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Association of breast artery
calcification with coronary artery
disease and carotid intima-media
thickness in premenopausal women

N. Sarrafzadegann,’ F. Ashrafi’ M. Noorbakhsh,” M. Haghighi,” M. Sadeghi,’
F. Mazaheri,” S. Asgari’ and A. Akhavan’
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ABSTRACT This study investigated whether breast arterial calcification (BAC) has an association with
coronary artery diseases (CAD) in young premenopausal women and evaluated the association of BAC
with carotid intima-media thickness and standard CAD risk factors. Among 84 premenopausal women
aged < 55 years who were referred for coronary angiography, 34 (40.5%) had abnormal angiographic
findings and 6 (7.1%) showed BAC in their mammograms. The body mass index of patients with BAC
was significantly higher than those without BAC. BAC had no significant association with angiography-
confirmed CAD.

Association de la calcification des artéeres mammaires a la coronaropathie et a I'épaisseur
intima-média carotidienne chez la femme préménopausée

RESUME Cette étude a cherché a déterminer si la calcification des artéres mammaires (CAM) avait un
lien avec les coronaropathies chez la femme préménopausée et a évaluer son association a I'épaisseur
intima-média carotidienne et aux facteurs de risque de coronaropathie courants. Parmi 84 femmes
préménopausées agées de moins de 55 ans adressées pour une angiographie coronarienne, 34 d'entre
elles (40,5 %) avaient des résultats angiographiques anormaux et 6 autres (7,1 %) présentaient une
CAM a la mammographie. L'indice de masse corporelle des patientes souffrant d'une CAM était
significativement supérieur a celui des autres patientes. Il n’existait pas d’association significative entre
la CAM et la coronaropathie confirmée par I'angiographie.
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Introduction

The prevalence of premature coronary artery
disease (CAD) and its risk factors has been
increasing among Iranian men and women
in recent years [/,2], and finding a noninva-
sive test to predict CAD has become more
important. Carotid intima-media thickness
(IMT) determined by doppler ultrasonogra-
phy is a good predictor of the presence and
severity of CAD [3,4]. With the increase
in the number of women undergoing mam-
mography for breast cancer screening [J],
interest is growing too in the use of breast
artery calcification (BAC) detected by
mammography as a nonivasive indicator for
CAD in women. Mammography for early
detection of breast cancer is recommended
annually for all women aged > 40 years [6],
when the risk of cardiovascular disease also
becomes significant. Some studies have
evaluated the association between BAC and
atherosclerosis in postmenopausal wom-
en and suggested that BAC is associated
with advancing age, hypertension, diabetes
and microvascular chronic complications
[7]. However, few studies have evaluated
the association between BAC and CAD in
young premenopausal women [8].

The aim of this study was to determine
whether BAC detected by mammography,
already used as a screening test, has any
association with the presence of CAD
assessed by angiography in young, premen-
opausal Iranian women. Another objective
was to evaluate the association of BAC with
the carotid IMT and with conventional as
well as novel risk factors of atherosclerosis
in the same population.

Methods

Study design
Women undergoing coronary angiography
to assess for the presence of CAD were

screened for medical history and menopause
status. Women meeting the eligibility crite-
ria and confirmed as premenopausal were
given Doppler ultrasonography to measure
carotid IMT, and mammography to detect
BAC. Risk factors for atherosclerosis were
assessed from questionnaire data, clinical
examination and laboratory tests.

Study setting and sample

All women aged <55 years who were re-
ferred for diagnostic coronary angiography
for CAD in the years 2000-03 were evaluat-
ed. Patients had been referred with a history
of chest pain suspicious for CAD from his-
tory and physical examination. This evalu-
ation was done on 250 women in Chamran
Hospital, the biggest referral cardiac centre
in Isfahan province in the Islamic Republic
of Iran.

All enrolled women were asked to fill
out a personal history questionnaire includ-
ing questions on age, parity, menopausal
status, use of oral contraceptives or hor-
mone replacement therapy and the pres-
ence of cardiovascular disease, parathyroid,
breast, renal and other chronic diseases.
Questions on history of smoking, diabetes,
hypertension and hyperlipidaemia, family
history of cardiovascular disease and use of
medications were included.

