic parameters: total cholesterol (TC), high density lipoproteins
(HDL) cholesterol, low density lipoproteins (LDL) cholesterol and triglycerides (48). However,
lipoproteins ratios, TC/HDL cholesterol and LDL/HDL cholesterol, are being used as risk
indicators with greater predictive value than isolated parameters used independently, particularly
the former. These two indices can be regarded as similar; since two thirds of plasma cholesterol

is found in LDL, total and LDL cholesterol are closely correlated. Moreover, an increased in the
8



level of the denominator, HDL cholesterol is more prevalently associated with plaque regression,
while a decrease in LDL cholesterol would slow down progression. Both predict greater
cardiovascular risk for a wide range of cholesterol concentrations. However, when there is no
reliable determination of LDL cholesterol, as in cases of hypertriglyceridemia, it is preferable to
use the total/HDL cholesterol ratio (47).

excess cholestero

from cells

» + Cholesterol
to cells

VLDL~ ), < ). #* uptake via receptor

mediated endocytosis

(lipoprotein lipase)
chylomicrons
TAG to cells

(from enterocytes)

Figure 2: Summary of the fates of lipoproteins produced by the liver: VLDL and chylomicrons
(pink  pathway); LDL (blue pathway); and HDL (green pathway). Source:
http://courses.washington.edu/conj/bess/cholesterol/liver.ntml [Accessed on September 14,
2015]

In the presence of infection or inflammation, the level of total cholesterol and HDL decreases
and triglyceride level increases (49) whereas the ratio of total cholesterol to HDL (TC/HDL)
remains relatively stable (48). This ratio may therefore serve as a more reliable measure of serum
lipid level (50). Individuals with a high TC/HDL or LDL/HDL ratio have greater cardiovascular
risk owing to the imbalance between the cholesterol carried by atherogenic and protective
lipoproteins; this may be due to an increase in the atherogenic component contained in the
numerator, a decrease in the anti-atherosclerotic trait of the denominator, or both. TC/HDL ratio
is a more sensitive and specific index of cardiovascular risk than total cholesterol; for this reason,
the ratio is also known as atherogenic or Castelli index (47).



Lipid profile measurement is usually done in fasting blood specimen, fasting refers to 12-14 h
overnight complete dietary restriction with the exception of water and medication. This may hold
true due to two main reasons: the first being postprandial triglycerides remain elevated for
several hours (51), and secondly, most reference values for serum lipids are established on
fasting blood specimen (48).

Desirable blood lipid profiles are total cholesterol <200mg/dL, LDL cholesterol <100mg/dL,
HDL cholesterol >60mg/dL, and triglycrides <150mg/dL. Low HDL-C was defined to be <40
mg/dL in men and <50 mg/dL in women (3, 45, 52). Lipoprotein ratios therapeutic target cut-off
values are < 3.7 for LDL/HDL cholesterol and < 5 for TC/HDL cholesterol ratio (47).

2.5. Cardiovascular Disease Risk Factors

Cardiovascular diseases cause nearly one-third of all deaths worldwide and risk factors such as
elevated cholesterol levels, hypertension, elevated glucose level, obesity or being overweight,
socioeconomic status and behavioral risk factors like cigarette smoking, physical inactivity,
unhealthy diets, alcohol and Khat consumption are among the major risk factors (2, 28-31).

2.5.1. Blood sugar and blood pressure levels as risk factors for CVD

Cardiovascular diseases due to hypertension and diabetes mellitus or elevated glucose level are
among the top causes [31]. Hypertension is a growing public health problem, with remarkable
contribution to cardiovascular diseases morbidity (53) and it is major risk factor of causing heart
attack (54).

Cardiovascular complications are now the leading causes of diabetes-related morbidity and
mortality. The public health impact of cardiovascular disease in patients with diabetes is already
enormous and is increasing. The adverse influence of diabetes extends to all components of the
cardiovascular system: the microvasculature, the larger arteries, and the heart, as well as the
kidneys (55). Cut off values with mean systolic blood pressure (SBP) > 140 mmHg (millimeters
of mercury) or diastolic blood pressure (DBP) > 90 mmHg are considered to be hypertensive,
while fasting blood sugar level >110mg/dL are considered as hyperglycemic (56).

10



2.5.2. Obesity, socioeconomic status, and dietary risk factors for CVDs

Rapid lifestyle changes fast food, obesity, and lower socioeconomic status are major factors in
the development of CVD (67).

Obesity: Obese individuals are more likely to have elevated total cholesterol, triglycerides, low
density lipoprotein (LDL) cholesterol and decreased high density lipoprotein (HDL)
cholesterol. These metabolic profiles are most often seen in obese people with a high
accumulation of intra-abdominal fat and have consistently been related to an increased risk of
coronary heart disease (CHD). With weight loss, the levels of triglycerides can be expected to
improve. A 10 kg weight loss can produce a 15% decrease in LDL cholesterol levels and an 8%
increase in HDL cholesterol (6, 54).

Dietary Factors: A healthy diet can contribute to a healthy body weight, a desirable lipid profile
and a desirable blood pressure (57). High dietary intakes of saturated fat, trans-fats and low
intake of fruits, vegetables and fish are linked to cardiovascular risk. Moreover, frequent
consumption of high-energy foods, such as processed foods that are high in fats and sugars,
promotes obesity compared to low-energy foods (57). Elimination of trans-fat and replacement

of saturated with polyunsaturated vegetable oils lowers the risk of CVD (54, 57).

Adherence to plant based diet is modestly associated with a better insulin sensitivity, lower
levels of total cholesterol and lower levels of systolic blood pressure in overweight and obese
subjects. This may suggest that compared to general population, the beneficial effect of this diet
in cardiovascular system of excess body weight people is limited (9). Greek Orthodox Christian
(GOC) diet is periodically interchanging to a vegetarian-type diet and shares all the features of
the plant based or Mediterranean diet (12).

Socioeconomic Status: Socioeconomic status (SES) indicators are usually measured by
determining education, income, wealth index, occupation, marital, social status and
neighborhood environment or a composite of these indicators which are an important contributor
to one’s health (28, 58). In recent years, as cardiovascular disease (CVD) has emerged as a
leading cause of death in developing countries, it is important to identify and target people who

are at risk given that a third of all deaths are expected to be due to CVD by 2020 (58).
11



Studies have shown socio-economic status and risk factors for CVD vary with the country’s
social and economic development. In developed countries, the association between socio-
economic status and CVD risk factors is negative, with a higher prevalence of CVD risk factors
among people of lower SES (59-61). However, the evidence from developing countries has been
inconsistent (62-65).

CVD has been described as a marker of modernization and social affluence and can mirror a
society's stage of economic development (28); nutrition transition is predicted to lead to
changing relationships between SES and CVD risk. The nutrition transition is defined as changes
in dietary intake patterns because of the adoption of ‘modern’ lifestyles due to social and
economic development. As a consequence, disease patterns initially shift towards nutrition-
related chronic diseases like CVD. In the early stages of such a transition, risk factors tend to be
concentrated among the high SES groups and urban dwellers, which have earlier access to these
‘modern’ lifestyles (66). Experience in high-income settings has shown that as the transition
progresses, people of higher SES start to change their behavior and adopt healthier lifestyles,
probably due to multiple factors (greater awareness, greater self-efficacy, better access to healthy
diets), leading to a lowering of their risk, while the burden of disease shifts to lower SES groups
(58).

Education reflects degree of knowledge and skill, along with the ability to attract material wealth
(58). Higher levels of education may positively affect health by allowing the person to gather the
necessary skills and assets required to insulate them from adverse factors or to reduce exposure
to negative influences on health, adopting positive health behavior and having access to
preventive health services (67). Several studies, including Tadesco et al (67) have demonstrated
that the relationship between education and hypertension, cigarette smoking and high cholesterol
have generally found a negative association. However, the study done by Yu et al (28) have
shown that better educational level did not seem to be able to prevent the worsening of the risk
factors (like smoking) in those highly educated people even though educated people still
consistently had the lowest levels of risk factors (28, 67).
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Income reflects current economic or materialistic welfare; the study by Samuel et al (58) used
wealth index, which is based on asset ownership, could be considered an indicator of long-term
economic status, as household assets are unlikely to change in response to short-term economic
shocks. Unlike educational status, income status and risk for developing CVD is less consistent
as it vary significantly with the levels of country’s social and economic development.

2.5.3. Behavioral Risk Factors

Regular physical activity would help to control the growing danger of obesity and co-morbidities
of metabolic syndrome (68). Cigarette smoking influences cardiovascular system because of
carbon monoxide and nicotine leading to a reduction in myocardial oxygen intake (69).
Cardiovascular diseases typically occur in middle age or later, however lifestyle behaviors are
learned in early life and maintained throughout adulthood (69). Among other behavioural risk
factors, regular khat consumption (53) and alcohol consumption (70) shown to give rise to CVD

conditions.

Khat consumption: Among the behavioral risk factors, khat consumption, where Khat or chat is
a natural stimulant with amphetamine-like effects which is commonly used for social recreation
in Ethiopia. Regular chewing of Khat is associated with elevated mean diastolic blood pressure,
which may have sustained effects on the cardiovascular system that can contribute to elevated
blood pressure at the population level (53). Regular and repeated intake of Khat has recently
been reported to be associated with increased risk of acute myocardial infarction (71) and high
blood pressure (72-73).

Cigarette smoking: Smoking is a major risk factor for atherosclerotic cardiovascular diseases
through leading to abnormal levels of lipids in the blood (74); in comparison to non-smokers,
cigarettes smokers had significantly higher TC (3%), TG (9.1%), VLDL (10.4%), LDL (1.7%),
and lower concentrations of HDL (—5.7%) (75). Moreover, a dose-response relationship was
found between the number of cigarettes smoked and the change in lipid or lipoprotein
variable (75). In addition, smoking causes an acute increase in arterial stiffness and associated
with greater endothelial dysfunction which results in high blood pressure (76) which is resulted

because of smoking, through its basic ingredients nicotine and carbon monoxide, increases
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circulating free radicals that pose oxidative stress and the development of arteriosclerosis (74). In
persons with CHD, smoking cessation reduces coronary event rate by about 50% within one to
two years of stopping; in addition, cessation has a benefit of 5-10% increase in HDL-C (30).

