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Abstract The reference values of bone nmuneral density
(BMD) were determined 1n healthy Saudis of both sexes
and compared with US / northern European and other
reference data. BMD was determined by dual-energy
X-ray abserptiometry (DXA) at the lnmbar spine and
femur mncluding subregions: trochanter, Ward's triangle,
and neck, in 1,980 randomly selected Sandis (age range
2079 years; 91§ males and 1,065 females) living in the
Jeddah area. Age-related changes n BMD were similar
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to those described 1 US [/ northern European and
Lebanese reference data. Decreases in BMD) of males
were evident (% per year) 03-0.8 (lumbar spins), 0.2-
04 (femoral trochanter), 0.2-1 4 (Ward's triangle), and
0.2-0.7 (femoral neck). Also, decreases in BMD af
females were observed (% per year): 0.8-0.9 (lumbar
spine), 0.7-0.¢ (Ward's triangls), and 0.3-0.7 (femoral
neck). Using stepwise multiple regressions that included
both body weight and height, the former had 24 tmmes
greater effect on BMD than the latter. Using the mean
BMD cof the <2}3-year-0ld proup the T-score values
were calculated for Saudis. The prevalence of osteopo-
rosis 1 Saudis (80-7% vears) at the lumbar spine using
the manufacturer’s vs Saudi reference data was 38 3—
47.7% vs 30.5-4Y.6 (P <0.000), respectively. Sinmularly,
based on BMD) of total temur, the prevalence of ostec-
porosis usmg the manufacturer’s vs Saudi reference data
was 6.3-78% vs 1.247% (P<0.000), respectively.
Saudis {250 years) in the lowest quartile of body weight
exhibited higher prevalence of ostzoporosis (25.6% in
females and 15.5% in males) as compared to that of the
highest quartiles (0.0% in fewales and 0 8% in males).
The present study underscores the mmportance of using
population-specific retersnce values for BMD measure-
ments to avoid overdiagnosis and/or underdiagnosis of
Osteoporosis

Keywords Age - Bone densitometry - Osteoporosis -
Saudis - T-score

Introduction

Dual-energy X-ray absorptiometry (DXAJ 1s a widely
used technique to assess bone mineral density (BMD) at
different skeletal sites and thus to stratify individuals
with low bone mass who are at risk of osteoporosis and
fractures [1]. BMD 15 mfluenced by several factors of
which age and sex have such a strong 1mpact that ref-
erence values for BMD should be age-and sex-specific,
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and, accordingly, for a rehable interpretation of such
values, they need to be eXpressed 1n terms ol established
reference values denived from an appropriate healthy
population [2] Compansons can be achieved either by
the use of T-scores whach indicate the deviation from the
mean BMD value of the young healthy population, or in
terms of ape-matched standard dewation scores, which
are known as Z-scores [1]. However, Ut 1s considered that
T-scores provide (he be t information on the extent of
bone loss and, thus, the best estimate of risk of fractures
[1, 2]. The World Health Orgamzation (WHQO) defined a
diagnostic cnteria for osteoporosis in terms of BML) as
measured by DXA [3], and although such cnitenia are
based on observations in postmenopausal Caucasian
females, they are widely used and applied to other at-risk
populations to confirm a diagnosis of osteoporosis and/
or to estimate fracture nisk [4] The WHO cniteria allow
classification of individuals mte normal (7-score =—1),
with osteopemia (7-score < -] and >-2 5 ), with os-
teoporosis (7-score < —2 5), and with severe or estab-
lished osteoporosis (T-score <—-25 1n the presence of
one or more fragility fractures) [3]. These cutoff points
have no mherent biclogical meaning: they were created
te allow comparisons of the prevalence of gsteopenia
and osteoporesis 1m diffsrent populations and were not
intended to be used to make treatment decisions [2]
However, there are at least three difficulties facing the
mterpretation of the BMD data generated by DXA
systems Firstly, there 1s an apparent discrepancy be-
tween reference values used by different DXA manu-
tacturers: thus, when used in the same patients, DXA
systems from different manufacturers differ in the pro-
portion of patients diagnosed te have osteoporosis, by
6% to 15% (5,6, 7, 8, 9, 10]. Secondly, all mapulacturers
use reference values based on a US andfor northern
European adult population which will influence the
mnterpretation of BMD data m other populations with
diffetent genetic, geographic, and socioeconomic char-
acternistics from those of the US and/or nortthern Euro-
pean population [11]. Thardly, éthnic vanations in BMD
values are well dognmented: indeed, it 15 known that the
BMD wvalues of Afncan-Americans and Latines are
higher than those of whites [12], while Asians show
lower values than Amencans or northern Europeans [13,
14] because of their smaller size. Hence, there 1s a need to
develop and use local reference BMD values rather than
those provided by the manufacturers of DXA systems,
somethmng that has been emphasized by several studies
1n other populations [6, 15, 16, 17]

Osteoporosis 1s characterized by low bone mass and
structural detenoration of bone tissue, leading to en-
hanced fraglity and a consequent increase in fracture
risk [18]. It 1s a common disease and often occult. vet it
causes significant morbidity and mortality and i many
cases may be preventable [18]; however, very limited
mmformation 15 available on either the prevalence of
osteoporosis or on the BMD) reference values in Sandis
[20] To correctly categorize normal from abnormal, to
avold nmusdiagnosis with attendant nisks of creating

patient anxiety and subsequent overtreatment, rehable
reference values for BMD appropnate te the observed
population are requnred. Therelore, the main objectives
of the present study are: (1) to determine the reference
values of BMD for the lumbar spine (L.2-1.4) and the
femur (including the femoral subregions of trochanter,
Ward's tnangle, and neck) in a randomly selected sam-
ple of healthy Saudi males and females—these reference
values are used to estimate the prevalence of osteopo-
rosis and osteopenia m Saudis 50 vears of age and older,
(2) to examine the influence of age, body weight, and
height on BMD- and (3) to compare the results of the
present study with those for Caucasians and other ref-
crence values