Blood samples were obtained from all
250 women. Women were excluded if they
had serum follicle stimulating hormone
(FSH) > 40 TU/dL (i.e. postmenopausal),
serum creatinine level > 1.5 mg/dL, cor-
rected calcium level with albumin > 10.6
mg/dL or a reported history of parathyroid,
renal or breast abnormalities, amenorrhoea
or bilateral oophorectomy.

The remaining 84 premenopausal wom-
en were enrolled in the study and filled out
the consent forms for further investigation.
Age range was 33-54 years.
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Data collection

Clinical data

For each woman, weight, height, waist
circumference and blood pressure were
measured using the World Health Organi-
zation (WHO) standardized protocol [9].
Body mass index (BMI) was computed
as weight (kg) divided by height squared
(m?). Hypertension was defined as systolic
blood pressure (BP) > 140 and diastolic BP
>90 mmHg or the use of antihypertensive
therapy. Diabetes mellitus was defined as
self-reported, physician diagnosed or the
use of antidiabetic agents.

All examinations were done in the
women’s unit at Isfahan Cardiovascular
Research Centre, a WHO Collaborating
Centre.

Laboratory data

Blood samples were taken from all par-
ticipants after a 12-hour fast. Serum total
cholesterol (TC), triglycerides (TG), high-
density lipoprotein (HDL) cholesterol and
fasting blood sugar (FBS) were analysed us-
ing an enzymatic method. Serum lipoprotein
A (Lp(a)) was measured by enzyme-linked
immunosorbent assay (ELISA) method,
plasma fibrinogen was analysed by the von
Clauss method and quantitative C-reactive
protein (CRP) by ELISA methods. Plasma
malondialdehyde (MDA), an antioxidant,
was measured by high-pressure liquid chro-
matography. All analyses were done in the
central laboratory of Isfahan Cardiovas-
cular Research Centre which is standard-
ized against the reference laboratory of the
University Hospital of Leuven in Belgium.
Low-density lipoprotein (LDL) cholesterol
was calculated from the Friedewald equa-
tion [/0].

Metabolic syndrome was defined by
Adult Treatment Panel III criteria as >3
of: FBS > 110 mg/dL, TG > 150 mg/dL,
HDL cholesterol <50 mg/dL (women),

BP >130/> 85 mmHg, waist circumference
>88cm[11]

Cardiac data

Echocardiography: Women were referred
to an expert cardiologist who performed
transthoracic echocardiography and meas-
ured left ventricular mass by the follow-
ing formula [/2]: left ventricular mass
= 1.04 x [(interventricular thickness + left
ventricle diameter + posterior wall thick-
ness) — (left ventricle diameter)] — 13.6

Angiography: Coronary angiography
was performed using Judkins techniques in
standard projections. Subsequently, 3 car-
diologists reviewed the patients’ coronary
angiograms independently to determine
whether they were normal or not. If there
was significant controversy in their inter-
pretation, a 4th cardiologist would review
again. Stenotic lesions more than 50% in
the left main coronary artery and more than
75% in other main epicardial arteries in
angiographies were considered abnormal
and indicative of CAD.

Doppler ultrasound: Carotid IMT
measurements were done by B-mode ultra-
sound using a 7.5 MHz probe by Vingmed
echocardiography machine. An experienced
neurologist measured 6 well-defined arte-
rial wall segments in both right and left
carotid systems: the near wall and far wall
of the proximal 1 cm of the internal carotid
artery, the near wall and far wall of the ca-
rotid bifurcation, beginning at the tip of the
flow divider, and extending 1 cm below
this point and the near and far wall of the
arterial segment, extending 1 cm below the
tip of the flow divider into common carotid
artery. All measurements were recorded 3
times and the mean was used as the measure
of carotid IMT [3,4].

Mammography: All mammograms were
obtained using a Toshiba low X-ray mam-
mography unit and Kodak industrial films

Y'"\c"\)J:J\4ﬁw$|w\c@w\M\M¢bﬂ\dNW\M\



Eastern Mediterranean Health Journal, Vol. 15, No. 6, 2009

[13]. Craniocaudal and lateral views of each
breast were performed. Then all views were
interpreted by a single reading by an expe-
rienced radiologist who was blinded to the
coronary artery angiography and carotid ul-
trasonography results. Mammograms were
interpreted as BAC-positive if BAC was
found on 1 of the 2 standard views in the
right or left breast or both of them. BAC
was defined as continuous and intermittent
parallel tracks or linear tubular calcification
clearly associated with blood vessels [/4].

