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ABSTRACT

Objective: to study intertribal and age-related variability of blood pressure
values relative to the body mass index (hereinafter - BMI) in Bedouin tribes
of the South Sinai using variance analysis and canonical discriminant analysis.

Materials and methods. The samples based on physiological parameters
(systolic and diastolic pressure, pulse pressure, and grip strength of the right
and left hands) included 304 male and 68 female adults of Gebeliya, Muzeina,
and Hamada tribes, and a combined group of representatives of various small
tribes referred to as “Others”. Body length, body weight, grip strength of the
right and the left hands of 482 adult males and 96 adult females were studied.

Results. The studied Bedouin group, with its reduced weight and height
values, stands out against the homogenous Middle East background. The per-
formed variance analysis for the male sample revealed significant (p<0.05)
intertribal differences in such parameters as grip strength of the right and
the left hands, diastolic pressure, pulse pressure, and BMI. The increased
hypertension rate was found in the age cohort of 19-29, probably due to their
increased exposure to the stress associated with the ongoing social changes.
According to the canonical discriminant analysis of the male sample, the
Wilks” lambda value was 0.72, and the intergroup variability was comparable
to the intragroup variability.

Conclusions. The problem of obesity is non-existent in the Bedouins resi-
ding in the South of Sinai. In the South Sinai Bedouin group, no significant
correlation was revealed between the blood pressure and body mass index
values. This fact is accounted for by the emaciation of the population. The
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authors tend to explain the low pulse pressure value in men (39.2 mm Hg)
by the increased peripheral vascular resistance. With the significant degree
of transgression in the tribal population, the canonical discriminant analysis
showed a minor incongruity in the first canonical variable. The result of the
multivariate study of physiological parameters is consistent with our primary
hypothesis on the ambiguity of intertribal differences in the groups living
under similar environmental conditions. While not denying the existence of
some individual mosaic distinctions in the Bedouin tribes, the results of the
performed multivariate analysis prove the intertribal differences in the cur-
rent set of physiological parameters to be insignificant.

Keywords: blood pressure, social modernization, South Sinai Bedouins, stress

The role of social environment occupies a special place among the issues con-
cerned with the adaptation of modern human populations to various envi-
ronmental factors. In particular, it is essential to identify the relation between
the degree of modernization in the society and the physical status of individu-
als. Numerous scientific papers on the issue (15; 16; 17; 25) focus on the risks
of the onset and progression of obesity, sedentary lifestyle and the resulting
hypertension, cardiovascular diseases, diabetes and other so-called “diseases
of civilization.”

The scientific materials collected during the expedition to South Sinai,
where the Bedouin population appeared to be on the verge of modernization,
provide valuable evidence regarding the physical status of a population that
is the polar opposite to the population of the countries plagued with overcon-
sumption. It should be emphasized that even 35 years after the collection of
the field materials, it is evident (12) that Bedouin society has not experienced
westernization yet.

Various anthropological aspects of the studied group have become the
focal point of numerous scientific papers (3, 5, 20, 23). In particular, a com-
prehensive monograph (20) concerned with the growth and development of
Bedouin children contains a detailed chapter on the history and specific fea-
tures of their social relationships. Bedouins in South Sinai - are a relatively
isolated group of tribes where endogamy prevails. They traditionally reside
in the highlands in the south of the Sinai Peninsula. The living conditions of
the South Sinai population are characterized by a lack of vital resources and
health care, poor nutrition, an archaic, tribal social structure, and centuries of
living in an unchangeable, severe arid mountainous semi-desert environment.

In this paper we will review the data collected by Tel Aviv University dur-
ing the course of expedition to South Sinai in 1979-1982 to try to bring clar-
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ity to the previously obtained results on the physiological parameters of the
Bedouin (23).

Intertribal variability of systolic (hereinafter-SBP) and diastolic (DBP)
pressure in the South Sinai Bedouin population is analyzed in the work of
H. Monk and joint authors (23). However, we find it unreasonable to look for
the differences in the changes of blood pressure at the tribal level due to the
common origin of these population groups residing in the area with a stable
set of environmental conditions. In other words, it seems highly debatable that
distinct differences will be found in the physiological parameters of closely
related populations living in almost identical conditions. Still, a multivariate
analysis is called for to verify these assumptions.

Objective. To study the intertribal and age-related variability in blood
pressure values associated with the body mass index (BMI) in the Bedouin
tribes of South Sinai using multivariate statistical methods.