Subjects and methods
Study design

A total of 1,980 healthy Saudis (age range 20-79 years),
males (#=2%15) and females (#= 1,0653) living mn the
Jeddah area, participated 1n the present study. Jeddah 1s
the second most populated city (population 2.1 million)
mn Saudi Arabia with a diverse population representing
mest Saudis [21]. Origmally, a total of 5,000 subjects
were randomly selected durmg a health survey from 18
primary health care centers scatiered around the city of
Jeddah from April 2000 until April 2003 to ensure that
the average health status of the study group weuld re-
flect a normal adult population A representative sample
s1ze was calculated using the sample-size determination
option in Epi-Info Statistical Package (Version 6) sup-
plied by USD, West Park Place, Stone Mountain, GA,
USA. Subjects who agreed to participate in the survey
were asked to visit a special clinic at the King Abdulaziz
Umiversity Hospital (KAUH) to be enrelled in the
present study Age, body weight, height, body mass mn-
dex (BMI) (kg/m~*), and waist-to-hip ratio (WHR) were
recorded Age and anthropometric data of the subjects
studied are presented in Table 1 Each subject was
medically exammed and interviewed using a standard-
1zed questionnaire to ¢ollect information on life style,
smoking habits, and level of physical activity 1n leisure
time; coffee and tea consumption and the use of vitamins
and medications. Subjects with chronic diseases includ-
mg osteocarthntis or established esteoporosis or with
evident endocrine disorders or on any form of drug
treatment with possible effect on boneg metabolism (e g,
glucocorticonds, anticonvulsants, and/or thyroid hort-
mones) were excluded. Subjects who are cigarette or
sheesha smokers or are on vitamin supplement(s) were
also excluded from the present study and, accordingly,
a total of 3,020 males and females were excluded by
the exclusion criteria. In addition, all subjects included
exhibited (1) normal blood counts, (2) normal val-
ues for renal creatinme (serum creatinme in females
<105 pmol/l and males < 116 pmel/l), and (3) normal
values for lver function tests (serum aspartate
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anunotransferase [AST] <30 U/l; alamne aminotrasn-
ferase [ALT] <30 U/l alkaline phosphatase [ALP] be-
tween 80 and 280 U/]; and gamma-glutamyl transterase
[GGT] <60 Ufl). Females on hormonal replacement
therapy together with subjects whe were witamin D
deficient (a total of 425 out of 3,020 [14.1%)] subjects:
276 [2.2%] females and 149 [4.9%)] males) with calcidiol
levels <20 nmol/l [22] were also excluded. Since the
body weight aftects BMD [23, 24, 25, 26], subjects with a
BMI1 =30 kg)’m1 were also excluded. The study protocol
was in agreement with KAUH ethical standards and the
Declaration of Helsinki of 1975, as revised in 198Y. The
study was approved by the Ethics Committes of KAUH,
and miormed wmiten consent was obtained from all
participants in the present study

Bone mmeral densitometry measurements

BMD (g/cm”) was determuned for the anteroposterior
lumbar spine (L.2-[.4) and mean of proximal nght and left
femur (total and subregions) by dual-energy X-ray
absorptiometry (DXA) using a Lunar DPX-1Q {Lunar,
Madison, W1, USA), according to standard protocol.
BMD of the femur was expressed as the mean of the BM D
values for the subregions: trochanter, Ward’s tnangle,
and temoral neck. Quality control procedures were car-
ried out 1n accordance with the manutacturer’s recom-
mendations. Instrument wvaration was deternnned
regularly by a daily calibration p ocedure using a phan-
tom supplied by the manufacturer Precision error of the
phantom was 0.3% and for in vivo measurements was less
than 1 2% for the spine and less than 2% for femoral
regions I[n addition, there was no significant drift over the
period of the study using the DX A system The standard
deviation scores, which indicate the deviation from nor-
mal values[1], were calculated by the followmg equations

— Number of standard deviations = [(measured
BMD) — (mean BMD of young reference popula-
tion)] / [standard dewviation]

— Number of standard deviations = [(measured
BMD) — fmean BMD of sex- and age-matched
population)] / [standard deviation]

43,
-

BMD wvalues were classified according to WHO
criteria a T-score between —1 and -2 5 1s mndicative of
osteopema, while a Z7-score <-25 reflects osteo-
porosis, and a T-score > —1 15 considered normal [3]
Although, these critenia were based on observations
postmencpausal Caucasian females, they are now gen-
erally apphed to other at-rnisk populations including
men without thorough investigation of the utility er
validity m these groups. Nevertheless, apart from an
existing fraghey fracture, BMD 15 considered to be the
moest robust determinant of tracture risk in men [1, 2,
4, 16, 18].

Statistical analysis

Results are presented as means (£ 85D) and categorical
vaniables are expressed as frequencies. Data were ana-
lyzed using SPSS Statistical Packape {version 11 Q for
Windows Smart Viewer) supplied by SPSS 2000, Map-
mfo, Toekyo, NY, USA Results that were not normally
distributed were log-transformed before analysis. Asse-
ciations between continuous variables were examined by
Pearson correlation coefficient. ANOVA was used to
examineg differences among the groups ftor different
variables, and the Bonferrom cnitenion was used when
sipnificance tests were made. The two-fided Student’s
f-test was used to compare the mean BMD values of the
manufacturer’s DXA reference values with those of the
present study

Results

The basic anthropometric characteristics of the %15
males and 1,065 females studied are presented m
Table 1. The body weight and BM| increased wath age
the weight difference,; ;; was 13.88 kg (£ < 0.000) and
721 kg {P<0.000) for males and females, with a cor-
responding BMI differences; 99 3.5 (P <0.000) and 6 ]
(P < 0.000), respectively. Height declined with age: the
height differencesq 7 was 76 cm (P < 0 U0 and 7 6 cm
(P<0.000) for males and females, respectively. WHR

Table 1 Anthropometric

Age group Sex (M/F) Number Age (years) BMI (kg/m®) TSF (mm) MAC ¥cm) WHR

20-29 M 206

F 226

30-39 M 110

F 243

4049 M 221

F 276

50-59 M 154

F 143

characteristics of Saudis 60—69 M 117
studied. Results are presented K 107
as meang + S0, A male, F T0-79 M 107

female, BMT body mass mdex, E 75
TSF ’tnmpi sianfold, MAC 079 N 915
midann carcumference, WHR 5 1,065

