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The traditionally semi-nomadic Bedouin Arabs in Israel are undergoing urbanisation with concurrent lifestyle changes, including a shift to using

unfortified white-flour bread instead of wholewheat bread as the main dietary staple. We explored associations between the transition from whole-

wheat to white-flour bread and (1) lifestyle factors, (2) overall diet quality, and (3) health status. We conducted a nutrition survey among 451

Bedouin adults, using a modified 24 h recall questionnaire. Bread intake accounted for 32·7 % of the total energy intake. Those consuming pre-

dominantly white bread (PWB) (n 327) were more likely to be urban (OR 2·79; 95 % CI 1·70, 4·58), eating store-bought rather than homemade

bread (OR 8·18; 95 % CI 4·34, 15·41) and currently dieting (OR 4·67; 95 % CI 1·28, 17·11) than those consuming predominantly wholewheat bread

(PWWB) (n 124). PWB consumption was associated with a lower intake of dietary fibre (23·3 (SE 0·6) v. 41·8 (SE 1·0) g/d; P#0·001), a higher

intake of saturated fats (26·9 v. 24·6 % of total fat; P¼0·013) and lower intakes of Fe (11·0 (SE 0·3) v. 16·7 (SE 0·4) mg/d), Mg (262·2 (SE 5·9) v.

490·3 (SE 9·8) mg/d), vitamin E (6·5 (SE 0·2) v. 8·6 (SE 0·3) mg/d) and most B vitamins than PWWB consumption (P,0·001 for all), after adjusting

for total energy intake. Among those aged $ 40 years, PWB consumption was associated with a 9·85-fold risk (95 % CI 2·64, 36·71; P¼0·001)

of having one or more chronic conditions, as compared with PWWB consumption, after controlling for other risk factors. White bread intake

was associated with a less traditional lifestyle and poorer diet quality, and may constitute a useful marker for at-risk subgroups to target for

nutritional interventions.

Nutrition transition: Whole-wheat intake: Diet quality: Bedouin Arabs

Bedouin Arabs living in the Negev Desert in southern Israel
were traditionally a semi-nomadic population(1) who, during
the past 60 years, have been undergoing a process of sedentar-
isation and urbanisation(2,3). Similar to many indigenous
populations in industrialised countries, and the populations
of developing countries, the Bedouin are experiencing a nutri-
tion transition characterised by the replacement of traditional
diets with diets higher in refined and processed foods, and
the dual burdens of under- and over-nutrition(4,5).

Historically, the Negev Bedouin were semi-nomadic agro-
pastoralists. Due to regional economic development, they
began to engage in wage labour in the 1940s, but agro-
pastoralism was the mainstay of their economy(3). From
Israel’s establishment in 1948 to 1966, Bedouin mobility
was restricted to a designated reservation area, and this largely
eliminated their access to wage labour jobs. The restrictions
led to spontaneous sedentarisation, and increased their depen-
dence upon localised agro-pastoralism(3,6). The primary crop
raised was wheat, from which their traditional dietary staple
of high-extraction wholewheat flour bread was made. This
staple food comprised 50–60 % of their total energy
intake, since it formed the basis of most dishes in the diet,

or alternatively, was used as the utensil for eating other
foods from common plates(1,2). This lifestyle entailed a high
level of physical activity, and in the 1960s anthropometric(1)

and clinical(7) data on Bedouin adults indicated that the BMI
for men and women were about 21·3 and 21·4 kg/m2, and
that rates of hypertension and diabetes among those
aged $ 30 years were 3·2 and 2·5 %, respectively.

In the mid- to late-1960s, the government ended the restric-
tions on Bedouin mobility, and began establishing non-
agricultural, urban-style settlements for this population(3,6).
As a consequence of these changes, the Bedouin gradually
became dependent upon integration in the modern Israeli
labour market for their subsistence. Though not all Bedouin
moved to the towns, most agricultural and herding activities
ended, while access to markets and modern amenities
(for example, motor vehicles; and for the urbanised, electri-
city, refrigeration, etc) improved(2,3,8). The lifestyle changes
also included exposure to a range of Western foods resulting
from increased commerce and interchange with the surround-
ing, more Westernised environment. New foods have entered
the Bedouin diet to varying extents(9) and have replaced
traditional foods; however, quantitative data are scant and
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thus do not clarify the nature, extent or effect of these changes.
During this same period, chronic disease prevalence has
increased dramatically as compared with that reported in the
1960s. According to recently published data from the medical
records of the Clalit Health Maintenance Organisation (HMO)
serving over 85 % of the Bedouin population(10), rates of diag-
nosed hypertension and diabetes have reached 21·0 and
16·9 %, respectively, among those aged $ 40 years(11,12).

These processes of change gave us our a priori hypothesis
that bread type consumption may be associated with lifestyle
and dietary transition, and could be used to track that tran-
sition and its effect on diet quality and health. Therefore, in
the Bedouin Nutrition Study (BNS), we set out to explore
the associations between predominantly wholewheat bread
(PWWB) v. predominantly white bread (PWB) intake and life-
style and dietary/diet quality changes, and possible health
consequences among Bedouin undergoing this transition.