Alcohol intake: Studies have indicated that moderate alcohol drinkers have a lower risk of heart
disease than abstainers (77). Light-to-moderate alcohol consumption in healthy men and women
is associated with enhanced insulin-mediated glucose uptake, lower plasma glucose and higher
HDL-cholesterol concentration with a modest 5-15%. These changes contribute to coronary

protective effect of moderate alcohol intake (30, 78).

Moderate consumption of alcohol defined by U.S. Dietary Guidelines as up to two standard
drinks a day for men and one for women has been associated with a reduced risk of coronary
heart disease (77). Women appear to incur greater risks for overall mortality at greater than 1
standard drink per day while men appear to have the greatest benefit at 2 standard drinks per day
(79). Despite countries have different national guidelines in the amount of standard drink, most
countries national guidelines set around 20g pure alcohol which comply with the WHO low risk
responsible drinking guideline (80-81).

The WHO uses four risk drinking groups founded on epidemiological evidence (82-83). The first
group refers to abstainers; the second are grouped under category I, which indicates drinkers at
low risk (below 20g of pure alcohol daily for women and 40g for men). The third, category Il
consists of alcohol use at risk for health (>20-40g for women and >40-60g for men). Category Il1
consists of alcohol consumption that is already causing harm to the drinker, who may also have
symptoms of dependence (>40g for women and >60g for men).

Physical activity: it can help people achieve a variety of goals, including increased cardio-
respiratory fitness, increased strength, improved glycemic control, decreased insulin resistance,
improved lipid profile, blood pressure reduction and maintenance of weight loss [84]. Physical
activity or exercise can be broadly classified in to three types: aerobic exercise is physical
activity, such as walking, bicycling or jogging that involves continuous, rhythmic movements of
large muscle groups; resistance exercise is physical activity involving brief repetitive exercises

with weights, weight machines, resistance bands or one’s own body weight (e.g. pushups) to
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increase muscle strength and/or endurance; flexibility exercise is a form of activity, such as
lower back or hamstring stretching that enhances the ability of joints to move through their full
range of motion; and some types of exercise, such as yoga, can incorporate elements of both
resistance and flexibility exercise (84).

There is strong and consistent evidence that regular aerobic exercise alone or combined with
resistance exercise reduce triglycerides, increase high-density lipoprotein cholesterol (HDL-C),
reduce blood pressure, waist circumference and improve insulin sensitivity and glucose
homeostasis (30, 85-86) and thereby contributes to the prevention of several chronic diseases and
reduced risk of premature death (87); however, exercise alone has little effect on LDL-C level
(30).

Moderate intensity exercise, including walking at a moderately brisk pace, done regularly (30
minutes 3-5 times a week) shown to raise HDL-C (30). However, for patients with cardiac
ischemia and angina, exercise must be tailored to the degree of disease and should be done at
levels that do not aggravate the condition (30).

2.5.4. Biological, Genetic and Environmental Risk factors for CVDs

These risk factors include age, sex, family history/heredity or defect in gene and environmental
factors. Unlike the modifiable risk factors, these risk factors cannot be changed; however, people
in these risk categories should receive early screening and regular check-ups (88).

Age: Cardiovascular disease becomes increasingly common with advancing age; as a person gets
older, the heart undergoes subtle physiologic changes, even in the absence of disease. The heart
muscle of the aged heart may relax less completely between beats, and as a result, the pumping
chambers become stiffer and may work less efficiently. About 80% of heart disease deaths occur
in people aged 65 or older (54).
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Sex: Men of younger age are more vulnerable to attacks than pre-menopausal women of the
same age and the risk of cardiovascular disease begins to rise in postmenopausal women with
more than 55 years of age are more susceptible than men (88). Women before menopause are

protected against CAD, because of the impact of sex hormones function (88).

Family history: Premature coronary vascular disease occurs in families with the history of
CAD. The disease can be prevented by identifying the families with positive history of CAD,
especially in people who have parents or siblings with artery disease or death in the family
because of a history of CAD at an early age (55 years for a male and 65 for female relative). The
risk of getting coronary heart disease among first-degree relatives was 2.5 to 7 times higher than
the relatives of the controls (88).

Genetic factor: Cardiovascular risk factors, such as myocardial infarction locus (chromosomal
loci) have strong genetic components (54), subjects with apolipoprotein E (apoE) polymorphism
become less responsive to serum lipids in response to the dietary intervention (11). Familial
hypercholesterolaemia is also another genetic condition explained by mutations in the low
density lipoprotein (LDL) receptor gene and characterized by markedly elevated LDL
cholesterol levels and increased risk of premature coronary heart disease (89). Similarly, the
deletion or insertion polymorphism of the angiotensinogen gene M235T and angiotensin-
converting enzyme gene A1166C are associated with hypertension and coronary heart disease,
respectively (90).

Environmental factors: Seasonal variability in humans can partly be attributed to endogenous
biological rhythms which exert an independent effect on variations in lipid and lipoprotein
concentration. Environmental factors such as photoperiod or endocrine factors such as the
concentration of steroid hormones can be correlated and/or involved in the regulation of these
quantitative variations (90). Seasonal variations were shown statistically significant changes in
lipid levels irrespective of the geographical area, and irrespective of the age, sex, ethnicity, and
baseline lipid levels of the individuals (92). Cholesterol levelstend to be higher
in the winter months and lower in the summer months (93). According to the study carried out by
Robinson et al (94), the mean cholesterol levels were three to five percent higher in winter than

in summer and the mean monthly cholesterol levels were negatively correlated with mean
16



monthly air temperatures (r=—0.60 to —0.71). Another study by Fuller et al (95) have
demonstrated a significant fall in plasma triglyceride level from summer to winter and a smaller
fall from spring to autumn. Seasonal changes in plasma volume explained a substantial
proportion of the observed variation; a relative plasma hypervolemia during the summer seems
to be linked to increases in temperature and physical activity (93, 96). Lipoprotein lipase (LPL)
enzyme activity is also regulated seasonally; where adipose tissue LPL provides free fatty acids
for storage in adipocytes, whereas in skeletal muscle LPL provides free fatty acids for oxidation.

The activity of this enzyme is also higher in winter than in summer (96).
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3. OBJECTIVE
3.1. General Objective:

- The objective of this study is to assess the effects of Ethiopian Orthodox Christians’
Easter fasting on the anthropometric indices and biochemical risk factors for

cardiovascular diseases.
3.2. Specific Objectives:
- To measure the effect of fasting on biochemical changes;

- To assess the effect of fasting on anthropometric measurement.
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4. METHODOLOGY
4.1. Study area and period

The study was conducted in Addis Ababa, the capital city of Ethiopia, from February 10 to April
10, 2015. According to the Ethiopian National Population and Housing Census of 2007 (26),
Addis Ababa has a total population of 2,737,551. About 23% of the total urban population of
Ethiopia lives in Addis Ababa and with respect to religion 74.7% are Orthodox Christians,
16.2% Islam and 7.8% are Protestants (26).

4.2. Study design

Community based before and after study design having controls was used among voluntarily
selected participants from eligible population and followed over Easter fasting period in two
groups; those who fast (exposed) and non-fast (control) group. Within the two conditions,
participants were measured on the dependent variables before and at the end. A major advantage
of this, within subject, study design is that participants serve as their own controls, thus reducing
the error variance and increasing the statistical power of the test with considerably fewer
participants (97-99).

A pair of measurement was made for two groups before the beginning (pre or baseline) and
before the completion (endline) of the Easter fasting period. Measurements include fasting blood
collection for biochemical tests, anthropometric and blood pressure measurements, and the

completion of questionnaires.
4.3. Study Population, Study Subjects and Sampling Procedure

Study populations were Orthodox Christians living in Addis Ababa. Study population were
chosen using convenience sampling technique from four sub-cities (Addis Ketema, Gulelie,
Lideta and Bole) from faith based groups within the community like Yetsewa Mahiber and other
informal groups (groups facilitating Ethiopian Epiphany called yetemeket beal astebabariewoch)
on the basis of their willingness to participate and satisfying the inclusion criteria of the study.
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Among Ethiopian Orthodox Christian adults of both sexes, faithful fasters who have been strictly
adhering to Orthodox Christian fasting practices of the major recommended fasting periods
regularly for >5 years and those who are planning to fast the upcoming Easter fating were
participated in this study as fasters. Control group included subjects that do not fast or do not

avoid animal source foods consumption during the upcoming season of Easter fasting.

4.4. Eligibility Criteria
4.4.1. Inclusion Criteria

Volunteers, aged 18 years and older giving consent for the study were recruited from both sexes
in the group of fasters and controls. Subjects who were permanent residents or temporarily
residing in Addis Ababa during the study period were included. For the fasters group, subjects
that have been fasting the major fasting periods of Ethiopian Orthodox Church were included.
For the control group, those subjects that do not fast during the great lent fasting were included.
Those who were free from chronic illnesses related to CVVD and not taking long term medication
that are known to alter the BP, blood glucose and lipid profiles were included.

4.4.2. Exclusion Criteria

Subjects who were not permanent residents or who do not stay in Addis Ababa during the study
period; those who were with chronic illnesses and taking long term medication that are known to
alter the blood glucose and lipid profiles were excluded. Subjects aged < 18 years old; those who

were unwilling to participate in the study; lactating and pregnant women were excluded.
4.5. Sample Size Determination

To determine sample size, the study used GPower Version 3.1.9.2 as a tool, this software
provides sample size and power analyses for tests that use F, t, chi-square, or z distributions and
various distributions for nonparametric applications. GPower is the one of the software packages
that performs sample size calculations like Minitab and Epi-info covering a wider range of study
designs (100-101). As an input GPower requires selecting appropriate test family (t-test in our
case), type of statistical test within test family (dependant sample t-test), specifying a error
probability, power (1-B error probability), and determining effect size (102).
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An effect size is the difference between two means (e.g., treatment minus control) divided by the
standard deviation of the two conditions. It is the division by the standard deviation that enables
us to compare effect sizes across experiments (103). Effect size can be used at planning stage to
find the sample size required for sufficient power for study and for the purpose of calculating a
reasonable sample size and effect size can be estimated by pilot study results, similar work
published by others, or the minimum difference that would be considered important by experts
(104). To calculate effect sizes from similar published research articles, a simplified

methodology by Thalheimer and Cook (103) was used, employing equations 1 and 2;

d = Cohen’s d effect size
X =mean (average of treatment or comparison conditions)
S = standard deviation

Subscripts: t refers to the treatment condition and c refers to the comparison condition (or control
condition).