32.2+1.7 22.6+4.1 16.5+£59  23.1+24 0813+4.06
24.3+3.5 2724+ 3.8 28.4+99  25.0+4.2 0.751+005
339+ 3.0 26.2+2 6 3129+8%72  30.3+33 0934 +0.07
34.1+3.1 73130 32.2+84 28.6+3.2 07821007
439+23 25.5+386  02+11.1 28.8+4.1 0937+0485
43.1+29 28.2+3.3 327+14 299+£53 0817009
53.7+25 245+ 24 31.4+82 207+28 0959+0.03
529+ 124 212+2.1 3I3A+K3  321+98 0ES7T+008
4.9+ 2.6 ?8.1+3.2 IN.4+62 28.7+2.8 0.990+0.05
£29+23 239+27 WE+T73 203+23 8841009
73.3+26 248+ 3.5 26.0+78 212139 0971+007
T4.4+2.1 272+ 1.8 203+8]1 2298+1.4 0818+0.07
45.7+16.9 28+£3.5  27.2+103 277441 0924 +0.08
39.5+13.7 24,9+ 3.8 31.1+858 284+53 0.801x0.09

walst-to-hip ratio
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mcreased with age: the WHR difference,,_-y was 0 187
(P<0.000) and 0.102 (P <0 001]) for males and females,
respectively.

Subjects were divided into six decade subgroups for
cross-sectional analysis. The mean BMLD values are
grouped according to age and are given 1n Tahle 2 with
the corresponding 7-scores for the lumbar spine and
femur with 1ts vanous subregions {frochanter, Ward’s
triangle, and neck) Saudis exhibited a simmlar pattern of
decrease in BMD to that descnbed for US [11, 27],
northern Eutopean [2§, 29, 30, 31, 32, 33, 34, 3§ and
Lebanese populations [36], and Kuwaiti [37], Japanese
[38], and Chinese [39] (females only) reference values
(Figs. | and 2) BMD of the lemur was consistently
higher 1n males than in females between 20 and 79 years,
except for Ward’s triangle in females of 4049 years of
age. Females exlibited higher BMD lumbar spine values
i the age groups of 530-5% and 70-79 years than in the
corresponding males ol the same age-matched groups
(see Table 2)

Age showed hghly sigmficant negative correlations
with all skeletal sites exammed mm both males (Table 3)
and temales {Table 4). With respect to BMI, there were
positive cortelations with BM D which were significant
for all skeletal sites examined in both males and fe-
males with the exception of temoral neck in females
studied (Table 4) Significant negative correlations were
also evident between WHR and the skeletal sites
exaniined m both males and females except 1n femoral
trochanter and total femur in females studied (see Ta-
bles 3 and 4)

Every anatomical region has a different rate of bone
loss The lumbar spine BMD values were relatively
stable Irom 20U to 4% years in the females studied, but
decreases by about £.9% per year between 60 and
69 years and by 0 8% per year between 50 and 79 years
were evident Sigmificant decreases were observed in the
femur BMD (per year). 0.3% 1n neck and 07% m
Ward’'s triangle, 1n females between 20 and 49 years,
respectively, with no significant changes in femoral

Table 2 MMeasured bone

Age (years) Females Males
MNumber BMD -score Number BMD -score
(g/cm?) (gfcm®)
Spine (L2-L4J
20-29 276 1.116+0.12  0.00+1.0 206 1.137+£009 0.00+1.0
30-39 43 LI28+0.11 -059+£0.93 110 1116+0.15 -0.21+1.46
40-49 276 1.110+0.15 —0.79+1.923 221 LO13+0.18 -1.23+1.7%
50-59 143 0.993+0.17 -173+1.41 154 0982+013 -1.54+1.29
60—69 102 0.884+0.15 -280+120 117 4972+027 -l64+216
T0-79 75 UIB4E0.09 —27+094 107 0.7 +0.09 —4.07+0.96
20-79 1,065 LO75+0.161 —099+£1.28 915  1.019+0.19 -1.16+1.92
Femur {total)
20-29 226 O892+017  0.00+10 206 1.098+019 000+l
30-39 243 0.973+0.11 —-0.24+0.89 110 137+0.16 -0.55+0.86
40-49 276 L979+0.13 —021+£1.05 221 N98+0.16 -1.0d+0.91
50-59 143 0.893+0.15 -092+1.12 154  095+0.13 -1.16+9.72
HO-6B9Y 102 0.817+0.12 -1.51+0499 117 0.95+0.13 -1.16+£0.74
T0-79 75, B808+0.11 -1.57+0.92 107 L.O3+0.10 —-0.78+£0.56
20-79 1,065  0.953+0.15 -043+1.14 915  1.01+£0.1.17 0.92+065
Femur (trochanter)
20-29 276 0R07T0.16  0.00+£10 206 0.879+0.15 000+1.¢
30-39 M3 07010 —D36+£0.71 110 0.R78+0.14 —0.105+1.09
4049 276 0.784+0.13 029+ (89 221 QTR +(.12 —0.749+005
50-59 143 0703+ 0096 -0846+0.66 154  0.811+009 —0.631+078
60—69 102 DadB+0.11 1226076 117 D797 +0.11 0739+ 085
T0-79 75 0598+0.04 —-1.565+£0.25 107 0.826+0.09 —0.513+£0.69
20-79 1,065  0.800+0.19 —0.452+0.95 915  0.829+0.13 —0484+1.01
Femur {Ward’s triangle)
20-29 226 0949+ @18 Q.00+ 1.0 206 1058+£020 0.00+1.0
30-39 3 0.846+0.13 —0.605+0.71 110  0.931+0.19 —0.599+1.07
40-49 276 0.794+0.17 08984094 221 0753+ 0.14 -1.610+0.79
50-59 143 N.662+0.12 -1.634+0.81 154 L7539 +0.13 -1.877+0.71
60—69 102 O0548+0.11 -2.272+0.61 117 0DA91+£016 —1.961 +09]
T0-79 75 0481 +@.04 2648 £0.21 107 0.722+0.12 —1788+070
20-79 1,065  0.800+0.19 —-165+0,58 915 0.831+0.21 -1.369+1.19
Femoral neck
029 226 0.983+0.16 Q.00+ 1.0 06 1.045+0.20 —0.059+1.24
. ‘ 3039 243 0.934+0.10 0427068 110 1.049+015 —0.027+093
mineral density (BMD) of 40-49 276 0916+0.13 —0.552+0.89 221 0983+0.13 —1.06+0.82
heglthy Saudis of both sexes 50-59 143 08294011 -1.134+0.74 154 0942+0.14 —0.698+0.8F
with calculated T-scores based 60-69 102 0.733+£0.12 —1.779+£0.77 117  7.892+0.13 —1.009+ 083
on the mean hone mineral 70-79 75 0.696+0.03 —2.026+0.19 107  0.908+0.11 —-0.913+0.72
density of the age group 20-79 1,065  0.901+0.15 -1.156+0.99 915 0951+0.17 —-0.642+1.03