Methods

Bedouin population background

The Bedouin lifestyle before 1948 through the 1960s has been
described in detail elsewhere(1,2). Briefly, they raised seasonal,
rain water-dependent crops (primarily wheat, barley and
lentils), and engaged in semi-nomadic animal husbandry,
maintaining herds of sheep, goats and camels(1,2,8). This life-
style required a high level of physical activity from men,
women and children. In addition to herding, animal care,
and agriculture, it involved transporting water, gathering
fuel, processing and preserving traditional dairy and other
agricultural products, food production (for example, slaughter-
ing livestock for meat, making bread), utilising wool and goat
hair to weave carpets and tents, and make other household
items, and a great deal of walking, as other means of transpor-
tation were limited(1,2). In the late 1960s, the government
began establishing urban-style settlements for the Bedouin,
which were parcelled into 1000 m2 lots for the construction
of residential housing. These towns supplied modern
amenities such as running water, electricity, telephone
services, and local stores, health clinics and schools, but few
local employment opportunities, so some Bedouin did not
agree to move to the towns(3,6). When the BNS was conducted
(2001–3), the Negev Bedouin population numbered 138 000,
of whom about 60 % lived in government-planned towns(13).
The remaining 40 % lived more traditionally in unrecognised
villages not connected to central infrastructures for water,
electricity and land-line telephone services, and highway
networks. The socio-economic status of the Negev Bedouin,
as measured by education and income levels, remains the
lowest of any population group in Israel(13,14).

Study design

The BNS has been described elsewhere(15,16). The study was
conducted with the aim of obtaining dietary intake data for
Bedouin adults in the Negev. The use of standard methods
for drawing a random sample (for example, street addresses
from voter registration lists, telephone directories, etc)
would have systematically excluded those living in settings
that lacked official mapping/street addresses and land-line

telephones (about 40 % of the population). To obtain a
sample that included Bedouin from both recognised and
unrecognised localities, we drew the study population
from Bedouin adults visiting family members at the Soroka
University Medical Center, the only regional hospital serving
the southern (Negev) region of Israel, and adults accompany-
ing children attending the prenatal/preventive care Ministry of
Health Maternal and Child Health Care clinics in Bedouin
towns. These settings provided us with access to a broad,
inclusive cross-section of the population because the regional
hospital and clinics in the towns serve both the local municipal
residents and residents of the surrounding unrecognised
villages, and these healthcare services are provided free
(curative services) or for a low, nominal cost (preventive
services) to all citizens by law.

We used the PEPI v. 3 software (Brixton Health, Llanidloes,
Powys, UK; http://www.brixtonhealth.com) to calculate the
sample size, according to the number of participants needed
to reliably estimate protein intake. The calculation was
based on the size of the Bedouin population aged $ 19 years
(about 47 000 in 2000)(17), and a standard deviation for the
estimate of protein intake similar to that reported for the
Jewish population in the Negev (33 g/d)(18), with a CI of
^3 g/d, which yielded a required sample size of 463. Since
even at the upper end of the CI, the relative standard error
of the protein estimate was 5 %, which is well below the stat-
istical criterion of a relative standard error .25 % used by the
National Health and Nutrition Examination Survey
(NHANES) to define unreliable nutrient estimates(19), we
sought to recruit a sample of between 450 and 500 adults.
Bedouin adults (aged $ 19 years) accompanying patients or
children who were waiting for services were invited to partici-
pate in the study. Response rates were high (91 %), as waiting
times in these facilities tend to be quite long. The primary
reason for refusal was insufficient time before the
appointment.

Arabic-speaking interviewers familiar with the Bedouin
culture interviewed 519 participants. We excluded forty-five
interviews obtained during the Islamic month of Ramadan,
which involves fasting from sunrise until sunset, and another
twenty-three questionnaires that contained intake data of
,3347 or .17 573 kJ (,800 or .4200 kcal) for men, and
,2510 or .14 644 kJ (,600 or .3500 kcal) for women(20).
This resulted in a sample of 451 participants who were
included in the analysis.

Common-plate dietary assessment and food database

We used a modified US Department of Agriculture 24 h recall
questionnaire(15,21), which was validated for use in Israel(22),
and the standardised five-pass method(23) to obtain dietary
intake data. That questionnaire was further adapted to capture
the traditional dietary habits of the Bedouin population that
involve eating meals from common serving dishes(15,16). In
meals eaten with bread, a bite-sized piece of bread is torn
from the pita or bread and serves as a single-use utensil for
taking food from common plates (with which it is consumed).
This results in a very high bread intake. Since many of the
foods served in common plates are sauce-like, or liquid, it is
not possible for a person eating with others to visualise how
much he/she consumed from the common plate. In other
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meals, the food is served on a large platter around which
everyone sits, and the rules of hygiene require that each
person eats from the part of the platter directly in front of
him/her. A full description of the modification process of
the 24 h recall for common-plate eating can be found else-
where(15). Briefly, for foods eaten with bread from common
plates shared with other diners, the interviewer asked respon-
dents how much bread they ate during the meal, and the
relative amount eaten (smaller ¼ 1, medium/approximately
equal ¼ 2, larger ¼ 3) from each of the common-plate
dishes, and the bread intake was partitioned accordingly
among the common-plate dishes. The method for calculating
the portion size consumed from each common-plate dish
was based on weighed records (obtained under natural
eating conditions from adults in rural and urban Bedouin
households), from which we determined the ‘carrying
capacity’ of bread for foods of different consistencies. The
weight records, expressed as g common-plate dish per g
bread, were grouped according to foods with similar consist-
encies into a range of food:bread ratios, and were used,
together with the amount of bread apportioned to each
common-plate dish, to calculate the amount of common-
plate food consumed (Fig. 1). For meals eaten from a single
large common platter, pictures with different relative portions
removed from the platter were used as reporting aids. Quasi-
validation of the energy intake data were conducted by