Where: S = standard deviation
n = number of subjects

Subscripts: t refers to the treatment condition and c refers to the comparison condition

(or control condition).
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From the study done by Sarie et al (11), fasters, as compared to their pre-fasting status, have
showed a decreased levels of end total cholesterol, LDL-c and BMI as presented in Table 1.
From that study, calculating for effect size among the three variables using equations 1 and 2
indicated that BMI (with mean difference of 0.4 and pooled standard deviation of 0.7) had
relatively smaller or least detected difference with Cohen’s d effect size of 0.56.

Table 1: Paired samples T-test with mean pre-fasting values compared to mean end-fasting

results from Sarie et al (11).

Variables Pre-Fasting (n=43) End-Fasting (n=43)  P-value Effect Size
Mean Stan Dev Mean Stan Dev (d)
Total cholesterol (mmol/L) 5.6 0.15 5.1 0.14 <0.001 3.40
LDL cholesterol (mmol/L) 3.3 0.1 3.2 0.1 <0.001 0.61
BMI (kg/m?) 28 0.7 27.6 0.7 <0.001 0.56

Generally, effect sizes of 0.20 are considered small, 0.50 are medium, 0.80 are large and 1.3 are
very large (104-105), these known benchmarks enable us to compare the above calculated effect
size (0.56) to be categorized around medium effect size. Therefore, the present study considers
medium effect size (0.5); power (1-p) of the study (0.85) and a-error probability (0.05) to have a
sufficient sample size so as to detect differences that might present in the study variables; since
sample size increases with increase in power, with a decrease in effect size and with decreasing

level of significance.

Incorporating the above assumptions for sample size calculation using GPower software, sample

size was found to be 38 for each group.
38 x 2 (Control and Fasting group) = 76

Considering 20% non-response, 16 subjects were added and the total number of study subjects

were totally 92 (46 fasters and 46 controls).
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Similar previous studies conducted to evaluate the effect of religious fasting on biochemical and
anthropometric variables used comparable sample sizes, to mention some: study by Mansi (17),
used a total of 70 study subjects; Maislos et al (15), used 24 subjects; Thannoun & Mahmoud
(18), used 31 subjects; Sarri et al (11), used 40 fasters and 31 controls; Sarraf-Zadegan et al
(106), used a total of 50 study subjects and again Sarri et al (23), used 38 fasters and 29 matched
controls. In repeated measures design fewer participants are often involved because of subject
differences are minimized and hence reduces the error variability (98). Ha and Ha (107) suggests
that if dependent variables of the study are either an interval or ratio scale, the sample size per
group should be greater or equal to 30 (n > 30).

4.6. Data Collection and Instruments for Data Collection

The instruments used for data collection were adapted mainly from the WHO’s stepwise
(STEPs) approach for non-communicable disease surveillance (108) and partly from Sarri et al
(11), and Amole et al (6). STEPs is the WHO-recommended surveillance tool for chronic disease
risk factors and chronic disease-specific morbidity and mortality which is intended to serve as an
entry point for low and middle-income countries into surveillance of chronic diseases and their
risk factors (108). This approach is characterized by the use of questionnaires to gain information
on risk factors, simple physical measurements (anthropometric and blood pressure

measurements) and biochemical measurements (lipid profile and glucose level).

Subjects were examined and measured 1 week before the beginning (pre) and the last 5 days
before the completion (end) of the Easter fasting period. After overnight fasting, measurements
were made in the morning between 8 AM and 10 AM which include fasting blood collection (for
biochemical analysis), anthropometric measurements (height, weight, waist and hip
circumference), and blood pressure, the completion of questionnaires regarding their fasting
habits, their health status, medication use, and their behavioral risk factors such as cigarette
smoking, alcohol intake, physical inactivity, khat chewing, and the dietary habit (11).
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4.6.1. Sampling and Data Collection Framework
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4.6.2. Questionnaires

All volunteers participating in the study were interviewed face-to-face by the principal
investigator or assistants using a modified standard questionnaire (6, 11, 108). The questionnaire
has four components: questions on socio-demographic characteristics; behavioral risk factors and
fasting experience; health status and medication use; and dietary assessment.

Socio-demographic characteristics included were age, sex, marital status, educational level, and
economic status. Behavioral risk factors for cardiovascular health: physical inactivity, khat
chewing, smoking and alcohol consumption. Questions on previous fasting experience that help
to identify devoted fasters those who have been fasting regularly during the principal fasting
periods. Regarding health status and medication use, subjects with chronic diseases related to
CVD and medications use that have a potential to adversely affect the biochemical tests were
screened and filtered at this stage.

Level of alcohol intake in this study considered the WHO risk of drinking (82-83), low risk
subjects are those who consume below 20g of pure alcohol daily for women and 40g for men;
and subjects at risk for health are those who consume >20-40g for women and >40-60g for men.
Twenty grams pure alcohol is equivalent to 400ml of 5% alcohol beer, 182ml of 11% wine, 50ml
of 40% alcohol spirits, 182ml of 11% Tej, 388ml of 5.16% alcohol Tella, and 54ml of 37%
alcohol Areki/Katikala (109). The study considered the following volumes per container as
indicated by Tekle-Haimanot and Haile (110) for locally produced alcoholic drinks in Ethiopia:
Tella sold in tin containers called Tass of 750 ml volume; Tej which is drank in funnel necked
glass bottle known as Birelle with a volume of 300 ml; Katikala is a locally distilled spirit
consumed in 15 ml small glass called melekia.

There are a wide range of methods that could be used for the dietary assessment of individuals
and groups; but food frequency questionnaire (FFQ) is the most commonly used for investigating
the relationship between dietary factors and chronic diseases (111). It is used to evaluate
population intakes relative to reference values quantitatively or rank individuals as high and low
consumers, qualitatively (112-113). FFQs is used to capture habitual/usual dietary intakes (114)

and this study used predefined food lists within 13 food groups (115) and portion size was not
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estimated. The food groups were adapted from FAO/EU guideline for measuring individual
dietary diversity (116) the reference period of 7 days was used since short reference periods like
the 24 hours recall period does not provide an indication of individual’s habitual diet [116]. The
7 days reference period was converted in to different ‘times’ of frequencies of intake; never, < 2
times per week, 3-6 times per week, once daily, and >2 times per day (117). In addition to FFQ,
subjects’ consumption of fast foods and practice of snacking were asked as indicated by Amole
et al (6). Moreover, subjects were asked for dietary restrictions because of food intolerance or
food allergies if any (118).

4.6.3. Anthropometric variables

Body weight was measured two times at pre-stage and end of fasting by a digital scale (Seca,
Hamburg, Germany) to the nearest 100g, placed in flat surface. Subjects were weighed barefoot
in very light clothing. Standing height was measured with an adjustable wooden measuring board
once, without shoes to the nearest 0.1 cm with the shoulders in relaxed position, arms hanging
freely, feet together, heels against the back board and knees straight. Body Mass Index (BMI)
was calculated by dividing weight (kg) by height squared (m?) (3, 11).

Waist circumference was measured at the midpoint between the lower margin of the least
palpable rib and the top of the hip or minimal waist using stretch-resistant tape. Hip
circumference was measured around the widest portion of the buttocks, with the tape parallel to
the floor. For both measurements, the subject stand with feet close together thereby body weight
evenly distributed, arms at the side and wearing light clothing. When the subject become at
relaxed state measurement was taken at the end of normal expiration and these measurements
were done in a private place (108). The cut-off points for waist to
hip ratio above 0.90 for males and above 0.85 for females used to indicate CVD risk (44, 108,
119).

Blood Pressure (BP) was measured with an automatic blood pressure monitor (OMRON, Model:
HEM-711ACN, Illinois 60015) after individuals had been resting for 5 min (108). Subjects place
their right arm on the table with the palm facing upward, three BP measurements were taken

with 3 min elapsing between successive measurements and according to WHO recommendation,
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the mean systolic blood pressure (SBP) and diastolic BP (DBP) from the second and the third
measurements were considered for the analysis (3, 11, 108). Digital BP measuring machines
(automated devices) are recommended by WHO steps for CVD risk assessment. Even though it
is less accurate than manual devices, calibration to the standard method enhances the accuracy
(120). Additionally, automated devices reduce higher degree of deviation in measuring diastolic

blood pressure using manual devices (121).
4.6.4. Biochemical assays

Subjects were told to fast overnight, blood samples were obtained in the morning after 12 hours
over night fast from an antecubital vein. Blood samples of 6-10 ml were collected in to plain
vacuum tube (122), using proper sanitation and infection prevention techniques (3) and after 30
minutes, the collected blood was centrifuged at 3000 revolution per minute for 10 minutes (6);
the separated serum was placed in cold box carrier containing ice packs that maintains the
temperature around —4°C and transported to the Ethiopian Public Health Institute (EPHI) to be
kept in deep freezer at a temperature of — 40 °C until the samples analyzed. The serum was later
used to determine participants’ fasting triglycerides, total cholesterol, high-density lipoprotein

cholesterol, low-density lipoprotein cholesterol and glucose concentrations.

The serum levels of glucose, TC, HDL-c, LDL-c and TG were measured using COBAS
INTEGRA 400 (Roche Diagnostics GmbH, Sandhofer Strasse 116, D-68305 Mannheim
Germany) random access full automated auto analyzer at Ethiopian Public Health Institute,
TB/HIV research and development laboratory. Glucose was determined by Hexokinase (HK)
method, TG and total TC were evaluated with enzymatic colorimetric method and HDL-c and
LDL-c were analyzed by homogenous enzymatic colorimetric method (123-124) and the results

were reported as mg/dL.