of <35 years
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Fig. 1 The age change in BMD of lumbar spine, trochanter
Ward's tiangle, and femaral neck in Saudi females (solid diamond)

as ¢compared to Lebanese [M] (open diamond), UE (11, 27] (solid
trigmgle ), Kuw aitis [37] fopen square }, northern Burope [28, 29, 30,
31, 32, 33, ¥, 35] (solid c;!rc.fc), Japanese [38] {open circle], and
Chinese J9j ¢’° solid square} females

trochanter. In females of 50 to 79 years of age, signifi-
cant decreases (% per year) in femoral BMD subregions
were observed: neck (0.7%), Ward's triangle (0.9%), and
trochanter (0.5%), respectively. Significant changes were
also evident in the lumbar spine (0.3% per year) and
femur BMD subregions (% per year): neck (0 7%),
Ward’s triangle (1 4%), and trochanter (0 4%), 1n males

) Males-
2.0
1.5 —
] ) -
1.0 > \:
0.5 —
Lumbar spine

DU 1 T —|— —I— = =1

1.0 -

08 -
0.6
04 -
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Famoral trochanter
4; 1 | .

0.0 I I I
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00 I ] T I

1.7
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1.0 -
0.8 -

0.6
0.4 —

0.2 -
Farmoral neck

ﬂ[} I | I [ [ |
20-29 30-3¢ 4049 50-59 6069 70-79

Age group (Years)

Fig. 2 The age change m BMD -f lumbar spme, trochanter,
Ward’s trjangle, and femoral neck in Sandi males (solid diamond
astompared to US/Buropean 28, 29, 30, 31, 32, 33, 34, 35] (open
square ), and Lebanese [36) (solid triangls) males

between 20 and 49 vears of age, respectively. Males of 50
to 79 years, exhibited sigmificant decreases in lumbar
spine BMD (0.8% per year) and 0.2% per year in both
the femoral neck and Ward's triangle with no significant
changes 1in femoral trochanter

The 1influence of ape, height, and body weight en the

BMD results was exanuned by regression analysis
(Tables 5, 6, 7, and 8) The effects of age, weight and
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Table 3 Pearson correlation coefficient of bone mineral density (BMD) at different skeletal sites with age, BMI, and WHR 1n males

studied
Age BMI WHR Spine Femur Femur Fermnur Femur
(L2-14)  ftotalj “{trc-chantaﬁj (neck) (Ward’s trangle}
A ;
BI%?I 0.19*% -
WHR D.65%* [.33%* -
Spine {L2-L4) —0, SOk . 23%%* —().25%%* -
Femur (tatal} —025%F  0.49%*  _(.12FF 47k i
Femur {trochaater) —0. 19 .54+ —0.05 0.86%* 0.86%F -
Femur (neck) —0.32%*%  041% Q0 11% 0.41%* 08T+ 0.90%* -
Fermur (Wards tiangle]  —0.57%%  Q.28%%  _(Q.38%F [ 84%* 0.84%%  ().83%+ 0.92%%

Statistically significant at *# < 0.05; ** P <0.001

Table 4 Pearson correlation coefficient of bone mineral density (BMIZJ at different skeletal sites with age, BMI, and WHR in females

studied
-Agh. “BMI WHR Spine Femur  Femur = Femur  Femur ,
’ (L2-14) (total) (trochanter) (necky (Ward’s tnangle)
Age -
BMI 0.42%* -
WHR 0.44%* 0.32%% -
Spine (LI-LA4} _0A8F*  [19* _Q.15%* .
Femur {total) —0.33%%  (.09% —3.01 o, F2H* .
Femur {trochanter) —036%*  0.09% ~0.03 0,66+ 0.92%% .
Femur {neck) —0.49%* 0.04 —0.11%* 0. 71%* (0.89** (.R8** -
Fermur (Ward’s triangle] — —0.65%F  —0.11%  —0.24%* 0, 72%% 0.83%*%  (.83%* 0.93%% .
Statistically significant at *£ < 0.05; **P < 0.001
Tahle 5 Regression of BMD , , , ] "
for spine (n="748) and femur ~ Regon Regression equation r P
(n="748) regions on age, welght ‘ .
and height In fermales age 20-49  Spine (L2-14) 1.117-0.000 Age 0.002 NS
Years Femur {neck] 1.019-4.003 Age B.144 0.002
EFemur {Ward’s triangle) 1.120-0.007 Age 0.358 0 000
Femur {. ochanter) 0.808-000 Ape 0.035 NS
Spine {L2-14) (3.901 + 0.004 Weight (0.284 0.000
Femur (neck) 0.6594 + 0.004 Weight 0.304 0.000
Fermx (Ward’s tnangle) 0.709 + 3.026 Weight 0.148 0.002
Femur (trochantery 0 5347+ 0,004 Weight 0.302 0 oon
Spine (1.2-1.4) (0.571 + 0,003 Height (183 0.000
Eemur (neck) . —0.031 +0.008 Height §.317 0.000
Femur (Ward"s toangle) —3.146 +(.006 Height 0.253 0.000
Femur {trochanter) 0.837 + (L.005 Heipht 0.241 G 000
Spine {L.2-14) 0.928-0.002 Ape + 0.004 Weight + 0.000 Height 0.307 0 000
Femur {neck) 0.303-0.004 Age + 0.005 Weight + 0.003 Height (+437 0.000
Eemuyr (Ward's tnangle) (.466-0.010 Age + 0,005 Weight + 0.003 Height 0.480 0.000
Femur {trachanter) 0.294-0.002 Age + 0,004 Weight + 0.002 Height 0.354 0,000

height on BMD for Saudi females are presented in
Table 5 (age group 20—4% years) and Table 6 (age group
50-79 years). Tables 7 {age group 2049 years) and 8
(age group 50-79 years) show the effects of age, weight,
and height on BMD) of the correspondmp age-matched
Saudi males. The lumbar spme BMD m females exhib-
ited increases from 0.4% to 0.9% per kilogram of body
weight; whereas, m males, lumbar spine BM D) inereased
from 0 3% to 0.7% per kilogram of body weight. Fem-

oral subregons, howevet, showed significant mcreases 1
both males (per kg) (neck 0 7% to 0 8%, Ward’s triangle