comparing estimated energy requirements, based on BMR
and reported physical activity levels (PAL), with reported
energy intake, and was found to be well within the range of
values reported for the original US Department of Agriculture
24 h recall in a variety of populations(15).

Trained Arabic-speaking interviewers conducted the
interviews in Arabic using a modified US Department of
Agriculture instruction manual for different food types and a
food models/portion-size booklet that included common
Israeli and Bedouin foods, utensils and portion sizes. As
instructed in the 24 h recall interview manual, interviewers
obtained information on whether foods were commercially
prepared or homemade. In particular, they determined whether
bread was store-bought or homemade, as well as the specific
type of bread, and flour used.

We derived the nutrient values(24) for all survey foods and
ingredients using the food composition tables of the
S. Daniel Abraham International Center for Health and Nutri-
tion which are based on US Department of Agriculture
Release SR19, modified to include Israeli manufactured
foods, common Israeli recipes(18), and traditional Bedouin
foods and recipes(15). Trained nutritional data entry coders
used our computer system to enter data into the database.
Recipes were calculated using another computer system
develped at the Center based on the concept of the Amercian
Food Information Analysis System (FIAS) program(18,25).

Fig. 1. Example of estimating individual intake for the ‘target diner’ from foods eaten with bread from common plates shared with other diners, where the target

diner’s bread was divided approximately equally (relative amount ¼ 2) between common-plate dish 1 (CP1) and common-plate dish 2 (CP2), and less (relative

amount ¼ 1) was used to eat from common-plate dish 3 (CP3). The weight of bread used with each dish (g) is multiplied by the food:bread ratio of the dish (1·3

for semi-solid; 1·0 for liquid) to obtain a portion size of 83 g for CP1, 64 g for CP2 and 42 g for CP3.
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Quality control

Quality control was applied at four stages. First, each
interview was checked for missing data within 1–3 d of the
interview. Second, after data entry, the BNS study coordina-
tor, who had extensive knowledge of Bedouin foods and the
process for quantifying intake from common plates, reviewed
each questionnaire for accurate data entry and appropriate
application of the common-plate quantification method.
Requests for corrections were then returned to the coders,
and re-checked. At the third stage, registered dietitians
reviewed each questionnaire, returned corrections to the
coders, and re-checked corrected data entries; and, at the
final stage, the BNS study coordinator and registered dietitians
made cross-interview checks to detect unusual nutrient or food
model values.

Bread group definition

As bread is the main staple in the Bedouin diet, we used it
to classify dietary change in the population. Bread was
coded according to the production process (for example,
store-bought or homemade), specific bread type, and flour
used. We used the bread codes to divide bread intake into
two types based on the flour used: (1) wholewheat flour
bread, including homemade wholewheat pita and traditional
unleavened bread, and store-bought wholewheat loaf bread,
rolls and buns; (2) white-flour bread, including store-bought
and homemade white-flour pita and unleavened bread, and
commercially produced white-flour loaf bread, rolls and
buns. We then divided the population into two bread groups:
(1) those with a PWWB intake pattern, who ate most of
their meals (two or more) with wholewheat bread; (2) those
with a PWB intake pattern, who ate white bread or other
refined carbohydrates (for example, white rice) with most of
their meals (two or more). Respondents who did not eat any
bread, who reported eating white rice or pasta instead, were
also included in this category.

Sociodemographic, health status and physical activity
information

Upon completion of the 24 h recall, the interviewers asked
respondents a number of demographic and health status
questions, including: place of residence (Bedouin town ¼

urban, unrecognised village/area ¼ rural); current employment
status (employed, unemployed) and occupation; whether they
currently smoked (yes, no) and if so, number of cigarettes
per d; whether they were currently following a medically pre-
scribed or other diet, and if so, what type (low-fat, low-sugar,
low-salt, weight-loss, other); number of years of schooling.
Regarding health status, we collected data on chronic disease
prevalence in the sample by asking respondents, ‘Have
you ever been told you have (chronic disease/condition) by
a physician?’; for diabetes, we excluded gestional diabetes.
The respondents’ weight (in light street clothing) and height
were measured, using a portable digital scale and collapsible
measuring stick. We used a physical activity questionnaire
based upon a synthesis of previously validated international
questionnaires(26,27), and modified for use in Israel(28), to
assess PAL. It included questions about the time spent in

and intensity of work, recreational, leisure-time and household
activities, and was further modified to capture specific activi-
ties associated with Bedouin lifestyle (for example, herding,
washing clothes by hand). The definitions of the joint FAO,
WHO and United Nations University report on human
energy requirements(29) were used to classify physical activi-
ties as: sedentary/light (non-strenuous occupations, no regular
leisure-time or lifestyle-required physical exercise); active/
moderately active (moderate occupational exertion or moder-
ate/vigorous leisure activity $ 1 h/d); or vigorously active
(very strenuous occupational or leisure activities several
hours per d).