The cutoff points to categorize dyslipidemia defined as TC >200 mg/dL, HDL-c <40 mg/dL,
LDL-c >130 mg/dL, TG >150 mg/dL and hyperglycemia as glucose >110 mg/dL based on the
classification of the United States National Cholesterol Education Program, Adult Treatment
Panel (NCEP-ATP) Il guideline for CVD risk factor (52). Lipoprotein ratios for therapeutic
target cut-off values are <3.7 for LDL/HDL-c and <5 for TC/HDL-c ratio (47).
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4.7. Data Quality Control Methods

The questionnaires were originally written in English, then translated in to Amharic and back
translated to English by experts to ensure the quality of translation and consistency.
Anthropometric measuring instruments and biochemical analyzers were calibrated by their
respective reference materials. Digital blood pressure measuring machine was calibrated to the
gold standard method for measuring blood pressure, mercury sphygmomanometer (125), using
method agreement for clinical measurements as indicated by Bland and Altman (126).

Four assistant data collectors were involved one nurse for BP measurement, two laboratory
professionals (1 technician and 1 technologist) for drawing blood specimen and one nutritionist
(MSc holder) for the dietary assessment and anthropometric measurement. Two days training on
the contents of the questionnaire, data collection techniques, and ethical conduct of human
research was given for those assistants and any doubts/question in the method they were going to

undertake was clarified.

Pretest of the questionnaire was conducted in 10 volunteer subjects (~10% study sample size) for
validation of questionnaire two weeks prior to actual data collection and some adjustment on
additional preparations was made. During the actual data collection period, the questionnaire was
checked for completeness every night after data collection. Feedback on previous day activities
was given for the assistant data collectors before the next day data collection and the overall
coordination was made by the principal investigator.

4.8. Data Management

Data was checked for completeness and entered into SPSS version 20 computer soft ware
package. After complete entry of all the questionnaires, soft copy was checked with its hard copy
to see the consistency. After cross checking, cleaning was made to avoid missing values, outliers
and inconsistencies before analysis. Study participant who could not complete their end status

measurement because of various reasons were also excluded from analysis.
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4.9. Data Analysis

A statistical analysis program SPSS (version 20 for Windows) was used to analyze the data.
Frequency distribution of socio-demographic characteristics of the study population was
determined. Chi-square test was used to evaluate the difference in the distribution of categorical
variables of the study groups. The Shapiro-Wilk test was performed to assess the normality of
the distribution. For normally distributed variables, within group comparisons of pre and end
fasting test results were analyzed using paired t-test and to detect differences between the fasting
and the control groups, independent samples t-test was used after obtaining differences in result
values before and at the end for test variables.

One way ANOVA and Kruskal Wallis tests were used to compare variables having more than
two groups for parametric and nonparametric tests, respectively and Duncan post hoc test was
used for mean separation. For the data that were not-normally distributed (pre- and end- TG
values), the appropriate non-parametric tests Mann-Whiteny and Wilcoxon’s tests were
employed to compare between group and within group comparisons, respectively. Regression
analysis was used to compare variables’ end-fasting concentrations and anthropometric
measurements with their respective pre-fasting values, age, sex, socioeconomic and behavioral
risk factors. Continuous variables were presented as mean values + standard deviation, while
categorical variables were presented as absolute numbers and relative frequencies. All

differences were considered statistically significant at p < 0.05.
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4.10. Operational Definitions

Physical activity: subjects who are engaged in leisure time physical activity (walking, fitness
training and sports) for greater than or equal to three times per week of thirty minutes per

occasion will be classified as physically active (127).

Body mass index (BMI): defined as the weight in kilograms divided by the square of height in
meters (kg/m?) is used to measure the “degree of fatness”. Normal weight is characterized by a
BMI of between 18.5 and 24.9 kg/m? (6). Overweight is defined as BMI values between 25 and
29.9kg/m? (6).

Obesity is defined as a condition of abnormal or excessive fat accumulation in the adipose tissue
of the body which is explained by BMI value > 30kg/m? (6).

Fasters are defined as those who have been fasting regularly and decided to fast the Easter

fasting period through avoiding consumption of all animal source foods during the period (11).
Current smokers are defined as those who smoked at least one cigarette per day (11).

Low risk alcohol consumption defined as drinkers who consume below 20g of pure alcohol daily
for women and 40g for men; the levels above which are categorized in to risk to health (82-83).

Elevated blood pressure (BP) defined as a systolic blood pressure (SBP) of >140 mm Hg or a
diastolic blood pressure (DBP) >90 mm Hg (52).

Elevated fasting blood glucose (FBG) to be >110 mg/dL or with a previous history of diabetes
(52).

Dyslipidemia is the presence of abnormal levels of lipids in the blood, characterized by an
elevation of the concentration of total cholesterol (TC), low-density lipoprotein (LDL), and
triglycerides (TG), and a decrease in high-density lipoprotein cholesterol (HDL) (75).
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4.11. Ethical Considerations

The study was conducted after obtaining ethical clearance from the Ethical Committee of Addis
Ababa University, College of Health Science, School of Public Health with Reference number
SPH/596/07; Dated February 10, 2015 (See Annex 1). Informed written consent was obtained
from study participants after subjects get informed about the purpose and the benefit of the study
along with their full right to refuse or completely reject from participation. Finally, interview
record, anthropometric measurements, and biochemical analysis result were strictly kept

confidential.
4.12. Study Variables
4.12.1. Dependent Variable

Anthropometric measurements (body mass index, waist circumference and waist to hip ratio);
mean systolic and diastolic blood pressure; biochemical tests (fasting blood glucose, total
cholesterol, low density lipoprotein, high density lipoprotein, triglyceride levels and lipoprotein
ratios).

4.12.2. Independent Variable

The independent variables were individual’s position based on fasting status; either fasting or
non-fasting. In addition, socio-demographic characteristics such as age, sex, educational and
income status; behavioral risk factors such as cigarette smoking, alcohol drinking, khat chewing
and dietary practices.

4.13. Dissemination of Results

The result of this study will be submitted and presented to the School of Public Health, College
of Health Sciences, Addis Ababa University as partial fulfillment of a master’s degree in public
health. The findings will also be disseminated through publishing on national or international

journal and presentations on scientific conferences.
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5. RESULTS
5.1. Scio-demographic, life style characteristics and practice of fasting

Socio-demographic and life style characteristics of the study population (n = 88) are presented in
Table 2. The study participants were volunteers that constituted two groups (each n= 44) of
fasters and non-fasters (controls) and with male to female ratio of nearly 1. The mean age of
fasters (29 + 7 years) and controls (31.4 = 7 years); there were no statistically significant
differences between fasters and controls group with respect to age, sex, educational level, and

monthly income, with p-values 0.17, 0.67, 0.40 and 0.10, respectively.

Regarding the behavioral risk factors among fasters, there were no smokers, 36.4% reported to
drink an alcohol, 9% of them do regular physical activity, 50% had a practice of eating fast foods
and snacking was practiced by 28%. Between groups comparison of behavioral risk factors,
showed no statistically significant differences in cigarette smoking (p = 0.21), alcohol intake (p =
0.69), physical activity (p = 0.06), practice of eating fast foods (p = 0.21) and snacking practice

(p = 1.0).

The subjects in the fasters group had been practicing the fasting rituals for a mean of 10.7 £ 4.3
years; among the fasters, 56.8% practiced all the seven fasting periods of the Ethiopian Orthodox
Church and the rest 43.2% practiced at least three of the principal fasting periods of the church
(fasting of salivation, the great lent fasting preceding Easter and fasting preceding Christmas).
During the fasting period, all the fasters had a practice of avoiding animal source foods; in
addition, 61.4% skip breakfasts and 22.7% fasted until 3PM. The fasters’ compliance with the
fasting rules was 100%.
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Table 2: Scio-demographic and life style characteristics of the study subjects, April 2015, Addis

Ababa.
Variables Fasters Controls o-value
N (%) N (%)
Sex 0.67
Males 22 (50) 24 (54.55)
Females 22 (50) 20 (45.45)
Aget 29.34+7.14 31.43 +6.99 0.17
Educational Status 0.40
Elementary School/ No education 8 (18.1) 9 (20.5)
Secondary school 14 (31.8) 16 (36.4)
> Secondary school 22 (50) 19 (43.2)
Monthly income 0.10
<900 Eth Birr 12 (27.3) 10 (22.7)
1000-1999 Eth Birr 10 (22.7) 7 (15.9)
2000-2999 Eth Birr 7 (15.9) 13 (29.5)
> 3000 15 (34.1) 14 (31.8)
Cigarette Smoking 0.21
Current smokers 0(0) 3(6.8)
Current Non-smokers 44(100) 41 (93.2)
Alcohol intake 0.69
Non-consumers 28 (66.6) 35 (79.5)
Moderate level consumers 7 (15.9) 1(2.3)
Risk to health level consumers 9(20.5) 8(18.2)
Physical Activity 0.06
Yes 9 (20.5) 3(6.8)
No 35 (79.5) 41 (93.2)
Practice of Eating Fast Foods 0.13
Yes 22 (50) 29 (65.9)
No 22 (50) 15 (34.1)
Snacking Practice 1.00
Yes 28 (63.6) 28 (63.6)
No 16 (36.4) 16 (36.4)

P - values are from comparison between fasters and controls using Chi-square. t Independent samplet -
test was used

All study subjects in both groups reported that they did not suffer from any chronic diseases like
thyroid related, diabetes, cardiovascular diseases and did not take any medication or food
supplements that affect the dependent variables of the study. In addition, there was no reported
food avoidance because of food allergy or intolerance in both groups.
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5.2. Baseline characteristics of study groups

Baseline characteristics of serum lipids, blood glucose level, blood pressure and anthropometric
measurements between fasters and control group are shown in Table 3 and showed no

statistically significant differences among all variables across the two groups.