035% to 0.7%, and trechanter 0 6% ) and females (per
kg) (neck 0.4% to 0 9%, Ward’s triangle 0.2% to 0 5%,
and trochanter 04% to 07%). In both males and
fermales studied, height was a predictor of BMLD), how-
ever, using stepwise multiple regressions that included
both weight and height, the tormer had about 24 times
greater effect on BMD than the latter. In addition, BMI
was a significant predictor of BMD at all s1 s examined
in both males and females {results not shown). Moreover,
WHR was found to be a predictor of lumbar spine BMD
in males (age group 20—4% years) and 1n both males and
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Table & Regression of BMD
for spme {n=378) and femur
(n = 378) regions on age, weight,
and haght 1n females age
50-T79 years

Table 7 Regression of BMD
for spine {n=>537) and femur
{n = 537) regions on age, weight,
and heght 1n males age

20—y years

Table 8 Regression of BMD
for spme (r=378) and fermur
(=378 regons Hu age, weight,
and height 1n maleg age

S0-T9 years

'females (nge group 50-7Y years). Also WHR predicted
fenoral trochanter in males (age group 5079 years) and
females (age group 20-7% years) (results not shown)
The T-scores indicate the deviation of BM D) frém the
mean BMD of a young healthy reference population and
are therefore widely used for testing for osteopema and

Region Regression equation F P
Spine (L2-14) 1.111-4.008 Age 0.518 0.000
Femur (neck) 1.163-4.007 Age 458 0.000
Femur (Ward's triangle) 1.124-0.009 Age B.573 0.000
EBaynr (trochantery 0.969-0.005 Apge 0.400 0 000
Spine {(1.2-14) 0.303 + 0.009 Weipht 0.398 0.000
Femur {neck) 1.238 + 0.009 Weight 0.510 0.000
Femur (Ward's tnangle) 0.024 + 8.009 Weight 0.498 0.000
Femur {trochanter) 0 242+ 8.007 Weight 0.459 0.000
Spine {L.2-1.4) —-1.97 + 0.014 Height 0.441 0000
Femur {neck) ~0.334 +0.007 Height 0.370 0.000
Femur {Ward"s triangle] —0.542+0.007 Height 0.349 0.000
Femur {trochanter) 0.370 + 8.007 Height (0.393 0.000
Spine {L.2-14) 0 064-0.007 Age + 0.000 Weight + 0.008 Height 0.573 0.001
Eoymr {neck) 0.626-0.004 Age + 0.007 Weight — 6.000 Height 0.584 0 000
Femur {Ward's triangle) 0.639%-0.007 Age + 0.006 Weight — 0.000 Height (}.648 0.000
Femur (trochanter) 0.537-0.0u3 Age + 0.0US Weight — 0.000 Height 0.520 0.000
Region Regression equation P P
Sping (L.2-1.4) 1.273-8.003 Age 0.263 0.001
Feaniia (neck) % 1228007 Age 0.398 0.000
Femur (Ward's trniangle) 1.3594.014 Age 0.605 0.000
Femur (trachanter) 0.968).004 Ape 0.257 G 000
Spine (L.2-1.4) 0.87 + 0,003 Weight 0270 0.000
Femur {neck) 0.536+0.007 Weight 0.503 0.000
Femur (Ward's tnangle) 0.598 + §.005 Weight 0279 $.000
Femur {trochanter) 0.470+ 3.008 Weight 0.540 {1000
Spine {1.2-14) 0.631 + (.003 Heiyht 0.139 0.004
Femur {neck) —0.245+0.008 Height (+327 0.000
Femur (Ward"s triangle] 0.333 + 0.005 Heiyht 0.122 0.012
Femur (trochantés) —3.043 +9.005 Height 6292 4000
Spine {L.2-14) 1.014-0.009 Age + 0.005 Weight + 0.000 Height 0.572 G 000
Femur (neck) 0.739— 012 Age + 0.010 Weight + 0 000 Height 0.812 0 Oy
Femur {Ward’s tnangle) 1.43910.018 Age + 0.011 Weight — 0.004 Height 0.823 0.000
Femur (trochanter) 1.135-0.007 Age + 0.009 Weight — 0 004 Height 0.748 0.000
Region Regression equation e P
Smine {1.2-1.4) 1.477-0.00% Age 0404 0.000
Femur (neck) | 1.027-0.002 Age 0.131 (0.030
Femur (Ward’s triangle) 0.867-0.002 Age 0.156 0.009
Femur (trochanter) 0.758-0.001 Age %.083 NS
Spine (L2-L4) 456+ 0.007 Weight 0.353 0.000
Femur (neck) 0.379+ 0,008 Weight 0591 0.000
Femur (Ward's tnangle) (1229 + 0.007 Weight 0.514 0.000
Femur (trachanter) 0.403 + 0.008 Weight 0.600 0.000
Spine {L.2-1.4) —0.546 +0.009 Height 0.305 @ 000
Femur (neck) —0.383+0.008 Height 0.420 0.000
Femur (Ward's tnangle) —3.379+0.007 Height 0.337 (.000
Eemur {trochanter) (5.001 + 8.005 Height 0.349 0.000
Spine (L.2-LA4) 1.004-0.008 Age + §.007 Weight + 0.000 Height (0.544 0.000
Femur {neck) 0.525-0.003 Age + 0.088 Weight — 0.000 Height 0621 0 000
Femur (Ward's triangle] 0.904-0.004 Age + 0009 Weight — 0.004 Height 0.569 0.000
Femur {trochanter) 0.665HL001 Age + 0.007 Weight — 0.002 Height 0 60Y 0.000