Statistical analysis

We examined the sociodemographic and health status of
the BNS participants by bread intake group. In univariate
analyses, we compared the sample by bread intake group
(PWB, PWWB) and chronic disease prevalence (yes, no)
for categorical variables using x2 tests, and for continuous
variables using t tests. Variables from univariate analyses
resulting in P,0·10 were considered for inclusion in multi-
variate logistic regression. Independent variables were entered
using the backward stepwise method to identify the model
with the best goodness-of-fit (22 log likelihood). We used
general linear models to compare nutrient intakes by
bread group. Since micronutrient values were not normally
distributed, they were transformed using the natural log trans-
formation. We also used general linear models to compare
nutrient intakes by bread group with sex- and age-specific
dietary reference intake parameters of the US Institute of
Medicine(30), which are the reference parameters most com-
monly used. Macronutrient intakes were evaluated according
to the acceptable macronutrient distribution range (AMDR;
range of intakes associated with reduced risk of chronic
disease while allowing for adequate intakes of essential
nutrients). Micronutrient intakes were evaluated against the
recommended daily allowance (i.e. average daily dietary
nutrient level sufficient to meet the nutrient requirement of
97–98 % of healthy individuals in specified life-stage and
sex group). For the micronutrients for which the recommended
daily allowance parameters have not been determined due to
insufficient evidence, intakes were evaluated against the
adequate intake parameters (average daily intake level that
assumed to be adequate based on experimentally determined
approximations/estimates). We conducted all statistical
analyses using SPSS (version 14.0; SPSS Inc., Chicago, IL,
USA), using P,0·05 to indicate statistical significance.

The present study was conducted according to the
guidelines laid down in the Declaration of Helsinki and all
procedures involving human subjects were approved by the
Soroka University Medical Center Helsinki Committee.
Verbal informed consent was obtained from all participants,
and was witnessed and formally recorded.

Results

Table 1 presents selected population characteristics of the
study participants by bread group. Most respondents
(72·5 %) reported a PWB intake pattern. Participants in the
PWB group were more likely to be urbanised, better educated,
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employed, non-smokers and currently following a diet than
those in the PWWB group. PAL did not differ by bread
group, being sedentary/light for most respondents (86·3 %)
and moderate for the remainder (13·7 %). Only small pro-
portions of the participants continued to engage in traditional
physical activities, such as herding (3·8 %), animal care
(8·9 %), routinely hand-washing clothes (8·8 %), etc; and this
differed significantly by rural/urban status, but not by bread
group (data not shown). Most respondents who were dieting
were on weight-loss diets (74·2 %), with smaller numbers on
fat-, salt- or sugar-restricted diets.

Nearly all (97·6 %) reported eating bread, and the median
number of meals eaten with bread per d was 2 (range 0–5).
Mean bread intake accounted for 32·7 % of the energy
intake for the sample as a whole. Over one-third of the
energy intake of the PWWB group came from wholewheat
bread, as compared with 5·2 % among the PWB group; and
the reverse was observed for the percentage of energy
obtained from white bread (Table 1). Of the wholewheat
bread consumed, 97·7 % was homemade, while only 49·0 %

of the white bread consumed was homemade. Participants
with PWB intake obtained a lower percentage of their total
energy from bread than those with PWWB intake, and were
much more likely to consume store-bought rather than home-
made bread.

Due to possible confounding among the demographic/
population variables vis-à-vis the association with bread type
intake, we used a multivariate logistic regression model to
examine their independent contribution to being PWB v.
PWWB consumers. The model included rural/urban status,
employment, smoking, dieting, percentage of total energy
from bread, and store-bought bread consumption, and was
further adjusted for sex, age group, BMI category and PAL
(sedentary/light, moderate) (Table 2). Urban v. rural residence
was associated with a 2·8-fold likelihood of belonging to the
PWB group; while dieters v. non-dieters and those eating
store-bought v. homemade bread had a 4·7-fold and 8·2-fold
likelihood of being in the PWB group, respectively. All
of these associations suggest that PWB consumption is
characterised by a more Westernised lifestyle than PWWB

Table 1. Comparison of selected population characteristics between predominantly wholewheat bread
(PWWB) v. predominantly white bread (PWB) consumers among the Bedouin Nutrition Study population

(Numbers of subjects and percentages or mean values and standard deviations)

Bread intake groups

Total (n 451)
PWWB

(n 124; 27 %)
PWB

(n 327; 73 %)

Characteristics n % n % n % P*

Sex, women 302 67·0 75 60·5 227 69·4 0·072
Age$40 years 102 22·7 31 25·0 71 21·8 0·466
Urban residence 293 65·0 57 46·0 236 72·2 ,0·001
Employed 102 22·6 20 16·1 82 25·1 0·043
Current smokers 93 20·7 35 28·2 58 17·8 0·015
Currently dieting 35 7·8 3 2·5 32 9·8 0·010
Sedentary/light physical activity level 389 86·3 109 87·9 280 85·6 0·531
Store-bought bread at one or more meals 184 40·8 17 13·7 167 51·1 ,0·001
Self-reported chronic diseases†