Table 3: Baseline characteristics of serum lipids, blood glucose level, blood pressure and
anthropometric measurements between fasters and control group, April 2015, Addis Ababa

Variables Fasters (N = 44) Controls (N = 44) p-value
Mean St. Dev Mean St. Dev
TC (mg/dL) 172.27 40.63 164.73 32.89 0.34
HDL-c (mg/dL) 43.84 10.85 42.64 8.39 0.56
LDL-c (mg/dL) 109.71 37.48 98.14 28.89 0.11
TG (mg/dL) t 112.58 48.44 117.8 44.21 0.27
TC/HDL 4.18 1.48 4.08 1.33 0.73
LDL/HDL 2.69 1.23 2.45 1.05 0.34
FBS (mg/dL) 86.84 8.92 89.09 9.07 0.24
SYST BP (mm Hg) 118.1 12.32 123.59 14.38 0.06
DIST BP (mm Hg) 75.71 8.20 78.02 9.42 0.22
BMI (Kg/m®) 22.15 3.81 23.00 4.18 0.32
WC (cm) 81.64 11.77 84.45 11.07 0.25
WHR 0.83 0.068 0.862 0.086 0.07

FBS, fasting blood glucose; TC, total cholesterol; HDL-c, high density lipoprotein; LDL-c, low density
lipoprotein; TG, triglyceride; TC/HDL, ratio of total cholesterol to high density lipoprotein; LDL/HDL, ratio
of low density lipoprotein to high density lipoprotein; BMI, body mass index; WC, waist circumference;
WHR, waist to hip ratio; SYST BP, systolic blood pressure; DIST BP, diastolic blood pressure. T Non-
parametric Mann-Whiteny test was used.
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5.3. Dietary data

Food frequency result are shown in Table 4, the data show statistically non-significant difference
between groups with respect to consumption of grains/cereals, fruits, fats/oils, tea/coffee, house
hold sugar/honey, confectionary foods. However, animal source food groups (milk and milk
products, fish, egg, and meat) were not consumed by fasters during the fasting period and
frequency of intake by control groups were significantly higher. Fasters have shown significantly
higher frequency intake of vegetables, pulses/legumes, and roots/tubers than controls (p < 0.001,
p =0.002, and p < 0.001, respectively).
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Table 4: Result of seven days frequency of food intake between fasters and controls at end fasting, April 2015,

Addis Ababa.

Food Groups

Category

Frequency of intake in previous week

Never  <2X/Week 3-6X/Week Once per day >2x/day  P-value
N (%) N (%) N (%) N (%) N (%)
Fruits 0.118
Fasters (N=44) 0(0) 21 (47.7) 16 (36.4) 6 (13.6) 1(2.3)
Controls (N=44) 4(9.1) 16 (34.4) 21 (47.7) 3(6.8) 0 (0)
Vegetables <0.001
Fasters (N=44) 0 (0) 0 (0) 23 (52.3) 19 (43.2) 2 (4.5)
Controls (N=44) 1(2.3) 8(18.2) 35 (79.5) 0 (0) 0 (0)
Grains/Cereals 0.315
Fasters (N=44) 0(0) 0(0) 0(0) 0(0) 44 (100)
Controls (N=44) 0 (0) 0 (0) 0 (0) 1(2.3) 43 (97.7)
Pulses/Legumes/Nuts 0.002
Fasters (N=44) 0 (0) 0 (0) 0 (0) 35 (79.5) 9 (20.5)
Controls (N=44) 0 (0) 0 (0) 0 (0) 44 (100) 0 (0)
Roots & Tubers <0.001
Fasters (N=44) 1(2.3) 8(18.2) 32 (72.7) 3(6.8) 0 (0)
Controls (N=44) 2(4.5) 30 (68.2) 11 (25.0) 0 (0) 1(2.3)
Milk & milk products
Fasters (N=44) 44 (100) 0(0) 0(0) 0(0) 0(0)
Controls (N=44) 10 (22.7) 14 (31.8) 15 (34.1) 3(6.8) 0 (0)
Fish
Fasters (N=44) 44 (100) 0(0) 0(0) 0(0) 0(0)
Controls (N=44) 41 (93.2) 2(4.5) 1(2.3) 0 (0) 0 (0)
E
% Fasters (N=44) 44 (100) 0(0) 0(0) 0(0) 0(0)
Controls (N=44) 8(18.2) 15 (34.1) 21 (47.7) 0 (0) 0 (0)
Meat
Fasters (N=44) 44 (100) 0 (0) 0 (0) 0 (0) 0 (0)
Controls (N=44) 2(4.5) 4(9.1) 28 (63.6) 10 (22.7) 0 (0)
Fats/Oils 0.502
Fasters (N=44) 0 (0) 0 (0) 0 (0) 6 (13.6) 38 (86.4)
Controls (N=44) 0 (0) 0 (0) 0 (0) 4(9.1) 40 (90.9)
Tea/Coffee 0.747
Fasters (N=44) 3(6.8) 1(2.3) 4(9.1) 9 (20.5) 27 (61.4)
Controls (N=44) 1(2.3) 1(2.3) 2(4.5) 11 (25.0) 29 (65.9)
Household sugar/Honey 0.943
Fasters (N=44) 0 (0) 1(2.3) 2(4.5) 13 (29.5) 28 (63.6)
Controls (N=44) 0 (0) 1(2.3) 3(6.8) 11 (25,0) 29 (65.9)
Confectionary foods 0.075
Fasters (N=44) 6 (13.6) 16 (36.4) 15 (34.1) 6 (13.6) 1(2.3)
Controls (N=44) 1(2.3) 10 (22.7) 18 (40.9) 11 (25.0) 4(9.1)

P - values are from comparison between fasters and controls using Chi-square (X under linear by linear association).
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5.4. Comparisons of pre and endline-fasting values in the fasting and control groups

Changes in serum lipids level, blood pressure and anthropometric measurements between
baseline and endline among fasting and control groups are shown in Table 5. In the fasting
group, three was statistically significant decline in the levels of fasting blood sugar (p = 0.001),
total cholesterol (p < 0.001), LDL-c (p < 0.001), TG (p = 0.031), lipoprotein ratios (p < 0.001),
weight (p < 0.001), BMI (p < 0.001), waist to hip ratio (p < 0.001), systolic and diastolic blood
pressure (p < 0.001). However, there was no statistically significant change in the HDL

cholesterol concentrations.

In control group, there were no statistically significant changes observed in the level of total
cholesterol (p = 0.44), LDL-c (p <0.31), HDL-c (p = 0.14), TG (p = 0.46), lipoprotein ratios (p >
0.05), fasting blood glucose concentration (p = 0.061), systolic and diastolic blood pressure p <
0.80 and p = 0.44, respectively. However, statistically significant increases were seen in the
levels of all anthropometric variables: weight (p = 0.001), BMI (p = 0.001), waist circumference
(p < 0.001) and waist to hip ratio (p < 0.001).
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Table 5: Serum lipids level, blood pressure and anthropometric measurements between baseline and endline

among fasting and control group, April 2015, Addis Ababa.

Variables

FBS (mg/dL)
TC (mg/dL)
HDL-c (mg/dL)
LDL-c (mg/dL)
TG (mg/dL) t
TC/HDL
LDL/HDL
Weight (Kg)
BMI (Kg/m?)
WC (cm)

WHR

Fasters (N = 44)

Controls (N = 44)

SYST BP (mmHg) 118.1 + 12.32

DIST BP (mmHg)

Pre Endline p-value Pre Endline p-value
86.84 + 8.92 80.86 + 9.58 0.001 89.10 + 9.07 93.83 + 8.86 0.061
172.27 +40.63 151.89 + 33.14 <0.001 164.73 +32.89 166.98 + 32.93 0.441
43.84 + 10.86 43.52 +10.02 0.778 42.41 + 8.39 44.55 + 9.63 0.144
109.71 +37.48 87.44+29.96 <0.001 08.14 + 28.89 95.65 + 26.51 0.306
112.57 +48.44  100.70 + 44.41 0.037 117.80+44.21 122.66 +48.48 0.052
4,18 +1.48 3.67+1.20 <0.001 4.08 +1.33 3.90 + 1.00 0.365
2.69 +1.23 2.13+0.94 <0.001 245+ 1.05 2.23+0.68 0.062
59.71 + 12.74 58.43 +12.47 <0.001 65.72 + 13.29 66.30 + 13.54 0.001
22.15+3.81 21.69 + 3.76 <0.001 23.01+4.18 23.21 +4.26 0.001
81.64 + 11.77 79.56 +11.44 <0.001 84.45 + 11.06 85.75 + 11.00 <0.001
0.83 + 0.068 0.815+0.068 <0.001 0.862 + 0.086 0.873 + 0.083 <0.001

113.63 + 10.72 <0.001 123.59 + 14.38 12341 +14.75 0.801
75.71 + 8.20 72.30 +7.15 <0.001 78.02 +9.41 78.52 + 10.20 0.436

Values are presented as mean + standard deviation; FBS, fasting blood glucose; TC, total cholesterol; HDL-c,

high density lipoprotein; LDL-c, low density lipoprotein; TG, triglyceride; TC/HDL, ratio of total cholesterol to

high density lipoprotein; LDL/HDL, ratio of low density lipoprotein to high density lipoprotein; BMI, body

mass index; WC, waist circumference; WHR, waist to hip ratio; SYST BP, systolic blood pressure; DIST BP,

diastolic blood pressure. T Non-parametric Wilcoxon Signed Ranks test was used.
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5.5. Comparisons of changes in the fasters and controls groups

Changes between groups are presented in Table 6 showing statistically significant differences in
most lipid profiles: TC (p < 0.001), LDL-c (p < 0.001), TG (p = 0.008) and LDL/HDL (p =
0.036); however, the values for HDL-c and TC/HDL-c ratio were shown insignificant between
group differences. In addition, all anthropometric, blood pressure and blood glucose
measurements indicated that fasters had significantly lower values than controls.