osteoporosis (see ‘*Methods™). Using the mean BMD of
the <35 year-old group of the Saudis studied, T-scores

were calculated (Table 2) and the percentage ol subjects

presenting with BMD) indicative of osteopemia (T-sco e
between —1 and —2 5) or osteoporosis (7-score < -2 3),
differed substantially depending on using the lumbar
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Table 9 Pravalence of

osteopenia and osteoporosis in Fernales Males
Eﬁgl;ﬁ%g:f;:%d??:fﬁrgi‘; US/BEuropean  Saudi US/European  Saudi reference.
data. Data are presented as reference reference  reference
percentages with osteopenia ‘ '
(>-258Dto <-1 SD helow  Spine (L2-L4}
young adult BMD) and Osteopenia. 39.1% 42.2% 32.8% 19 1%
osteoporosis (< —-2.5 SD belaw Osteoporosis 47.7% 30.5% 38.3% 49.6%
yormg adult BMD), for spine ~ Femur (total)
(L2-14¥ and femur (total) Osteopenia 57.0% 58.6% 32.3% 56.7%
Osteoporosis T.8% 4. 7% 6.3% 1.2%
Either {spine or femur)
Osteopenia 41.4% 43.4% 46.5% 54.1%
Osteaporosis 44.5% 28.2% 33.2% 37 8%
Table 10 Anthropometric : .
measurement, BMD spine and Sex (Quartile .
fernur with corresponding 7- (M/F) w 3 p *
score values stratified by body ! 4
welpht guartles and sex m
Saudig, Results are presented as  Age (years) M 60.7£8.7 63.5£9.3 67.2 + 6.0 62.9+ 7.9
means + SD. T-scares are F 62.2+4.2 651+ 3.8 58,773 55343
based on manufacturer's Weight (kg) M 51.7+4.1 65.7+ 3.2 72.9 0.4 30.7 + 2.6
reference values., M male, F 48.1+4.2 569+ 1.7 63.1+ LS 69937
F fernale, BMI body mass BMI (kg/m’) IEI %%?t ig %;.gt ﬁ igg £l s 2774 é‘é
mdex R waist-td hip ratio + + 1. L% L 8+,
 WH P WHR M N935+0042 0971£0.062  0.984+0.024 £.99T+0.048
E 09170079 0.851+0.103  0.855+0.082  0.871+0.080
Sping (L2-1L4) (gfem®) M 0859 +0096 0865+0.147  0.954+(.248 1.084 + .258
F 0887 +0.116 N.ESE+ 0123 3.892+ {3189 1.054 + 8186
T-score spine % | ~280+0,39 —201+1.29 _0R73+0592 0583+ 1.78
F —2.81 +0.98 -2.53+0.71 —220+ 1,58 ~1.23 + 1.49
Femur (total) (gfcm®) M D880 +£0.128 095+ G110  0.943+£{.093 1.085 £ 0,089
E LTYE 0087 07980074 0.842+0.147 U.969 +0.149
T-score femur M -1 66+097 -113£0.718 -0.833+0824 -0.158+0.679
F —1.73 £0.75 —l.66+0.61 -1.29+1.21 —0.331 £1.120

spine ot the femur (total) data (see Table 9) In Saudis,
more females were defined as osteoporotic using the
tmanufacturer’s refereue data as conipared with that of
the Saudi reterence data (Table $) The prevalence of
osteoporosis at the lumbar spine using the manufac-
turer’s reference data was 47.7%, as compared to 30 5%
using the current Saudi reference data (P <0 000)
Similar differences were observed for the femur (total)
7 8% and 4 7% of the females were considered osteo-
porotic using manufacturer’'s and Saudi reference data,
respectively (P <0 000). {Table 10}

Since, there 1s no widely accepted defimtion of oste-
oporosis 1n males, we used the WHO criteria for esting
for ostgop rosis mn the female population. The preva-
lence of ostaoporosis at the lumbar spine m males at 50—
7% years of age was 38 3% and 4% 6% using the manu-
facturer's and the current Saudi reference data, respec-
tively (Table 3). Dafferences were also evident for testing
for osteoporesis at the femur (total): 6.3% and 1.2% of
the males were osteoporotic using the manulacturer’s
and the Saudi reference didta, respectively (P < 0.000)
(Table %)

T-scores were calculated according to body weight
quartiles for Saudis of both sexes (Table 11). The
heawiest subjects exhibited sigmificantly higher 7T-scores

Table 11 The proportion of Saudis aged =50 years with lower than
—2.5 5D, stratified by body welght quartiles and sex

Body weight quartile Females (n=142) Males £r=125)

1 25.6% 15.5%
2 18.1% 15.9%,
3 1.5% 1.6%
4 0.0% (8%

than those for the thinnest subjects, with much higher
prevalence of osteoporosis m the latter than the corre-
sponding former subjects (see Table 11)