Statistical analysis

Data were presented as mean and standard
deviation (SD). The statistical analysis was
performed using SPSS, version 13. The
prevalence of BAC was determined and
95% confidence intervals (CI) were calcu-
lated. The clinical parameters in patients
with and without BAC were compared by
the nonparametric Mann—Whitney test for
continuous variables and the chi-squared
test for categorical variables. Taking CAD
as the dependent variable and BAC as the
independent variable in logistic regression
analysis, the association with CAD was
evaluated. In another logistic regression
analysis BAC was taken as the dependent
variable and all other CAD risk factors as
independent variables and odds ratios (OR)
for prediction of BAC were calculated. For
all analysis, a P-value <0.05 was consid-
ered significant.

Results

Abnormal coronary angiographic findings
were observed among 34 (40.5%) of the 84
women. BAC was observed in 6 (7.1%) of
the studied population. The most prominent
risk factors in the total group were: history
of hypertension (59.9%), history of hyper-
lipidaemia (48.8%), positive family history
of CAD (51.8%), obesity (53.9%), diabetes
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mellitus (39.3%) and cigarette smoking
(6.0%).

When the data were analysed by BAC
status, there were no significant differences
between women with and without BAC
(missing values were omitted) regarding
age, smoking, history of hypertension and
hyperlipidaemia, family history of CAD
and the CAD risk factors serum Lp(a),
plasma malondialdehyde, serum CRP and
left ventricular mass. Plasma fibrinogen
level was significantly higher in patients
without BAC (P <0.02) (Table 1). Meta-
bolic syndrome was present in all of the
patients with BAC compared with 74.2% of
patients without BAC, although this differ-
ence was not statistically significant. BMI
was significantly higher among women
with BAC than women without BAC [mean
36.5 (SD 4.1) kg/m? versus 30.7 (SD 5.4)
kg/m?] (P <0.05). Women with BAC had
higher mean common carotid and internal
carotid IMT values than women without
BAC, although the differences were not
significant (Table 1).

Taking CAD as the dependent variable
on logistic regression, there was no sig-
nificant relationship between angiography-
defined CAD and BAC (OR =1.20, 95%
CI: 0.14-4.74, P = 0.80). From all tradi-
tional and novel CAD risk factors only BMI
had a significant relationship with BAC
(OR =0.80, 95% CI: 0.64-0.99, P = 0.04)
(Table 2).

Discussion

The evaluation of CAD in young women is
important. Although the prevalence of CAD
in premenopausal women is low, the case
fatality rates for CAD have been shown to
be higher for younger women [/5]. Despite
increasing interest in gender-specific CAD,
its risk factors and predictors, there is an
apparent paucity of information regarding
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Table 1 Baseline characteristics and risk factors for coronary artery disease in the study

women according to breast artery calcification (BAC) status

Parameter With BAC Without BAC P-value
(n=6) (n=78)
Mean (SD) Mean (SD)
Age (years) 46.6 (1.8) 43.2 (4.7) 0.09
BMI (kg/m?) 36.5 (4.1) 30.7 (5.4) 0.02
Cardiac data
Common carotid IMT (mm) 1.43 (1.72) 0.60 (0.10) 0.13
Internal carotid IMT (mm) 1.20 (1.40) 0.50 (0.16) 0.33
Left ventricular mass (g/m?) 138.5 (44.8) 124.5 (46.7) 0.38
Laboratory data
Total serum cholesterol (mg/dL) 259.2 (66.3) 233.4 (78.0) 0.27
Serum HDL cholesterol (mg/dL) 33.0 (7.6) 36.5(9.7) 0.60
Serum LDL cholesterol (mg/dL) 173.2 (58) 152 (68.8) 0.27
Serum TG (mg/dL) 264 7 (134.9) 224 0(126.4) 0.49
Serum CRP (mg/dL) 1(2.0) 0(1.4) 0.76
Serum Lp(a) (mg/dL) 72 6 (90.0) 42 6 (35.8) 0.98
Plasma malondialdehyde 59.7 (4.7) 58.2 (13.9) 0.83
Plasma fibrinogen (mg/dL) 236.7 (6.0) 329.4 (82.2) 0.02
Clinical history % %
Metabolic syndrome 100.0 74.4 0.30
Diabetes mellitus® 83.3 42.3 0.09
Hypertension® 66.7 43.5 0.40
Hyperlipidaemia® 66.7 474 0.66
Family history of CAD 50.0 39.7 0.68
Cigarette smoker 0.0 3.8 0.84
Oral contraceptive use 0.0 19.2 0.56

aHistory of diabetes or using antidiabetic medication; “history of hypertension or using antihypertensive
medication; °history of hypercholesterolaemia, or using hypocholesterol medication.