MATERIALS AND METHODS

The anthropometric data were collected in 1979-1982 by a group of research-
ers from the Anatomy and Anthropology Department of the Sackler Faculty
of Medicine, Tel-Aviv University (3; 20) using standard methods (22).

The BMI sample identifies 482 adult males and 96 adult females from the
Gebeliya, Muzeina and Hamada tribes, and also a combined group of repre-
sentatives of various small tribes referred to as Others. The blood pressure
analysis includes data from 304 males and 68 females.

The BMI was calculated as the body mass (kg) divided by the height (m)
squared.

Blood pressure was measured twice on the left arm by the same researcher
(with the second measurement taken after a five-minute break), then the aver-
age of the two values was analyzed. Pulse pressure was calculated as the dif-
ference between the SBP and DBP values. The hypertension incidence rate was
evaluated according to the WHO recommendations (with SBP >140 mm Hg,
and DBP > 90 mm Hg).

All the data were analyzed in the context of the genetic variability in the
Eastern Mediterranean populations.

Statistical analysis. Statistical calculations were conducted using Statistica
6 program (Statsoft Inc., 2004). To identify the genetic variability patterns of
physiological parameters, multivariate methods, such as variance analysis and
canonical discriminant analysis, were used.
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RESULTS

The BMI is a rough indicator poorly reflecting the true physical status of the
population. However, in order to obtain imperfect but objective characteristics
of fat deposition, we evaluated this factor in the Bedouin tribes sample accord-
ing to the WHO ranking (32) (Table 1, Figure 1).

Table 1. Occurrence of the BMI gradations (according the WHO recommendations) in
Bedouin age cohorts. Adult males

Male Female
BMI (N=484) (N=96)
% %
underweight <18.50 29.5 334
severe underweight <16.00 1.7 1.0
moderate underweight 16.00-16.99 6.8 6.3
mild underweight 17.00-18.49 21.1 26.1
normal 18.50-24.99 67.1 59.3
Overweight >25.00 33 43
(preobesity) (25.00-29.99) ’ ’
graph of average and confidence intervals (95,00%)
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Figure 1. Mean BMI values in Bedouin age cohorts. Adult males.
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Overall, in over 40% of females and over 30% of males the BMI values were
outside the normal range. Thus, this factor reduces the entire diversity of the
population to the range of 15.0 — 27.6, with not a single case of the BMI over
28. The total share of the underweight population is 29.5% for males and 33.4%
for females. Overweight, or, more precisely, pre-obesity is only seen in 3.3% of
males and 4.3% of females in the studied population. A significant, positive
correlation was established between the BMI and age (r = 0.32 for males, and
r = 0.31 [p<0.05] for females). The WHO database on the BMI for the Eastern
Mediterranean region in 1980 (34) allows to compare the values of the Bedouin
population with a broad variability picture of the region. It is noteworthy that
the national average BMI value in Egypt for males is within the normal range
while for females it slightly exceeds the norm. The Bedouin group of South
Sinai populations studied in 1979-1982 stands out against the Middle East
background of that period with its reduced weight and height values: the aver-
age BMI was 19.98 for males, and 20.24 kg/m? for females (Table 2).

Table 2. Mean Body Mass Index (kg/m?) in the Eastern Mediterranean region, age 20+, age
standardized, 1980

Country BMI, males BMI, females
Bahrain 239 25.2
Djibuti 21.2 21.9
Egypt 241 255
Jordan 24.5 274
Kuwait 255 28.1
Lebanon 239 243
Libyan Arab Jamahiria 243 26.8
Oman 23 24.9
Qatar 25 27.1
Saudi Arabia 25 26.3
Syrian Arab Republic 24.2 258
United Arab Emirates 249 27.2

Yemen 22.7 234
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Table 3 shows the hypertension incidence rate in Bedouin males.

Table 3. Incidence of elevated blood pressure in age cohorts of Bedouin men

Age cohorts percentage of individuals with  percentage of individuals with
(years) elevated (>140 mm Hg) systolic  elevated (>90 mm Hg) diastolic
pressure pressure
% %
17-18 0.0 1.95
19-29 4.58 11.40
30-39 261 5.54
40-49 1.31 293
50+ 0.98 1.63
Total 9.8 23.45

The analysis of variance in the male sample revealed significant (p<0.05)
intertribal differences in such parameters as grip strength of the right and
left hands, DBP, pulse pressure, and the BMI. Figure 2 shows the variability of
blood pressure in Bedouin tribes.