Discussion

The present study 15 considered to be the first large-scale
report on reference values on the BMD of the lumbar
spine and the femur (including subregions of trochanter,
Ward's triangle, and neck) in randomly selected healthy
ambulatory Saudis of both sexes of various age groups
(20-79 years) with defined exclusion criterna The chan-
ges 1 lumbar spme and femur BMD values with age m
Saudis showed a similar pattern to that previously re-
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ported for US [11, 27], northern European [28, 29, 30,
31, 32, 33, 34, 35], and Lebanese [36] reference values
The mean values for the lumbar spine BMD 1n both
sexes of Saudis were lower than those reported
previously for US and northern European populations
[11, 27, 28, 29, 30, 31, 32, 33, 34, 35], and Kuwaitis [37],
but similar to those reported for Lebanese males (except
lower in the age groups 4079 years) and femaleg (except
lower in the age groups 60-79 vears) [36]. The mean
BMD values for trochanter, Ward's triangle, and fem-
oral neck subregions were similar to those reported for
the US [11, 27] and northern Europe [28, 29, 30, 31, 32,
33, 34, 35), and higher than those ¢f Lebanese [36] over
the age range 20—4% years, but then, lower values than
those for the US, northern European, and Lebanese
populations were evident over the age range of 50—
7% vears However, Saudi females showed higher values
for the lumbar spime and the femoral subregions than
the corresponding Japanese [38] and Chinese [39] fe-
males (age 20-79 vears). The mean values for femoral
neck BMT) in Saudi males were higher than the corre-
sponding values reported for Lebaness [36], but were
similar to those reported m US and northern European
data [11, 27, 28, 28, 30, 31, 32, 33, 34, 35]. Saudi males
showed similar values for Ward’s (riangle to those of US
and northern Furopean males [11, 26, 27, 28, 26, 30, 31,
32, 33, 34] However, lower temoral trochanter BMD
values over the age group 4069 years were evident 1n
Saudi males as compared with the corresponding values
in US, northern Eurcopean and Lebanese males, but
values smmilar to these of US and northern European
males were achieved by the age g oup 70-79 ysars
[11, 27, 28, 29, 30, 31, 32, 33, 34, 35].

Ape-related bone loss follows different patterns in
each site of the Saudis studied. For the lumbar spine, we
observed little loss m young males (age 2049 years), but
a slight loss {0 3% per year) in the corresponding age-
matched females. and a greater loss of 0.8% per year n
older males and females (age S0-79 years). The three
femoral subregions exhibited different rates of bone loss
according to age in the Saudis studied. In females,
Ward’s tnangle: showed the greatast rate and the tro-
chanter the lowest rate of bone loss Simularly, Saudi
males showed the greatest rate of bone loss 1n Ward’s
triangle with a shght loss at the tréchanter These find-
mmgs are consistent with significantly negative correla-
tions observed between BMD and age mn both sexes
(Tablgs 3 and 4). Although 1 Saudis studied, sigmficant
positive correlations between BMD values from dafferent
sites were observed; nevertheless, Ward’s triangle and
the femoral neck in both sexes, together with the lumbar
sping, appeared to be the most sensitive skeletal sites for
the detection of age-related bone loss in the population
examined. These findings are consistent with those re-
ported previously by Burger et al. [35], Kudlacek et al.
[40], and others [11, 36]. Furthermeres. longitudinal
studies on the rate of bone loss at the lumbar spine and

the femoral subregions have been pubhshed for Amen-
can [4]1, 42], Austrahan [43, 44], and European [45]

]

cohorts Among late postmenopausal and elderly Cau-
casian females, estimates of annual rates of bone loss at
femoral subregions were 0.32-0.95% (total), 0 36—
1 14% {trochanter), 0.35-0.96% (neck) [41, 42, 43, 44,
15] In males, fewer data are available; however, m
Caucasian males, the annual rates of bone loss at fem-
oral neck ranged from 0.06% to 0.82% [43, 44] In
addition, data on the rates for femoral and lumbar spine
loss ranged from 0.39% per year to gains of §.94% per
year, and for males there was a gain at the spine of
0 56% per year [18]. In this connection, methodoelogical
aspects of BMD measurement should be taken into
gonsideration in the mmterpretation of DXA data: elderly
subjects, who are shorter than young ones may have
smaller bones, which augments spuricusly the age-re-
lated decrease mm BMD and tall subjects may have
greater vertebral bodies, particularly ventrodorsal This
will influence the measurements mn that direction, so that
smaller and thinner subjects may be diagnosed to be
mare osteoporotic [46] Techmical difficulties 1in per-
forming DXA are more common 1n the elderly, and
measurement errors may be higher i this group prob-
lems with patient positionmg, patients’ inabihity to
remiain mbtionless for the duration of the scan, and the
presence of radiopaque mmplants in the measurement
are¢as, most commenly in the hip, are further sources of
maccuracy [47]. Further, at the lumbar spine, the
increase of vanabhility depends on the presence of os-
teophytes, aortic caleifications, reactive and degenerative
disk diseases, and osteparthritis which will talsely record
an inaccurate increase in BMD values [48, 49, 50, 51]
Additional causes of inaccuracy m DXA data are the
imabihty to straighten the lumbar spine or mternally
rotate the thigh of an examined subject [47]. Another
source of error 1s the known differences 1n the rates of
loss of bone mimeral content from different skeletal sites
[52], so that the mean differences will differ according to
different sites measured.

Several studies have shown that body weight corre-
lates positively with BMD 1n both sexes [11, 19, 36, 40,
53, 54, 55], which 1s conturrent wath the findingsg 1n the
present study. Moreovér. consistent with previous re-
ports, BM| was found to positively correlate waith BMD
in both sexes [36, 10, 33]. In lact, increasing weight and
BMI are known to be associated with higher bone
density [23, 24, 25, 26, 27], and both lean and lat body
masses appear to affect bone density i most such
studies. However, low body weight was a sigmificant risk
factor for hip tracture in black [56] and Japanese [57] as
well as in Caucasian females [58, 5%, 60] Mechanisms
for this relationship mclude diminmished sex hormone—
binding globulin levels that mcrease free sex sterecid
levels 1in obese females [13], and weight loss acting as a
marker of illness and tragility [61]. In this connection, it
is important to know the limitations of BMD measure-
ments using DXA mn obese subjects, particularly if the
measarements are compheated by sipnificant weight
change BMD values correlated positively with body fat
mass and BMD of the spine will thus be underestimated
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if the amount of overlying fat of the spinal column 1s
higher than that pn either side of the nmbar spine [62,
63]. Reid et al reported that a mean fat thickness dif-
ference of 2 cm resulted in a BMD error of Y-10% [62],
this reached a value as high as 16% in other studies [63]
However, m a small study by Tothill and Pyeg [64],
changes 1n tat distribution during weight loss were
independent of changes in spinal BMD measurement In
the present study, in Saudis, body weight was the
strongest predictor of both femoral and lumbar spine
BMD values (Tables 5, 6, 7, and 8) which is similar to
previous studies, in both males [33, 53, 54] and females
[29, 5§, 56]. However, using stepwise multiple regression
analysis including both weight and height, the tormer
had abeut 24 tunes preater effect on BMD) than the
latter. Body weight prefoundly influenced the percent-
age of subjects with osteoporosis Males (age =50 years)
in the lowetr body weight quartile exhibited almost 1%-
told higher frequency of low BMD with a T-score vahue
below —2.5 8D as compared to the correzponding age-
matched males (age 250 years) in the highest body
weight quartile (Table 11). Similarly, females (age
>30 years) in the 16west body weight quartile exlubited a
25.6% prevalence of osteoporosis as compared to no
osteoporosis 1n the corresponding age-matched females
(age >S50 yearsY in the highest body weight quartile
(Table 11) These observations are similar to those re-
ported previously 1 US females [11], but contrast with
those reports which suggested that body weight had a
slight influence [65, 66]. However, other studies have
indicated that postmenopausal bone loss 1s mmimal in
overweight females, and enhanced m the corresponding
thinnest females [66, 67]. Moreover, analysis of body
weight quartiles showed that the T-scores in the |owest
quartile were more than 1 SD lower than the corre-
sponding T-scores of the highest quartile in both males
and females (P < 0.000). These findings confirm the 1m-
portance of considering body weight in the evaluation of
patignts in relation to the diagnosis of osteoporosis In
this connection, body weight m both males and females
could be used 1m providing guidance to asymptomatic
individuals' imndeed, studies m postmenopausal females
have suggested that females weighing under 60 kg (as
in the present study, i.e., the lowest quartile) would be a
potential candidate for BMD measurement, even 1 the
absence of other risk factors [26, 68]