SD = standard deviation; BMI = body mass index; TG = triglycerides; HDL = high-density lipoprotein; LDL = low-
density cholesterol; Lp(a) = lipoprotein A; CRP = C-reactive protein; IMT = intima-media thickness; CAD = coronary

artery disease.

younger premenopausal women, because
most studies have underrepresented women
in general and young or premenopausal
women in particular.

There is growing interest in the evalua-
tion of CAD using noninvasive tests. These
include carotid IMT, which is a simple,
noninvasive and reproducible tool to evalu-
ate atherosclerosis and thus predict CAD
[16]. However, IMT is not yet considered a
screening test. Mammography, a relatively
inexpensive test which is increasingly used

as a screening test for breast cancer, may
also be a useful predictive tool for early de-
tection of atherosclerosis among postmeno-
pausal women [8,/7]. Calcified deposits
are a common feature in atherosclerosis.
Several studies have shown that coronary
and aortic calcifications are independently
associated with an increased risk of cardio-
vascular disease [/8]. However, fewer stud-
ies have reported the relationship between
calcium deposits in other vessels, such as
breast arteries, and atherosclerosis [/9-22].
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Table 2 Predictors of breast arterial
calcification by logistic regression analysis

Variable OR 95% Cl P-value
Age 0.77 0.56-1.06 1.00
BMI 0.80 0.64-0.99 0.04
CAD (angiography

defined) 120 0.14-4.74 0.80
Common carotid

IMT 0.05 0.00-0.33 0.51

Internal carotid IMT 0.14
Left ventricular

0.00-13.5 0.40

mass 0.99 0.98-1.01 0.50
Serum CRP 0.96 0.54-1.72 0.89
Serum Lp(a) 0.99 0.97-1.01 0.26
Plasma

0.88-1.11  0.87
0.98-1.12 0.16

malondialdehyde 0.99
Plasma fibrinogen 1.05

Metabolic

syndrome 0.00 - 0.80
Diabetes mellitus 6.91 0.01-1.39 0.09
Hypertension 243 0.06-2.59 0.34

Hyperlipidaemia 213 0.07-2.94 042

Oral contraceptive

use 0.00 - 0.85
OR = odds ratio; Cl = confidence interval; BMI = body
mass index; CAD = coronary artery disease; IMT
= intima-media thickness; CRP = C-reactive protein;
Lp(a) = lipoprotein A.

Our study was undertaken to evaluate the
relationship of BAC with carotid IMT and
angiography-confirmed CAD as well as
the classic and novel CAD risk factors in
young premenopausal Iranian women. To
our knowledge, this relationship has not
been reported in the literature before.

The focus of our study was the asso-
ciations of BAC and CAD among young
women. BAC on mammography may be a
sign of coexisting diabetes mellitus [27],
hypertension [2/] or CAD [6,19-21], which
have a higher prevalence in older women
[79,20]. The increased prevalence of BAC
in older patients with diabetes mellitus,
hypertension and CAD may be related to
the long duration of the disease, as arterial
wall changes seen in elderly patients may

be aggravated by the disease process. This
mechanism led us to select young women
for the present study. Since definitions of
“young” have varied from less than 65 years
old in the Framingham study [23] to 21-30
years old in another study [24], and in order
to adjust for the effect of menopausal status,
we decided to recruit only premenopausal
women.

A significant correlation has been re-
ported between BAC and CAD in women
aged less than 59 years, particularly among
diabetics [8]. This disagrees with our
main finding that BAC had no associa-
tion with angiography-confirmed CAD in
young premenopausal women. However,
we investigated only women confirmed
as premenopausal by their FSH level and
the women were younger on average than
women in the previous report. Further-
more, we found no significant relationship
between age and the presence of BAC in
premenopausal women. Some previous
studies also found no significant positive
relationships between BAC and CAD [22]
or between BAC and CAD risk factors [25].
Some studies have reported on the rela-
tionship between the presence of BAC by
mammography with the amount of coronary
calcium detected by multislice computed
tomography as a predictor for CAD rather
than angiography-confirmed CAD [26].
Our study used angiography confirmation
of CAD, which is the gold standard test for
diagnosing CAD worldwide, and carotid
IMT which indicates arterial stiffness as a
well-recognized predictor of CAD.