Table 6: Mean difference comparison of serum lipids, blood glucose, blood pressure and
anthropometric measurements between fasting and control groups, April 2015, Addis Ababa

Variables Fasters (n = 44) Controls (n = 44) p-value
Mean Diff SEMD Mean Diff SEMD
FBS (mg/dL) -5.98 1.60 4.73 1.20 <0.001
TC (mg/dL) - 20.37 2.93 2.25 2.89 <0.001
HDL-c (mg/dL) -0.32 1.12 1.91 1.29 0.194
LDL-c (mg/dL) -22.27 3.55 - 2.50 2.41 <0.001
TG (mg/dL) t -11.87 533 4.86 6.47 0.008
TC/HDL -0.51 0.12 -0.17 0.19 0.137
LDL/HDL -0.56 0.11 -0.22 0.12 0.036
Weight (Kg) -1.28 0.19 0.58 0.16 <0.001
BMI (Kg/m?) -0.46 0.07 0.20 0.06 <0.001
WC (cm) -2.08 0.25 1.30 0.20 <0.001
WHR -0.02 0.002 0.11 0.002 <0.001
SYST BP (mm Hg) - 4.47 0.87 -0.18 0.71 <0.001
DIST BP (mm Hg) -3.41 0.66 0.50 0.64 <0.001

Mean difference (endline - baseline) comparisons between groups using independent samples t-test; SEMD,
Standard error of the mean difference; FBS, fasting blood glucose; TC, total cholesterol; HDL-c, high density
lipoprotein; LDL-c, low density lipoprotein; TG, triglyceride; TC/HDL, ratio of total cholesterol to high
density lipoprotein; LDL/HDL, ratio of low density lipoprotein to high density lipoprotein; BMI, body mass
index; WC, waist circumference; WHR, waist to hip ratio; SYST BP, systolic blood pressure; DIST BP,
diastolic blood pressure. T Non-parametric Mann-Whiteny test was used.
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5.6. Effect of fasting and other predictors on endline-fasting values

Multiple linear stepwise regression analysis indentified fasting to be a strong predictor for most
of the dependent variables that have shown an inverse relation to endline values of total
cholesterol (f = - 20.8, p < 0.001), LDL cholesterol ( = - 16.0, p < 0.001), LDL/HDL ratio ( =
- 0.25, p < 0.03), blood sugar (p = - 11.45, p < 0.001), systolic (B = - 4.92, p < 0.001), diastolic
blood pressure (B = - 4.20, p < 0.001), BMI (B = - 0.69, p < 0.001) and endline waist
circumference (p = - 3.31, p < 0.001), showing that fasters have lower levels of these variables
(Table 7).

Age of participants was positively related to endline TC/HDL ratio (B = 0.034, p=0.01) and
endline blood glucose levels (B = 0.27, p = 0.037). Similarly, smoking status was positively
related to endline-LDL/HDL ratio (B = 0.80, p < 0.011). Whereas, educational status was
inversely related to endline-TG level (B = -17.32, p = 0.02); and body mass index was also
negatively related to participants’ monthly income (B = - 0.22, p < 0.031). The practice of eating
fast foods was positively related to both endline-HDL levels and endline-waist circumference
with B = 3.32, p < 0.001 and B = 7.35, p < 0.032, respectively. However, other predictors like
alcohol intake, khat chewing, sex, physical activity and snaking practice were not show a
significant relationship to any of the dependent variables of this study.
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Table 7: Effects of different predictor variables on serum lipids, Anthropometric, blood pressure and
glucose level among study participants (n = 88) in Addis Ababa, April 2015.

Dependant variables Predictors Beta Standard p-value 95% Confidence
Coefficient Error interval for p
(B)
Endline Total Cholesterol Pre-fasting TC 0.763 0.051 <0.001 [0.66, 0.86]
Fasting -20.84 3.711 <0.001 [-28.22, -13.46]
Endline LDL Cholesterol Pre-fasting LDL 0.678 0.055 <0.001 [0.57,0.79]
Fasting - 16.03 3.70 <0.001 [- 23.37, - 8.68]
Endline HDL Cholesterol Pre-fasting HDL 0.66 0.081 <0.001 [0.50, 0.82]
Eating fast food 3.32 1.57 <0.001 [0.204, 6.44]
Endline TC/HDL Cholesterol Pre-fasting TC/HDL 0.48 0.067 <0.001 [0.34, 0.61]
Age 0.034 0.013 0.010 [0.004, 0.057]
Smoking 1.035 0.471 0.031 [0.098, 1.97]
Endline LDL/HDL Cholesterol Pre-fasting LDL/HDL 0.529 0.052 <0.001 [0.426, 0.60]
Smoking 0.795 0.306 0.011 [0.186, 1.41]
Age 0.015 0.008 0.083 [-0.002, 0.035]
Fasting -0.249 0.113 0.03 [-0.475, -0.024]
Endline Fasting Blood Sugar Pre-fasting FBS 0.42 0.101 <0.001 [0.22,0.62]
Fasting -11.45 1.733 <0.001 [- 14.90, - 8.0]
Age 0.27 0.128 0.037 [0.17, 0.53]
Endline Mean Systolic BP Pre-fasting Systolic BP 0.89 0.041 <0.001 [0.805, 0.97]
Fasting -4.92 1.11 <0.001 [-7.12,-2.72]
Endline Mean Diastolic BP Pre-fasting Diastolic BP 0.878 0.051 <0.001 [0.78, 0.98]
Fasting -4.20 0.902 <0.001 [-5.99, - 2.40]
Endline fasting BMI Pre-fasting BMI 1.01 0.012 <0.001 [0.983, 1.03]
Fasting - 0.685 0.093 <0.001 [-0.87, - 0.50]
Monthly Income -0.218 0.100 0.031 [- 0.416, - 0.02]
Endline fasting WC Pre-fasting WC 0.982 0.014 <0.001 [0.954, 1.01]
Fasting -331 0.318 <0.001 [-0.87,-0.5]
Eating fast food 7.35 0.330 0.29 [0.079, 1.39]
Endline fasting Triglyceride Pre-fasting Triglyceride 0.636 0.081 <0.001 [0.47,0.80]
Fasting -17.46 7.49 0.022 [-32.35, -2.56]
Educational status -17.29 7.50 0.024 [-32.21, -2.37]

Multiple Linear Stepwise Regression Analysis with mean end-TC, end-LDL cholesterol, end-HDL cholesterol, end-BMl,
end-WC and the end-ratios of TC/HDL-C and LDL-C/HDL-C as the dependent variables. Independent variables were
age, mean pre-BMI, fasting status, smoking, sex, educational level, WHR, pre-ratios of TC/HDL-C and LDL-C/HDL-C
and the pre-values of the dependent variables. Sex, fasting, smoking, physical activity, monthly income, eating fast foods
and snacks are dummies (sex: 0 = females and 1 = males, fasting status: 0 = control subjects and 1 = fasters, smoking: 0 =
non-smokers and 1 = smokers, Education status: < Secondary = 0 and > Secondary = 1, Eating fast food: not = 0 and yes =
1, Monthly income: < 2000 birr = 0 and > 2000 = 1, Physical activity: yes = 0 and no = 1, Snacking: not = 0 and yes = 1).
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Analysis of variance test across the three levels of alcohol consumption (non-consumers,
moderate level consumers and risk to health level consumers) have showed statistically
insignificant differences across groups. However, the types of oils used have shown statistically
significant difference in endline fasting blood glucose and triglyceride concentrations with p-
values 0.001 and < 0.001, respectively. Fasting blood glucose concentration is significantly
higher in palm oil users (91.85+9.66) than Niger seed oil (83.26+11.18) and sunflower oil
(81.67+11.27) users. Similarly, endline triglyceride concentration was significantly higher
among palm oil users (129.93+48.33) than niger seed oil (97.17+41.39) and sunflower oil users
groups (75.25+23.56).
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6. DISCUSSION

The most important finding of this study is that most serum lipids and anthropometric variables
significantly decreased among the fasting group over the fasting period. Despite similar
biochemical, anthropometric, and socio-demographic characteristics among fasters and controls
at baseline, fasters had decreased levels of total cholesterol, LDL-c, TG, LDL/HDL-c ratio,
blood pressure, fasting blood sugar, WHR and BMI at the end of fasting period.

Between the baseline and end line assessments, among fasters total cholesterol decreased by
11%, LDL-C by 20%, TG by 11%, LDL/HDL ratio by 21%, TC/HDL ratio by 12%, and blood
glucose 7%. In contrast, HDL-c only decreased by 0.7%. Most of these findings are in agreement
with the results reported by previous studies (11, 128-134).

A longitudinal study by Sarri et al 2003 (11) compared serum lipids and obesity indices between
fasters and non-fasters over the three principal fasting periods of Greek Orthodox Church and
have demonstrated that fasters had 10% reduction in TC, 12% reduction in the LDL-c levels,
body weight and BMI were decreased by 2% during the Easter fasting period. Similarly, Barnard
et al (128) who conducted a strict vegetarian-diet intervention study for 5 weeks on 35 healthy
women with comparable age (22 to 48 years) to the present study placed study subjects on the
intervention diet consisted grains, legumes, vegetables and fruit. After the intervention diet phase
total cholesterol and LDL were decreased by 13.2% and 16.9% respectively (128). Goff et al
(129) reported a significant decrease in triglyceride level in vegans compared to omnivores.
Likewise, Nieman et al (130) and Toohey et al (131) investigated Seventh-Day Adventists with
comparable dietary habits to the fasting group in our study. They found that lifetime strict
vegetarians had lower concentrations of total-, and LDL cholesterol, as well as blood glucose
concentrations when compared with non-vegetarians and lacto-ovo-vegetarians (p < 0.05) (130).

Toohey et al (131) also found lower levels of BMI, triacylglycerols and TC/HDL ratio.
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In the present study, the level of HDL-c was not changed significantly between baseline and end
line as well as across groups. This may be partly explained by the different dynamics of changes
in HDL cholesterol (132); in locations where a low-fat diet is a norm, HDL-c levels are low and
upon dietary fat restriction, further decrease in HDL-c become insignificant.
In contrast, increasing the amount of fat and cholesterol in the diets of such people with a
habitually low fat diet may increase their HDL-c, because the body will respond in a way to get
eliminate the extra fat and cholesterol by increasing the number of available cholesterol reverse
transporters (HDL-c); and hence, reducing dietary fat and cholesterol may cause a decrease in
HDL-c because there is less need for it (132).

In support of the above explanation, previous study by Kahleova et al (133) that followed
subjects with mean baseline HDL-c levels of experimental group (41.38+11.6) and control group
(42.15+7.7) provided with calorie restricted vegetarian diets over 24 weeks have shown no
significant change in HDL cholesterol within the intervention group and between comparison
groups (p=0.07). Similarly, Astazole et al (134), conducted a crossover study in individuals with
a low levels of HDL-c at baseline, providing them with a low-fat diet over six weeks resulted in
insignificant decrease in their HDL-C, but substantial decreases in their LDL-c concentrations
resulted in a significant change in the LDL-c/HDL-c ratio. In the present study, the baseline
mean HDL-c concentration of the subjects were not far from the borderline (43.84 + 10.85) for
the fasting and 42.64 + 8.39 for the control groups; further restriction in dietary fat because of
fasting have resulted in statistically insignificant changes (p=0.78) which is in agreement with
the above studies (133-134).