Giving the information of the physical status of South Sinai men grip
strength indicators are rather low: the mean values for the right hand were
38.7 kg, for left-35.7 kg. It revealed the significantly reduced grip strength of
the tribe Museina’s men right and left hands: 35.9 kg for the right hand and
31.3 kg for the left.. In the female sample, the grip strength of the right and the
left hands (arithmetical average 25.5 and 23.11 correspondingly) was greater
in the Hamada tribe compared to the Gebeliya tribe, and the BMI value of the
Muzeina tribe was lower than those of the Gebeliya and Hamada tribes.

The analysis of variance performed with the male sample revealed signifi-
cant age-related differences in the strength of the right and the left hands, SBP
and the pulse pressure (Figure 3), and the BMI. In the female sample, the only
significant differences found were those of the BMI.
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Figure 2. Intertribal variability of blood pressure. Adult males.
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Figure 3. Age variability of blood pressure. Adult males.
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According to the diagram (Figure 4) that collates the data of the Bedouin
group with the age-standardized average values of the SBP for adults (over
20 years old) in the Middle East in 1980, the Bedouin population deviates
towards the lowest values of SBP. It is especially true for the low blood pressure
values among Bedouin females. No significant correlation between the SBP
and age was identified. The female sample revealed no significant correlation
between age and blood pressure whatsoever. The Scheffe’s method applied to
the SBP values revealed non-random (p<0.05) differences between the male
age cohorts of 20-39 and 40-49. It should be noted that the 40-49 age cohort
showed a systolic hypotension.
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Figure 4. Systolic blood pressure variability in the Eastern Mediterranean region, 1980, age
20+, age standardized.

According to the canonical discriminant analysis of the male sample, the
Wilks’ lambda value was 0.72, thus indicating a low level of inter-tribal separa-
tion, i.e. the intergroup variability is comparable to the intragroup variability.
The results of the canonical analysis are shown in Table 4. Figure 5 demon-
strates the position of individuals in the range of the first two canonical vari-
ables.
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Table 4. Standardized coefficients for canonical variables

Root 1 Root 2 Root 3
right hand grip 0.1228 0.1000 0.4152
left hand grip 0.8833 -0.3385 -0.2130
systolic pressure 0.2145 -0.4247 1.0812
diastolic pressure 0.0347 0.7456 -1.5960
pulse pressure -0.3248 -0.2661 -1.6758
pulse 0.1476 0.3700 -0.1541
BMI -0.2154 -0.2333 0.2510
Eigenvalues 0.2612 0.0709 0.0264
Cumul. percent 0.7285 0.9264 1.0000
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Figure 5. Results of the canonical discriminant analysi.
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The first canonical variable describes 26.1% of variability. Higher values of
the first canonical variable correspond to the greater grip strength of the left
hand combined with the low pulse pressure value. Negative values of the first
canonical variable are seen in the individuals with the opposite combination
of parameters.

The second canonical variable describes only 7% of variability. Positive
values of the second canonical variable correspond to the combination of the
high DBP and the low SBP pressure. Negative values of the second canonical
variable correspond to the combination of the low DBP and the high SBP.
The centroid of the Muzeina tribe is at the maximum distance from that of
Hamada and “Other” tribes, the centroid of the Gebeliya tribe is approxi-
mately at the middle of that distance. Consequently, based on the data from
Table 4, the members of the Muzeina tribe are characterized by a weaker grip
strength of the left hand and a slightly elevated pulse pressure.

DISCUSSION

The obtained BMI estimates prove the claim of the inefficiency of applying the
same BMI scale to different populations of the world, but still allow to evaluate
the physical status of the community ranked as undernourished according to
the WHO nutritional standards (11).