Previous studies reported that novel CAD
risk factors such as Lp(a) [27], CRP [28§],
fibrinogen and low levels of antioxidants are
associated with CAD and some with coro-
nary calcification [29,30] but not with BAC,
particularly in young women. The current
study specifically assessed the relationship
of these risk factors with BAC in young
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premenopausal women and also found no
significant relationships. Aside from plasma
fibrinogen, the only factor that was signifi-
cantly associated with BAC was BMI. We
noted that all the patients with BAC suffered
from metabolic syndrome. The finding is
an interesting one in this young population.
Another study found no association between
BAC and BMI [3/], but previous studies
have not addressed the association of BAC
and metabolic syndrome.

An unexpected result in our study was
the 40.5% prevalence of angiography-
confirmed CAD in young premenopausal
patients referred for investigation, which
may be explained by the rising prevalence
of CAD risk factors in Islamic Republic of
Iran [/,2].

There were some limitations in this
study, including the small sample size, the
composition of the study population and

La Revue de Santé de la Méditerranée orientale, Vol. 15, N° 6, 2009

the lack of other radiological data such
as the size, number and location of BAC.
However, there were also some important
strengths. These include the careful baseline
measurements and the laboratory-based
selection criteria for the whole study popu-
lation. Also these correlations have been
studied in young premenopausal women,
while previous studies were mainly done
on postmenopausal, and to a lesser degree
on young, women but not on laboratory-
confirmed premenopausal women.

Acknowledgements

We thank Mrs Zarfeshani and Mr Baharloo
for their enthusiastic effort, and all other
members of the Central Laboratory and
CVD in Women Unit of Isfahan Cardiovas-
cular Research Centre for their assistance.

References

1. Sarraf-Zadegan N et al. The prevalence of
coronary artery disease in an urban popu-
lation in Isfahan, Iran. Acta cardiologica,
1999, 54(5):257-63.

2. Sarraf-Zadegan N, Boshtam M, Rafiei M.
Risk factors for coronary artery disease in
Isfahan, Iran. European journal of public
health, 1999, 9:20-6.

3. Kotsis VT et al. Carotid artery intima-
media thickness could predict the pres-
ence of coronary artery lesions. American
journal of hypertension, 2005, 18(5 Pt
1):601-6.

4. Kablak-Ziembicka A et al. Association of
increased carotid intima-medial thickness
with the extent of coronary artery disease.
Heart, 2004, 90(11):1286-90.

5. Pohls UG et al. Awareness of breast
cancer incidence and risk factors among
healthy women. European journal of can-
cer prevention, 2004, 13(4):249-56.

6. Humphrey LL et al. Breast cancer screen-
ing: a summary of the evidence for the
U.S. Preventive Services Task Force.
Annals of internal medicine, 2002, 137(5
Pt1):347-60.

7. Fuster SMJ et al. Relacion entre las cal-
cificaciones arteriales detectadas por
mamografia y el grado de control y grave-
dad de la diabetes mellitus [Association
between breast arterial calcifications and
degree of control and severity of diabetes].
Medicina clinica, 2004, 122(9):329-33.

8. Moshyedi AC, Puthawale AH, Kurland
RJ. Breast arterial calcifications asso-
ciation with coronary artery disease:
work in progress. Radiology, 1995,
194(1):181-3.

9. Rose GA, Blackburn H. Cardiovascular
survey methods. Geneva, World Health
Organization, 1982.

Y'"\c"\.).)w.s\cﬁw@-‘@\c%ﬂﬂ\@\@&aw}i\dfﬂwubd\



Eastern Mediterranean Health Journal, Vol. 15, No. 6, 2009

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Friedewald WT, Levy RI, Fredrickson DS.
Estimation of the concentration of low-den-
sity lipoprotein cholesterol in plasma, with-
out use of the preparative ultracentrifuge.
Clinical chemistry, 1972, 18:499-502.

Executive Summary of the Third Report of
the National Cholesterol Education Pro-
gram (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment
Panel Ill). Journal of the American Medi-
cal Association, 2001, 285(19):2486-97.

Devereux RB. Detection of left ventricular
hypertrophy by M-mode echocardiogra-
phy. Anatomic validation, standardization,
and comparison to other methods. Hyper-
tension, 1987, 9(2 Pt 2):1119-26.