Lipoproteins ratios TC-c/HDL-c and LDL-c/HDL-c were reported to remain unchanged after a
Greek orthodox Christians fasting ritual (11), and low-fat vegetarian diet (128), possibly because
of simultaneous decreases in the concentrations of TC, LDL-c and HDL-c. However, in the
present study, both lipoproteins ratios were decreased significantly among fasters as a result of
decrease in the levels of TC and LDL-c with insignificant change in the level of the denominator
(i.e., HDL-c). This finding is supported by Toohey et al (131) that compared strict vegetarians
(vegans) to lacto-ovo vegetarian (LOV) in African-Americans. They reported that serum total
cholesterol, LDL-c, and triglycerides were significantly lower in vegans compared to LOV, but
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there were no differences in HDL-c; and the ratio of total to HDL-c was significantly lower in
vegans because of the isolated decreases in the numerator variable (i.e., TC). In the present
study, for the given significantly unchanged HDL-c levels, the 20% reduction in the LDL-c
brought a significant intergroup difference in LDL-c/HDL-c ratio (p=0.036); in contrast, the 10%
reduction in TC concentrations led to insignificant TC/HDL-c ratio intergroup variability
(p=0.137).

Fasting blood glucose concentrations were reduced by a mean difference of -6mg/dL, which is
7% in the present study. This finding is in line with Nieman et al (130) who showed that in
comparison to non-vegetarians, vegetarians had significantly lower serum glucose levels.
Correspondingly, Goff et al (129) have reported 7mg/dL mean reduction in fasting blood glucose
in vegans than omnivores. Calorie-restricted vegetarian diets have been shown to increase insulin

sensitivity through reduced volume of visceral fat and body weight (133).

The anthropometric measurements have shown a significant change during the fasting period
among fasters’ group (p < 0.001); a reduction of 2% in body weight, BMI and waist to hip ratio
whereas, waist circumference was reduced by 3%. At baseline there were no significant
difference between groups as presented in Table 3; however, these anthropometric variables have
shown statistically significant increases in the control group (p = 0.001) (Table 5).

Fasting and control groups had mean BMI in the normal category at both pre and endline fating
states. Fasting had a statistically significant impact on fasters' BMI at the end of the fasting
period. In accordance to the results in this study, Sarrie et al (11) reported 2% reduction in the
level of both body weight and BMI in the Greek Orthodox Christians Easter fasters. Haddad et al
(137), studying a group of vegans and non-vegetarians has found a significantly lower BMI
levels in the vegan group (137). Similar findings were reported for BMI reduction by Toohey et
al (131) and a significant reduction in waist circumference by Kahleova et al (133) after calorie-
restricted vegetarian diet. Greater improvement in risk factors occurs with greater body weight
losses (138), even a modest weight loss of 5-10% of initial body weight was shown to
substantially improve insulin sensitivity, glycemic control, hypertension and dyslipidemia in
people at risk (139).
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Seasonal changes were shown to affect anthropometric measurements (135-136) and lipid
profiles (93-96). In the present study, endline measurements were taken around mid-April, which
is two weeks before May, the hottest month of the year in Ethiopia. In warmer weather body
water increases because of fluid conserving hormone which allow the kidney to retain more fluid
and reduce the amount of salt in sweat leading to more water retention that account for weight
gain. In addition, unlike winter, in summer there is relatively lower metabolic rate and minimum
calorie burning to maintain core body temperature (135). The observed increase in the

anthropometric variables among controls could be attributed to seasonal change.

However, there were no simultaneous rises in lipid profiles along with the increase in
anthropometric variables in control group. Similarly, seasonal variations were shown statistically
significant changes in lipid levels irrespective of the geographical area, and irrespective of the
age, sex, ethnicity, and baseline lipid levels of the individuals (92). According to the study
carried out by Robinson et al (94), the mean monthly cholesterol levels were negatively
correlated with mean monthly air temperatures. Seasonal changes in plasma volume explain a
substantial proportion of the observed variation; a relative plasma hypervolemia during hot
season is linked to increase in temperature (93, 96); in addition, the activity of lipoprotein lipase

enzyme is also lower in summer (96).

Fasting led to significant reductions in systolic (5%) and the diastolic (4%) blood pressure
(p<0.001). The mean difference was -4.5 and -3.4 mmHg for systolic and diastolic blood
pressures, respectively. Comparable finding was reported by Appleby et al (140) by comparing
vegans and meat eaters. Vegans were reported to have a lower prevalence of hypertension and
lower systolic and diastolic blood pressure than meat eaters. The mean differences in blood
pressure reduction between meat eaters and vegans among participants with no self-reported
hypertension were -4.2 mmHg in systolic and -2.8 mmHg in diastolic blood pressure (140).
Similar finding was also reported by Goff et al (129) that vegans had a significantly lower mean

systolic blood pressure when compared to omnivores.

Reduced intakes of dietary saturated fatty acids and cholesterol are known to lower total and
LDL cholesterol concentrations and are associated with low risk of cardiovascular diseases (141-

142). Reducing dietary saturated fat to 7% of energy was shown to reduce in serum cholesterol
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concentration by 10% and mortality from ischemic heart disease by 25-30% (141). Food
composition analysis of Greek orthodox Christian nuns’ showed that their diet was very low in
cholesterol and in saturated fat intake (6% of total energy intake), and high in fiber and
antioxidant vitamins that could be attributed to the nuns' high consumption of fruit, vegetables,
cereals and legumes (143).

Vegetarians consume more grains, vegetables, fruit, and legumes; as a result their diet consists of
more dietary fiber and less dietary cholesterol (137). Calorie restricted vegetarian diet was shown
to improve body mass index and LDL-c level more than a conventional diet (139). Meta-analysis
of randomized controlled trials found that diets high in dietary pulses/legumes (beans, peas,
chickpeas, lentils) reduced TC and LDL-c (144), lowered fasting blood glucose levels (145).
Evaluations of nutrient intake levels done by Haddad et al (137) have shown that vegan diets
provides significantly higher amounts of ascorbate than non-vegeterians and the higher
antioxidants level in diet shown to maintain very low levels of LDL cholesterol (143). A

vegetarian diet was also reported to reduce intramyocellular lipid concentrations (129).

Frequent consumption of foods high in dietary fibers (vegetables, pulses/legumes, cereals) is
associated with a decreased risk of cardiovascular disease (139). In addition, high-fiber foods are
low in energy density and high in volume and thus favor satiety and discourage over
consumption (138-139); slow gastric emptying and delay absorption of glucose in small
intestine, thereby improve postprandial glucose level (139).

Plant sterols are cholesterol-like molecules found in all plant foods, with the highest
concentrations occurring in vegetable oils. They are absorbed only in trace amounts, but inhibit
the absorption of intestinal cholesterol (146) and hence cholesterol absorption significantly
reduced. Total bile acid excretion was also significantly increased with the consumption of plants
sterols (147). As LDL cholesterol is a marker for cholesterol synthesis and absorption, a daily
two milligrams of plant sterol supplementation for 4 weeks have shown to reduce LDL-c by
~10% (148).
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The beneficial changes seen in the biochemical and anthropometric indices among fasters could
be from a combination of restriction from all animal source foods/saturated fatty acids to a more
plant based diet rich in fibers, antioxidants, and plant sterols; calorie restriction with the majority
(84%) skipping breakfasts.

Regression analysis indicated that fasting is a significant determinant for most of the dependent
variables. In addition, age of participants was positively related to end TC/HDL ratio and end
blood glucose level, as indicated by Huma et al (54) that cardiovascular disease risks becomes
increasingly common with advancing age and the risk is similar to impaired glucose metabolism
(52). Smoking was positively related to end-LDL/HDL ratio which is similar to the finding by
Craig et al (75) that in comparison to non-smokers, cigarettes smokers had significantly higher
LDL and lower HDL cholesterol levels. In this study, the practice of eating fast foods was
positively related to both end-HDL levels and end-waist circumference. Previous study (6)
indicated that individuals with preference for fast foods were shown to consume fatty foods
providing additional calories that are more likely to bring positive energy balance. In the
contrary, calorie restricted diet shown a significant reduction in waist circumference (133).

Among the socio-economic factors, educational status was shown to relate negatively to end-TG
level; and monthly income was also negatively related to body mass index. A higher level of
education positively affects health, and negative relationship between education and lipid
profiles were previously reported by Tadesco et al (67). Higher income level was similarly

shown to provide a better access to healthy diets, leading to a lowering of health risks (58).

Types of oils used have shown statistically significant difference in end-triglyceride and end-
blood glucose levels. The levels are significantly higher in palm users than niger seed oil and
sunflower oil. The study by Mohammadifard et al (149) evaluating different oil types
consumption in subjects over 40 days have shown a significant rise in triglyceride levels in
hydrogenated vegetable oils (ghee) consumers; and such lipid level changes are associated with
reduced insulin sensitivity (52). Hydrogenation produces undesirable trans fatty acids that have a
negative impact on plasma lipoprotein profiles. Aini et al (150) indicated that Palm oil has
similar physical characteristics to vegetable ghee. Unlike other vegetable oils, palm oil is rich in

saturated fat (52).
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7. STRENGTH AND LIMITATIONS OF THE STUDY

The study assessed the effect of religious fasting to cardiovascular disease risk factors for the
first time in Ethiopia, and therefore will serve as a baseline for future studies.

The study used participants selected through non-probability sampling method, and thus may
affect the external validity of the findings. However, the study used a within-subject design that
helped see changes before and after fasting. Besides a control group was also involved to control

for environmental variations.
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8. CONCLUSIONS AND RECOMMENDATIONS

Periodic abstinence from animal source foods during the Ethiopian Orthodox Christians’ Easter
fasting period and shifts to strict vegetarians’ diet like style by fasters in this study attributed to
the observed biochemical and body measurement changes. Compared to controls, fasters
presented decreased serum lipoproteins level and anthropometric measurements. Religious
fasting has a substantial impact on health-related behaviors and shown to reduce cardiovascular
diseases risk factors among fasters. However, whether these effects are sustained after the fasting
and how multiple fasting throughout the year affect cardiovascular disease risk factors remains

unknown.