Hypercholesterolaemia 19 18·8 2 6·5 17 24·3 0·034
Hypertension 26 25·7 5 16·1 21 30·0 0·141
Diabetes 16 15·7 2 6·5 14 19·7 0·090
Chronic heart disease (CHD) 3 4·2 0 0·0 3 6·5 0·549
Any of the above 38 37·3 5 16·1 33 46·5 0·004

Age (years) 0·474
Mean 33·8 34·3 33·6
SD 10·3 10·2 10·4

Education (years)‡ 0·003
Mean 8·4 7·3 9·0
SD 4·0 4·4 3·8

BMI (kg/m2) 0·139
Mean 26·0 26·5 25·8
SD 4·7 4·9 4·5

Energy from bread (%) ,0·001
Mean 32·7 38·6 30·4
SD 14·5 10·3 15·3

Energy from wholewheat bread (%) ,0·001
Mean 13·7 36·3 5·2
SD 17·2 11·6 9·6

Energy from white bread (%) ,0·001
Mean 18·9 2·4 25·2
SD 17·9 5·7 16·9

* For categorical variables, P for x2 test; for continuous variables, P for t test.
† Among those aged$40 years (n 102).
‡ Data available for a subsample of 70 and 157, respectively.
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consumption. PWWB intake patterns were associated with
deriving a higher percentage of total energy from bread, and
also with having a higher BMI.

In order to explore the diet quality changes associated with
this dietary transition, as described by bread intake patterns,
we examined the mean intake of selected nutrients by bread
group, adjusted for age, sex, rural/urban status, PAL and

(for micronutrients) energy intake. The results are presented
in Table 3, along with the mean percentages of the dietary
reference intake achieved by bread group. While in the
PWWB group the daily total energy and macronutrient intakes
were significantly higher than in the PWB group (P,0·001),
the groups did not differ in percentages of total energy from
protein, carbohydrates and fat. The mean intakes of both

Table 3. Daily nutrient intake by bread intake groups defined as predominantly wholewheat bread (PWWB) and predomi-
nantly white bread (PWB) intake patterns*

(Mean values with their standard errors)

PWWB (n 124) PWB (n 327)
Percentage of

DRI†

Nutrients Mean SE Mean SE P PWWB PWB

Total energy (kJ/d) 11 459 276 8223 167 ,0·001
Protein (g/d) 78·9 2·7 64·1 1·6 ,0·001

Energy from protein (%) 13·9 0·4 13·6 0·2 0·528 0·0 0·0
Fat (g/d) 72·6 3·0 56·6 1·8 ,0·001

Energy from fat (%) 27·6 0·8 26·2 0·5 0·144 16·1 13·3
SFA (% total fat) 24·6 0·8 26·9 0·5 0·013
MUFA (% total fat) 39·9 1·0 38·8 0·6 0·326
PUFA (% total fat) 27·8 1·1 27·4 0·7 0·762

Cholesterol (mg/d) 194·1 17·2 190·3 10·3 0·671
Carbohydrates (g/d) 373·6 10·2 308·6 6·2 ,0·001

Energy from carbohydrates (%) 62·7 0·9 61·9 0·5 0·566 31·5 39·1
Dietary fibre (g/d) 41·8 1·0 23·3 0·6 ,0·001 140·5 79·1
Ca (mg/d) 428·7 20·8 391·5 12·5 0·081 41·8 38·4
Fe (mg/d) 16·7 0·4 11·0 0·3 ,0·001 130·2 87·0
Mg (mg/d) 490·3 9·8 262·2 5·9 ,0·001 139·2 75·3
K (g/d) 3·0 0·1 2·3 0·0 ,0·001 63·1 49·0
Zn (mg/d) 11·6 0·3 8·1 0·2 ,0·001 113·8 79·2
Vitamin A (mg RAE/d) 453·2 288·8 677·4 172·9 0·743 54·7 82·2
Vitamin E (mg/d) 8·6 0·3 6·5 0·2 ,0·001 57·2 43·1
Vitamin C (mg/d) 92·3 6·9 88·0 4·1 0·237 106·6 101·2
Thiamin (mg/d) 1·35 0·03 0·88 0·02 ,0·001 109·1 71·3
Vitamin B2 (riboflavin) (mg/d) 1·43 0·06 1·21 0·04 ,0·001 109·5 92·6
Niacin (mg/d) 22·0 0·6 15·3 0·4 ,0·001 138·0 96·2
Vitamin B6 (mg/d) 1·80 0·05 1·34 0·03 ,0·001 118·8 89·3
Folate (mg/d) 290·2 13·4 275·5 8·0 0·144 63·2 60·5

DRI, dietary reference intake; RAE, retinol activity equivalents; PAL, physical activity level; AMDR, acceptable macronutrient distribution
range.

* Each result is obtained using a generalised linear model analysis, adjusted for age, sex, rural/urban status and PAL; each micronutrient
result is also adjusted for total energy intake.

† Values for macronutrients represent percentage above AMDR; values for micronutrients represent percentage of recommended daily allow-
ance or adequate intake.