McDowell G et al. The sensitivity of the
assessment process in screening mam-
mography. Breast, 2002, 11(2):120—4.

lllustrated breast imaging reporting and
data system (BI-RADsTM), 3rd ed. Res-
ton, Virginia, American College of Radiol-
ogy, 1998.

Eaker ED et al. Cardiovascular disease
in women. Circulation, 1993, 88(4 Pt
1):1999-20009.

Holaj R et al. Intima-medial thickness of
the common carotid artery is the signifi-
cant predictor of angiographically proven
coronary artery disease. Canadian jour-
nal of cardiology, 2003, 19:670-6.

Kemmeren J et al. Arterial calcification
found on breast cancer screening mam-
mograms and cardiovascular mortality in
women. The DOM Project. American jour-
nal of epidemiology, 1998, 147(4):333.

Witteman JC et al. Aortic calcification as
a predictor of cardiovascular mortality.
Lancet, 1986, 2:1120.

Topal U et al. Relationship between the
arterial calcification detected in mam-
mography and coronary artery disease.

20.

21.

22.

23.

24,

25.

26.

27.

28.

1481

European journal of radiology, 2007,
63(3):391-5.

Maas A et al. Prevalence and determi-
nants of breast arterial calcium in women
at high risk of cardiovascular disease.
American journal of cardiology, 2004,
94:655-9.

Cetin M et al. Breast arterial calcifications
associated with diabetes and hyperten-
sion. Journal of diabetes and its compli-
cations, 2004, 18:363-6.

Henkin Y et al. Lack of association be-
tween breast arterial calcification seen
on mammography and coronary artery
disease on angiography. Journal of medi-
cal screening, 2003, 10:139-42.

Gordon T, Kennel WB. Premature
mortality from coronary heart disease.
The Framingham Study. Journal of the
American Medical Association, 1971,
215:1617-25.

Underwood DA et al. Symptomatic coro-
nary artery disease in patients aged 21—
30 years. American journal of cardiology,
1985, 55:631-4.

Crystal P et al. Breast artery calcium
on routine mammography as a potential
marker for increased risk of cardiovascu-
lar disease. American journal of cardiol-
ogy, 2000, 86:216—7.

Pecchi A et al. Association of breast arte-
rial calcification detected by mammog-
raphy and coronary artery calcification
quantified multislice CT in a population of
post-menopausal women. La radiologia
medica, 2003, 106(4):305—12.

Foody JM et al. Lipoprotein (a) associ-
ated with coronary artery disease in older
women: age and gender analysis. Athero-
sclerosis, 2000, 153:445-51.

Folsom AR et al. C-reactive protein and
incident coronary heart disease in the
Atherosclerosis Risk In Communities

Y'"\c'(:Jﬂ\cﬁw@-\ﬂe&\«@\ﬂ\w\Mcbfl\éﬂ@@\ﬂe&\



1482

29.

30.

N

La Revue de Santé de la Méditerranée orientale, Vol. 15, N° 6, 2009

(ARIC) study. American heart journal,
2002, 144:233-8.

Folsom AR et al. Association of traditional
and non traditional cardiovascular risk
factors with coronary artery calcification:
ARIC study. Angiology, 2004, 55:613-23.

De S, Searles G, Haddad H. The preva-
lence of cardiac risk factors in women 45
years of age or younger undergoing for

31.

evaluation of undiagnosed chest pain.
Canadian journal of cardiology, 2002, 18:
945-9.

Kataoka M et al. How predictive is breast
arterial calcification of cardiovascular dis-
easeandriskfactorswhenfoundatscreen-
ing mammography? American journal of
roentgenology, 2006, 187(1):73-80.

HINARI Access to Research Initiative

The HINARI Programme, set up by WHO together with major publish-
ers, enables developing countries to gain access to one of the world's
largest collections of biomedical and health literature. Over 6400
journal titles are now available to health institutions in 108 countries,
areas and territories benefiting many thousands of health workers
and researchers, and in turn, contributing to improved world health.
Information on the programme is available in 6 languages, including
English (http://www.who.int/hinari/en/) and Arabic (http:/www.who.int/

hinari/ar/index.html).

/

Y'"\c"\)J:J\4ﬁw$|w\c@w\M\M¢bﬂ\dNW\M\