Religious fasting practice has a positive effect on the reduction of cardiovascular disease risks;
however, periodic abstinences from animal source foods may have an effect on micronutrients

status and thus warrant further studies.

This study was not included other predictors like genetic (ApoE polymorphism) that affect serum
lipids response to the dietary factors. Future studies need to consider genetic factors,
inflammatory markers and plasma insulin levels. In addition, long term effects of oil types that
are consumed by the population need to be studied with respect to lipid profiles, blood glucose,

plasma insulin and inflammatory markers.
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Annex 2: Participant’s Information Sheet and Consent Form

English version information sheet and consent form for participating in the study, “Assessment
of the Effects of Ethiopian Orthodox Christian fasting on serum lipids and Anthropometric

Measurements” Addis Ababa, Ethiopia
A. Information Sheet

Identification Code:

Hello, how are you?

My name is Habtamu Guja, | am a Masters Student in AAU, college of health sciences, school of
public health, as a principal investigator conducting this study.

The objective of this study is to assess the effects of Ethiopian Orthodox Christians Easter
fasting on serum lipids profile and on the anthropometric indices of obesity.

Your cooperation and willingness to participate in the interview, body measurement & providing
blood sample is very helpful in identifying the effect of fasting on those dependant variables. |
assure you that all information that you give will be kept strictly confidential. Your participation
is voluntary and you are not obliged to answer any question you do not want to answer. If you
are not still comfortable with interview, please be free to stop me any time you like there is no
harm if you don’t answer the questions and no special benefit you get except knowing your lipid
profile, blood glucose level, blood pressure and BMI status at the end of the study. If you are
willing to participate, the interview questions and measurements will take 30- 40 minutes. |
would like to interview you few questions regarding socio-demographic characteristics; health
behavior and fasting experience; health related and medication use; and dietary assessment.
Body measurements (height, weight, waist and hip), blood pressure and blood samples will be

collection twice at pre and of end fasting for biochemical measurements.
We would be thankful if you spend some time with us answering questions.

1. If yes, Name of interviewer Signature
2. If not, skip to the other participant
For more information and question here is the contact address of investigator:
Habtamu Guja: Tele: 0911 912460; e-mail: habtamugujab@yahoo.com
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B. Consent form

I am informed on study to be conducted by Masters Student in AAU,

college of health sciences school of public health on Assessment of the Effects of Ethiopian
Orthodox Christian fasting on serum lipids and Anthropometric Measurements. The objective of
the study is to assess the effects of Ethiopian Orthodox Christians Easter fasting on serum lipids
profile and on the anthropometric indices of obesity and participation to this study is voluntary
no obligation to answer any questioner there is no harm by not answering the questions and no
special benefit by answering the question except knowing my health status at the end of the study
and also the interview will take 30- 40 minutes. | heard all the information mentioned above and

willing to participate in the interview.

1. Signature of the study subject agreed to participant as per the above stated information

2. Name of interviewer Signature
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Annex 3: Questionnaire (English Version)

Individual’sID:
Date of Interview: /[ 2015
Timestarted: _ _:  ~ AM/PM TimeEnded: __: ~ AM/PM
Name: Telephone (Res)
Telephone (Office) Mob
Physical Address: Sub city: , Woreda: Kebele: H.No:__
Role of participant in the study: Faster [ Non-faster/Control [

Methods of Assessment is classified in to three: I. Questionnaire,
1. Anthropometric Measurements and
I11. Biochemical Analysis

l. QUESTIONNAIRE

1. Socio-demographic Characteristics

No | Questions Responses

Code

1 Age ( Completed years)

2 Sex . Male O 2.Female 0O

3 Educational Level . No formal Education
. Primary Level
. Secondary Level

. Tertiary Level

4 Marital Status . Single

. Married

. Widowed

5 Monthly Income (Eth Birr) . No regular income

. Less than 999

. From 1,000 to 1,999
. From 2,000 to 2,999

1
1
2
3
4
1
2
3. Divorced
4
1
2
3
4
5. >3,000

Ob0oogoubbobd
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2. Behavioural Risk Factors & Fasting Experience Assessment

No | Questions Responses Code
1 Do you Smoke? 1. Current smoker —_
2. Current non-smoker [
2 Do you drink an alcohol? 1. Yes I 2.No [
If yes, how often & amount? Frequency:
Type:
Amount per occasion:
3 Do you chew Chat/Khat? 1. Yes I 2.No [
4 Do you do physical activity (> 30min
walk, or fitness training >3 times per | 1. Yes [ 2.No 0O
wk)?
5 Do you participate in EOC fasting practice? | 1. Yes O 2.No O
5.1 | If yes, among the 7 fasting periods in | 1. Salivation fasting (wednesday & friday)[—
which of them do you participate? 2. Fasting preceding Christmas (Gena) [J
3. Fasting preceding Easter (Fasika) 1
4. Sene —J
5. Nenewie [
6. Assumption of the Virgin Merry(Filseta]—
7.Tsegie ]
52 | For how many years have you
participated in the above chosen fasting (in years)
periods?
5.3 | During fasting, to what extent do you 1. Deprivation of all ASF + eat breakfast [

limit your intake?

2.
3.
4.
4.

(I
Deprivation of ASF + skip breakfast [1
Deprivation of ASF + fasting until 3PM[J
Other

Deprivation of all ASF except fish

ASF Animal Source Foods, EOC Ethiopian Orthodox Church
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3. Health Related Questions

No | Questions Responses Code
1 Do you have a chronic illness? 1. Yes I 2.No [
1.1 | If yes, mention the type of chronic illness | 1. Diabetes Yes [ No [J
2. Hypertension Yes [ No [
"
you have: 3.CVD Yes 1 No [
4. Thyroid Disorder Yes [ No [
5. Dyslipidemia Yes [ No [
6. Cancer Yes [1 No [
Other: Specify
2 Are you currently taking long term | 1.Yes [ 2.No O
medication / food supplements?
2.1 | If yes, name of medication/any supplement (Specify)
3 What do you say about your general health | Very Good ]
Status (Self-Reported)? Good [
Poor ]

4. Dietary Assessment

4.1. List foods that you avoid because of intolerance, food allergy, or for any other reasons

except for religious fasting:

4.2. Do you consume fast foods (potato chips, French fries, sambusa, etc)? Yes [

4.3.

Do you consume snacks?

4.3.1. If yes to the above question, how often do you consume snakes?

4.4.

or name of edible fat/oil

Type

used

if foods are

No O

Yes OO No O

Yes O No O
prepared at home
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4.5. Food Frequency Questionnaire;
How often, in the past 7 days, did you eat the following?

List of foods

Range of frequencies

Never

Weekly

Daily

Never

<2x/wk |3-6x/week |Once/day |>2x day

Fruit (fresh & canned; bananas, oranges, papaya, avocado, mango,

guava, peach, pineapple, apples, etc. or juices made from them)

Vegetables (fresh & canned; tomato, cabbage, kale, spinach,

broccoli, carrots, lettuce, mushrooms, etc.)

Pulses/legumes/nuts: (chickpeas, Lentils, peas, beans, broad
beans, soya, groundnut & other pulses. Foods made from them;

stew, peanut butter, testi soya, dry roasted or boiled pulses etc.

Grains/Cereals (rice, wheat, sorghum, millet, teff, maize, oats,
barley, finger millet etc. or foods made from them; injera, bread,

porridge, dry roasted or boiled grain, pasta/macaroni)

Milk & Milk products (cow milk, powder milk, yogurt, cheese,
whey)

Fish (fresh, dried & canned like roasted, stew, lebeleb, etc.)

Eggs (fried, boiled, omelet in salad, in baked goods, etc.)

Meat (chicken, beef, goat, sheep or meat products sausages, stew)

Cooking Oil/Fat: oils, fats or butter added to food or used for

cooking

Roots and Tubers (cassava, taro, white potato, beetroot, sweet

potato, pumpkin, bulla, kocho, manioc etc )

Coffee and Tea

Household sugar/honey

Confectionery (ice-cream, candy, chocolates, biscuits, cakes,

cookies, Soft Drinks, energy drinks, sweetened juice drinks)
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Il. ANTHROPOMETRIC AND BLOOD PRESSURE MEASUREMENTS

No | Variables Pre-Fasting End of fasting Difference
1 Weight (Kg)
2 Height (Cm)
3 Waist Circumference (Cm)
4 Hip Circumference (Cm)
5 | BMI (Kg/m?)
6 Waist-Hip Ratio
7 Systolic BP (mmHg) Measurement 1
Systolic BP (mmHg) Measurement 2
Systolic BP (mmHg) Average
8 Diastolic BP (mmHg) Measurement 1
Diastolic BP (mmHg) Measurement 2
Diastolic BP (mmHg) Average
1. BIOCHEMICAL ASSAYS
No | Parameters Pre-Fasting End of fasting Difference
1 FBS (mg/dL)
2 Triglyceride (mg/dL)
3 LDL-Cholesterol (mg/dL)
4 HDL-Cholesterol (mg/dL)
5 Total-Cholesterol (mg/dL)

FBS Fasting Blood Sugar; LDL & HDL Low & High Density Lipoprotein
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PADT+ PTG THLT oaomT WS PRI° 74T Aht
(ANTROPOMETRIC AND BLOOD PRESSURE MEASURMENTS)

No | Variables Pre-Fasting End of fasting Difference
1 Weight (Kg)
2 Height (Cm)
3 Waist Circumference (Cm)
4 Hip Circumference (Cm)
5 BMI
6 Waist-Hip Ratio
7 Systolic BP (mmHg) Measurement 1
Systolic BP (mmHg) Measurement 2
Systolic BP (mmHg) Average
8 Diastolic BP (mmHg) Measurement 1
Diastolic BP (mmHg) Measurement 2
Diastolic BP (mmHg) Average
Il.  h&I® Gov-§ PTUNE PPONT AS PON.Coom? Ah (BIOCHEMICAL ASSAYS)
No | Parameters Pre-Fasting End of fasting Difference
1 FBS (mg/dL)
2 Triglyceride (mg/dL)
3 LDL-Cholesterol (mg/dL)
4 HDL-Cholesterol (mg/dL)
5 Total-Cholesterol (mg/dL)

FBS Fasting Blood Sugar; LDL & HDL Low & High Density Lipoprotein
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