Table 2. Results from a multivariate logistic regression analysis of the characteristics associated with predominantly white
bread (PWB) intake v. predominantly wholewheat bread (PWWB) intake pattern among the Bedouin Nutrition Study population*

(Adjusted odds ratios and 95 % confidence intervals)

Variables in the model Adjusted OR 95 % CI P

Female v. male 1·45 0·66, 3·16 0·353
Urban v. rural residence 2·79 1·70, 4·58 ,0·001
Age $ 40 years v. ,40 years 0·85 0·47, 1·51 0·574
Employed v. unemployed 2·03 0·93, 4·43 0·077
Smoker v. non-smoker 0·48 0·22, 1·05 0·068
Store-bought bread eaten at one or more meals v. no store-bought bread eaten 8·18 4·34, 15·41 ,0·001
Currently dieting v. not dieting 4·67 1·28, 17·11 0·020
BMI (reference: ,25·0 kg/m2)

25·0–29·9 kg/m2 0·45 0·26, 0·78 0·004
$ 30·0 kg/m2 0·43 0·21, 0·88 0·020

PAL; moderate v. sedentary/light activity level 0·83 0·37, 1·82 0·635
Total energy from bread; $median % (33 % þ ) v. ,median % (0–32 %) 0·48 0·29, 0·80 0·004

PAL, physical activity level.
* PWB coded 1; PWWB coded 0.
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groups were within the AMDR for all macronutrients.
None exceeded the upper end of the AMDR for protein
(10–35 %); however, 2·4 % of the PWWB group were
below the lower end of the range, as compared with 14·4 %
of the PWB group (P,0·001). Less than 20 % of respondents
exceeded the upper end of the AMDR for fat (35 %), while
approximately one-third exceeded the upper end of the
AMDR for carbohydrates (65 %). Most of the fat intake
(about 75 %) came from MUFA or PUFA; however, the per-
centage of total fat from SFA was significantly lower in the
PWWB than the PWB group (P¼0·013). PWWB respondents
exceeded, while on the average PWB respondents achieved
less than 80 % of, the adequate intake for dietary fibre.

The general linear model results showed significant differ-
ences between the PWWB and PWB groups in mean daily
intakes of most micronutrients, after adjustment for energy
intake, age, sex, rural/urban status and PAL (Table 3).
The intakes of Ca, K, vitamin A, vitamin E and folate were
below the recommended daily allowance or adequate intake
for all respondents, yet the intakes of most of these nutrients
were significantly higher in the PWWB than the PWB
group. PWWB respondents had higher intakes of Fe, Mg,
Zn, thiamin, vitamin B2, niacin and vitamin B6 (P,0·001)
than PWB respondents, and, on average, PWWB respondents
met or exceeded the recommended daily allowance for all
of these nutrients, while PWB respondents fell below the
recommended daily allowance.

To answer the question of whether this dietary transition, as
described by the bread groups, may also affect health, we
examined its association with reported chronic diseases
(hypercholesterolaemia, hypertension, type 2 diabetes and
CHD) in the sample. We conducted this analysis among
participants aged $ 40 years (n 102), since chronic disease
prevalence was low (1·0–2·6 %) for those below the age of
40 years. However, 37·3 % of those aged $ 40 years reported
having been diagnosed with one or more chronic diseases,
and this proportion was higher among PWB consumers than
PWWB consumers (46·5 v. 16·1 %). The same trend in
proportions was found when examining hypercholesterolae-
mia, hypertension, type 2 diabetes and CHD individually by
bread intake group (Table 1). Notably, diabetics in this
age group obtained 38 % of their total energy from bread
(compared with 33 % in the sample as a whole), and 88 %
reported PWB bread intake patterns on the recall day. In
univariate logistic regression analysis, the OR of having at
least one chronic condition in the PWB group as compared
with the PWWB group was 4·52 (95 % CI 1·56, 13·10;
P¼0·006). After controlling for other risk factors and possible
confounders, including age group, BMI category, PAL, sex,
smoking, rural/urban status, employment and total fat intake,
the OR increased to 9·85 (95 % CI 2·64, 36·71; P¼0·001).

Discussion

In the BNS study population, the intake of the main traditional
dietary staple, wholewheat bread, dropped to 14 % of the total
energy intake, from an estimated 50–60 % in the 1960s(1).
Concurrently, BMI for Bedouin men (about 21·3 kg/m2) and
women (about 21·4 kg/m2) in the 1960s rose to 25·0 and
26·4 kg/m2, respectively, and fewer than 10 % of the BNS
sample reported engaging in traditional physical activities.

These changes have been accompanied by dramatic increases
in chronic disease rates(2,11,12). The replacement of whole-
wheat bread as the traditional dietary staple with unfortified
white-flour bread was associated with a more Westernised
lifestyle, characterised by urbanisation, lower bread intake,
the consumption of store-bought bread, and dieting beha-
viours. Those in the sample who maintained the more
traditional wholewheat bread intake pattern (defined as
eating at least two meals per d with wholewheat bread)
obtained over one-third of their total energy from wholewheat
bread, and had a higher energy-adjusted intake of dietary fibre
and most micronutrients than those who consumed primarily
white bread (25 % of total energy), and obtained only 5 % of
their energy intake from wholewheat bread. Among
respondents $ 40 years, those with traditional PWWB intake
were less likely to report having been diagnosed with chronic
diseases than those with PWB intake.