The BMD wvalues obtained 1m the present study were
exaruned 1 relation to the prevalence of osteopenma
and osteoporosis [t must be emphasized, however, that
the present study was cross-sectipnal with no data spe-
cifically related to fracture risk. Moreover, there 1s
unfortunately no detailled mformation on the rate or
types of fractures m Saudis or m ¢ther populations 1n
the Gulf region, and fature work is urgently nesded in
this connection. Reference BMD values should include
both healthy voung and older subjects n order to
deternune the peak BMD), and, consequently, so that an
accurate estimate of the prevalence of osteopema and
osteoporosis in the population can be determined [69]

In practice, reference ranges have been chosen variously
from adults aged 20-29 or 20-30 years, and at the age
of 50 years, which will influence the apparent prevalence
of osteoporosis [§, 70, 71]. Reference BML) values are
now available for many populations including Dutch
[72], British [73, 74], German [75], French [76], Amen-
can [77], and Australian [78, 79], and several other
European populations [80, 81] Indeed, 1n the present
study, the reference values for BMD in the young
Saudis were 1dentified to bhe in the age range of 20-
35 years (i.e, <35 years). Thus, the T-scores were
calculated accordingly as described in “*Methods" and
presented m Table 2. The results of the present study
strongly support the notion that population-based
varnations ;n BMD values exast [82], which enforces the
need to establish lecal reference BMD values for eagh
population to allow correct mterpre ation of DXA
measurements Thas 1s best 1llustrated by the results of
the present study (see Table 9), which show the wide
discrepancies 1 the percentage of Saudis (age
=50 years} classified with osteopenia or ostedporosis,
when data trom the manufacturer’s database or our
current Saudi data were used for the calculation of
T-scores. This i1s ¢learly seen when DXA data are con-
verted to T-scores for BMD at the lumbar spme and the
femur {Table 2): for example, the use of the manufac-
turer's reference values would classify 44 $% females
with osteoporesis, as compared with only 28 2% when
the Saudi reference values were used, thus overdiag-
nosmg Saudi females with osteoporosis. In addition,
fewer Saudi males (age 250 years) would be classified as
osteoporotic based on the use of the manutacturer’s
reference values than the corresponding Saudi values
(33 2% vs 37.8%), thus underdiagnosing Saudi males
with osteoporosis. The cause(s) of high prevalence of
osieoporosis 1n male Saudis as compared to other
studies [83] is under nvestigation, but genetic, nutri-
tional, endocrine, hfe-style, and environmental factors
[83] could be mvelved; further studies are needed in this
connection In addition munor differences in the refer-
ence data can have important effects on patient classi-
fication; mdeed, Ahmed et al [3] applied two different
normative data sets to their study data and found a
twofold difference in the prevalence of osteoporosis (6%
vs 15%). Moreover, previous studies have reported an
imnappropriately high incidence of ostevporosis when the
T-scores were based on the manufacturer’s reference
data 1n various populations examined, including Span-
ish [17], Turkish [13], Bntish [8], Greek [81], Lebanese
[36], and Austrian [40] populations

In conclusion, the present study shows that Saudis
of both sexes exhibited similar trends in the rates of
bone loss in the lumbar spine and femoral subregions
(trochanter, Ward’s tnangle, and neck) to that ob-
served in Caucasians and Lebanese. However, Saudis
showed lower BMD values at the lumbar spine and
femoral subregions than the corresponding Caucasian
reference values particularly in the older age group (50—
79 years), but higher values than those reported for
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Japanese and Chinese females Body weight was a
significant predictor eof BMD at all skeletal sites
examined and was more important than height 1n
multiple regression analysis The BMI) values obtained
in the present study resulted m higher prevalence of
osteopema (in both males and females) and osteopo-
rosis {in females), but lower prevalence of csteoporosis
in males according to WHQ critera if the manufac-
turer’s reference values rather than Saudi reference
values were used. The overdiagnosis (o females) and

the underdiagnosis {in males) of the prevalence of

osteoporosis in Saudis have obvious c¢linical implica-
tions for therapeutic intervention and prevention
stratepies. These vanations m BMD wvalues among
different populauons necessitate the use of local refer-
ence ranges for rehable and acturate interpretations of
the mdvidual DXA data Such mnformation 1s essential
1if BMD data are used to predict fracture risks [80, 84],
to avoid unnecessary patient anxiety or errors 1in
diagnosis and hence treatment. Accordmgly, a nation-
wide standardization of BMD measurements by DXA
through the appropriate use of population-specific ref-
erence values 1s recommended to improve the quality of
medical care provided mn relation to the prevention and
treatment of Saudis who are at risk of osteoporosis or
are already osteoporotic
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