Our results are similar to those of the Bedouin survey in the Northern
Jordan (18). The results of the BMI studies in the urban population of Palestine
(1), the Negev Bedouins (13), the Saudi Arabian population (26, 28, 29) and
Jordan Bedouins (who now demonstrate a settled lifestyle (18)) showed a high
rate of overweight males. Fraser et al (13) found that only 15% of males among
the Negev Bedouin in traditional nomadic groups are overweight, while in
settled groups this parameter reaches 35%. Thus, the BMI values in Bedouin
tribes of South Sinai who have not embraced western lifestyle and live in a tra-
ditional stable environment differ distinctly from those of other Arab popula-
tions. According to the report presented by the World Health Organization
in 2013 (35), most people residing in the Gulf countries can be regarded as
the fattest people in the world; the obesity rate has also increased among the
residents of other Arab countries. 35 years after the data were collected, at the
beginning of the third millennium, the nomadic population of the Sinai Pen-
insula is still starving. This is clearly proved by the data of the joint project of
the National Nutrition Institute of Egypt and the UN World Food Program
conducted in the Sinai peninsula in 2005 (12).
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In the male sample of the South Sinai Bedouins, significant BMI-blood
pressure correlations are low. This fact can be explained by the lack of nutri-
tional resources that prevents gaining any excess weight and results in emacia-
tion. In numerous studies (4, 7, 9, 10, 14, 16, 17, 31), including those of Arab
populations, the excessive body weight is viewed as a risk factor for the onset of
cardio-vascular diseases. The proportion of individuals predisposed to hyper-
tension among nomadic Bedouins in the south of Sinai is significantly lower
than that among Negev Bedouins (13), Palestine Arabs (1), Israeli Arabs (2), the
population of Saudi Arabia (26, 28, 29), Egypt (16,17), and Qatar (6). Nomadic
and traditional communities (15, 24, 27) report quite contradictory data on
the hypertension dynamics - in some populations the incidence of hyperten-
sion does not change with age. The average incidence rate of hypertension
in Bedouin tribes (23) is comparable with the rate found in non-modernized
populations.

The SBP pressure is an important physiological indicator of the health sta-
tus. Table 3 clearly shows an almost twofold incidence rate of elevated dias-
tolic pressure as compared to that of the SBP pressure. The Bedouin group of
South Sinai shows significant (p<0.05) but extremely low (r=0,14) correlation
between diastolic pressure and age in males. W. Dressler (8) and A.I. Kozlov
(21) attribute the phenomenon of elevated diastolic pressure in the population
to the stress that a society experiences due to modernization. The age cohort
of 19-29 shows a paradoxically high hypertension incidence rate, which can
probably be accounted for by their being exposed to a greater degree of stress
associated with the ongoing social changes.

The arithmetic average of pulse pressure in our male sample is 39.2 mm
Hg. Low (<40 mm Hg) pulse pressure is known to be caused normally by
an increased resistance of peripheral vessels. The southern part of the Sinai
Peninsula is known for its diurnal temperature extremes; such physiologi-
cal effects might be due to the prolonged exposure to cold at night (30). The
analysis of age-related changes of pulse pressure in males revealed its decrease
to the arithmetic average of 34.95 mm Hg in the age cohort of 40-49 (Figure
3). In the small female sample, pulse pressure shows no distinct age dynamics.
We find it difficult to explain the decrease in pulse pressure in the age cohort
of 40-49-year-old Bedouins.

Given the significant degree of transgression in the tribal pool, the per-
formed canonical discriminant analysis (Figure 5) displayed a certain incon-
gruity by the first canonical variable. However, since the maximum distance
between the centroids of the tribes by the first canonical variable composes
only 1.32 of the standard deviation, and by the second canonical variable -
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only 0.64 of the standard deviation, we could not establish any significant
differences in the current set of parameters. Such a result of a multivariate
study of physiological parameters is consistent with our primary hypothesis
on the ambiguity of intertribal differences in the groups living under similar
environmental conditions. We can additionally state that, since the centroids
of the Hamada and “Other” tribes are most adjacent, it would be reasonable to
consider them as a single group.
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Figure 5. Results of the canonical discriminant analysis.

CONCLUSIONS

According to the materials of Tel Aviv University’s expedition, the studied
group of the South Sinai Bedouin populations is characterized by the lower
(on the Middle Eastern scale) weight and height values. The total share of the
underweight population is 29.5% for males and 33.4% for females. The problem
of overweight is irrelevant for the Bedouins residing in South Sinai. The South
Sinai Bedouin group showed no significant correlation between the arterial
blood pressure and the BMI values. This fact is attributed to the emaciation
of the population. The authors tend to explain the lower pulse pressure values
in males (39.2 mm Hg) by an increased peripheral cardiovascular resistance.
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While not providing the basis to deny certain individual mosaic distinc-
tions in the Bedouin tribes, the results of the performed multivariate analysis
prove the intertribal differences in the current set of physiological parameters
to be insignificant.
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