The present study has a number of limitations. The cross-
sectional nature of the data prohibits making any causal
inferences from the findings. In addition, the sample was not
randomly drawn, so caution is needed when generalising the
findings to the larger Bedouin population. However, the
sample included a broad geographic cross-section, with suffi-
cient numbers of both rural and urban Bedouin to enable the
exploration of dietary change among these subgroups,
and the low level of engagement in traditional agro-pastoral
physical activities that we found is consistent with other
reports in the literature(31). Another limitation is that the
chronic disease data were self-reported, and we were not
able to check the participants’ medical records; however, the
rates of hypertension and diabetes we found were very similar
to those reported from the clinical records of the Clalit Health
Maintenance Organisation (HMO) to which over 85 % of the
Bedouin belong(11,12).

The dietary intake data were based on one 24 h recall ques-
tionnaire. This dietary assessment method does not provide
evidence of established dietary patterns; however, it is the
standard instrument used for the nutritional surveillance of
populations(32), and has frequently been used to do initial
evaluations of the effects of dietary change in populations
exposed to modernisation/Westernisation processes(5,33 – 35).
In addition, for the main variable of interest, bread – which
accounts for over 30 % of the total energy intake – there
tends to be less daily variability in intake in this population
than there may be with other foods. The Bedouin who bake
their own bread generally buy 50 kg sacks either of the locally
ground wholewheat flour or of white flour (or have their own
wheat locally ground into wholewheat flour in even larger
quantities). This determines the main type of bread being con-
sumed by the family over a long time period. For those who
buy rather than bake bread, white bread is generally the
only type of bread available for purchase in stores and bak-
eries in Bedouin communities. Therefore, given the relative
consistency in this major component of the Bedouin diet,
24 h recall data provide a means for assessing changes in
bread intake patterns, and the characteristics associated with
these changes. The findings also provide insight into the
potential consequences of these changes for the diet quality
and health status of the population.

In the BNS, the 24 h recall was modified for this specific
population. The modified instrument represents the first
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dietary assessment tool to be used among Negev Bedouin
Arabs that systematically quantifies individual intake from
common-plate meals eaten with bread on the basis of food:
bread ratios derived from weighed records(15). As such, the
results provide detailed dietary intake information on a popu-
lation in transition whose nutrient intakes had never been
directly assessed at the individual level. The only other
published dietary assessment of the Negev Bedouin was
conducted over 40 years ago, and estimated individual
intake by measuring household-level intake and dividing
it by the number of family members(1). This method over-
estimated individual intake because of unascertainable and
varying numbers of extended family members and guests
who also shared the meals.

In the present study, most participants reported a PWB
consumption pattern. The transition away from wholewheat
bread as the main dietary staple represents a Westernisation
of the traditional diet, and PWB intake was also associated
with markers of Westernisation/modernisation, including
urbanisation, the consumption of store-bought rather than
homemade bread, and dieting practices. Urbanisation has
probably contributed to reduced wholewheat bread intake. In
the traditional economy, the Bedouin raised grain, most of
which was made into wholewheat flour for bread, and
served as their main dietary staple(1,2). It is infeasible to
maintain such practices in urban settings, and we found that
a much lower proportion of urban than rural residents reported
having a PWWB consumption pattern, even though bulk sacks
of both locally ground wholewheat and white flour are readily
available in local Bedouin stores. The consumption of store-
bought bread is another by-product of modernisation. In this
particular context, it has also fuelled the transition away
from wholewheat bread intake because white-flour bread is
the most readily available and affordable commercial bread
product in Bedouin communities. In addition, dieting, primar-
ily for the purpose of losing weight, is another modern
phenomenon, perhaps linked to adopting more Westernised
body image ideals. Dieting in the BNS sample was associated
with adopting a more Westernised bread intake pattern (PWB
consumption), perhaps indicating a lack of awareness of the
benefits of whole-grain, high-fibre foods for maintaining a
healthy weight(36).

The food intake reported by PWB respondents was indica-
tive of a shift away from traditional dietary patterns, not only
in bread type, but in amount of bread consumed. Since
PWB respondents obtained the same proportion of energy
(about 62 %) from carbohydrates as PWWB respondents, the
transition away from wholewheat bread resulted in a whole-
grain food being replaced by refined carbohydrates.

The finding that those in the higher BMI categories
(.25·0 kg/m2) were more likely to have PWWB intake was
surprising, given that the literature has tended to show increas-
ing whole-grain intakes to be negatively associated with
BMI(37 – 40), although associations between refined grain
intakes and BMI have not been consistent(39,41). High
whole-grain intake is often associated with lower total
energy intake as part of healthier overall dietary patterns
with lower fat intakes, than those found among individuals
with high refined grain intakes(37 – 39). In the Bedouin popu-
lation, in contrast, the PWWB pattern represents maintaining
traditional dietary patterns based upon very high bread intakes

which provided the main source of energy for a physically
demanding lifestyle. In the BNS sample, those maintaining
the PWWB pattern had significantly higher absolute intakes
of bread, energy, total fat, carbohydrates and protein than
did PWB consumers. This suggests that PWWB consumers
maintained more traditional dietary patterns in terms of both
the quantity and quality of intake, despite the lower energy
requirements of modern life. Thus, the combination of
higher absolute energy intake, similarly sedentary PAL, and
lower reported dieting behaviours among PWWB as compared
with PWB consumers, may explain the association of the
PWWB dietary pattern with higher BMI.

The energy-adjusted micronutrient density of the PWWB
dietary intake was higher than that of the PWB intake.
PWWB consumers were less likely to be below the AMDR
for protein, and more likely to meet or exceed the
recommended daily allowance for dietary fibre, Fe, Mg, Zn
and most B vitamins. PWWB intakes of fibre, Mg and most
B vitamins were much higher than those generally reported
in Western populations(42,43). Nutrient intakes at these levels
were recommended in the Dietary Guidelines for Americans
2005, which incorporated the Dietary Approaches to Stop
Hypertension (DASH) eating plan(44). Though the proportion
of protein was lower and the proportion of carbohydrates
higher than DASH goals, PWWB respondents came very
close (and closer than many Western populations in which
the diet has been implemented) to DASH recommendations
for total fat, SFA, dietary fibre (exceeded), Fe, Zn, Mg, K
and several of the B vitamins(45), due to their high intake of
wholewheat bread. In contrast, the energy-adjusted dietary
fibre and micronutrient density of the diet of PWB consumers
was lower than that of PWWB consumers, and in most cases
fell below the recommended daily allowance.

The nutritional and health benefits of whole-grain foods
have been well established. There is a large body of evidence
supporting the association of whole-grain and high-dietary
fibre foods with a reduced risk of the metabolic syndrome(39),
hypercholesterolaemia(38), CHD(46,47), type 2 diabetes(48,49),
CVD mortality(50) and several types of cancer(51,52). A study
of urban Iranians(39) reported that those in the highest quartile
of whole-grain intake were at significantly decreased risk for
metabolic risk factors (for example, hypertriacylglycerolae-
mia, hypertension and the metabolic syndrome) than those
in the lowest quartile. The results of a systematic review of
prospective cohort studies of whole-grain intake and type 2
diabetes indicated that an increase of two whole-grain servings
per d was associated with a 21 % decrease in risk for develop-
ing type 2 diabetes(48).

The BNS findings suggest that the Negev Bedouin are simi-
lar to other traditional and indigenous populations among
whom the modernisation/Westernisation of diet and lifestyle,
and urbanisation processes have been accompanied by sharp
increases in chronic disease rates(33,53,54). PWB respondents
aged $ 40 years were over nine times more likely to report
having been diagnosed with at least one chronic disease
(hypertension, hypercholesterolaemia, diabetes, CHD) than
PWWB respondents after controlling for other known risk
factors, including age, BMI, sex, rural/urban status, PAL and
smoking. This observational finding must be viewed with
caution, because of the cross-sectional nature of the study,
and the multiple aspects of Negev Bedouin lifestyle aside
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from diet that have undergone change; thus, it clearly cannot
be used to make causal inferences. However, the observed
OR is consistent with the body of literature that has shown
an association between whole-grain food intake and reduced
risk for chronic diseases, and may be of public health import-
ance for the nutrition transition that is occurring in this
population.

Our findings identify a number of subgroups among Negev
Bedouin that should be further studied and perhaps targeted
for interventions promoting wholewheat bread and whole-
grain intake. These include urban residents, those wanting to
lose weight, and those with diagnosed chronic diseases. Our
data suggest that efforts may be needed to improve the acces-
sibility to and affordability of commercial wholewheat bread
for Bedouin who buy rather than make bread, and who live
in urban settings. The finding that middle-aged and older
Bedouin (aged $ 40 years) with diagnosed chronic diseases,
including diabetes, were more likely to be in the group
eating primarily white bread and other refined carbohydrates
is noteworthy. The high bread intake (38 % of total energy)
of diabetics aged $ 40 years, 88 % of whom were eating
primarily white bread, may provide one insight into why
reported rates of controlled diabetes (HbA1c ,7 %) were
so much lower (about 29 %) for this group than for Jewish
diabetics (47 %) being treated by the same managed health
care organisation(11). Our data suggest that middle-aged and
older Bedouin adults with chronic diseases, and those doing
weight-loss diets, who would most benefit from the intake
of whole-grain foods, have not received this message in a
way that has been effective in influencing their behaviour,
and should be targeted by nutritional interventions.

As many Western societies are faced with the challenge
of changing dietary habits to increase whole-grain food
consumption in order to reduce chronic disease risks(36), the
challenge for public and clinical health care providers in
the Bedouin community may be, instead, to reduce chronic
disease risk by preserving traditional whole-grain dietary
habits, in combination with other lifestyle interventions. Our
observational study suggests that PWB intake is associated
with a less traditional lifestyle and poorer diet quality, and,
among those above the age of 40, increased risk for chronic
diseases. Thus, PWB intake may constitute a useful marker
for at-risk subgroups to target for nutritional interventions.
Prospective cohort and intervention studies, which take into
account concurrent changes in other relevant lifestyle factors,
are needed to confirm these findings.
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