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ABSTRACT

This position paper has been written by a multidisciplinary
group of experts appointed by the National Institutes of
Health (NIH). Its aim is to present the state of the art
of knowledge about osteoporosis in Mexico. A review of the
scientific papers in Mexico and information about
diagnostics tools and treatment is discussed along with some
research recommendations for the future.
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Dirección presente y futura

RESUMEN

El presente artículo define la postura y recomendaciones de
un grupo multidisciplinario de expertos de la Coordina-
ción de los Institutos Nacionales de Salud de México en rela-
ción con la osteoporosis como un problema de salud pública
creciente en el país. Para esta publicación se realizó la revi-
sión de la evidencia científica de los datos de impacto de
esta enfermedad, así como de los recursos de diagnóstico y
tratamiento disponibles. Ofrece recomendaciones para futu-
ras investigaciones en el área que permitirán llenar huecos
del conocimiento actual para un mejor entendimiento de los
factores de riesgo, prevención y tratamiento de esta entidad
que apoyen de forma sustancial la optimización de los recur-
sos de la investigación y asistencia y sirvan de marco refe-
rencial para epidemiólogos, tomadores de decisiones y
autoridades en el diseño de futuros programas de salud en-
focados a la osteoporosis y sus complicaciones.
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PREAMBLE

The Commission of the National Institutes of
Health (NIH) in Mexico recently recognized osteo-
porosis (OP) as a public health concern. The head of
the commission formed a multidisciplinary team
from NIH, the Instituto Mexicano del Seguro Social
(IMSS), and the Faculty of Medicine of the Universi-
dad Nacional Autónoma de México (UNAM). This

team was tasked with evaluating the magnitude of
the problem and establishing an agenda to set prio-
rities for research and policy programs that will
evolve into large-scale preventive and interventional
programs for OP and the fractures associated with
it. The team is composed of epidemiologists, clinical
researchers in several specialties related to bone me-
tabolism (rheumatologists, nephrologists, rehabilita-
tion medicine, gynecologists, and orthopedic surgeons,
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the population. Persons with no formal employment,
peasants, and indigenous groups, almost half the po-
pulation, seek health care either at Ministry of
Health facilities or in the private sector. Even at the
Ministry of Health facilities, these individuals fre-
quently have to cover out-of-pocket expenses, main-
ly for drugs or other forms of treatment. As might
be expected, the costs and impact of OP and fragility
fractures greatly differ among the subsystems of this
complex health care system.

To overcome the health care inequities of persons
with no formal education and employment and the
financial consequences for them in the early years of
this decade, the national congress approved a major
constitutional reform to grant the necessary condi-
tions for all Mexican citizens to obtain health equity
services. This mandate led to modifications to the
General Health Law. Based on the mandate, the Mi-
nistry of Health created a funding agency (CNPSS)
to cover the basic health-care needs of the Mexican
population with no social security. This was called
Seguro Popular.4 This public insurance system cu-
rrently covers 1,400 diseases and 275 health inter-
ventions for nearly 50 million beneficiaries.5

The Seguro Popular uses all the types of health-
care facilities mentioned above through agreements
between the Ministry of Health and the other health
systems (private or governmental). However, al-
though the Seguro Popular includes OP detection,
diagnosis, treatment, and surgical repair of osteopo-
rotic fractures, the infrastructure and process for
attention and treatment is not well developed and is
far from being optimal to cover the needs for OP and
fragility fractures.

Background

The study of OP in Mexico was formally initiated
in 1992 when the first association related to the
field was founded: the Mexican Association for Study
of Climatric (AMEC). From then to 1994, AMEC
was the only medical association devoted to the study
of OP; results from its collaborative work with the
National Institute of Public Health were published
and used as a reference for many. In 1994, two orga-
nizations directly involved in OP were founded: the
Mexican Association for Bone and Mineral Research
(AMMOM), a medically oriented organization, which
focuses its efforts on medical education, organizing
different types of activities and holding an annual
scientific meeting, and the Mexican Committee for
Prevention of Osteoporosis, which focuses on OP
awareness by the population, prevention, and early

among others), health economists, and policy deci-
sion-makers. They meet regularly to integrate avai-
lable scientific evidence, synergizing the knowledge
and the resources available in each institution. They
are establishing a feasible work plan that includes
measuring the burden of disease, developing human
resources and infrastructure for timely diagnoses
and treatment, and establishing future directions for
research and development of programs with measu-
rable indicators for intermediate and long-term pe-
riods for prevention, diagnoses, education, and
cost-effective treatment.

INTRODUCTION

Changes in demographic dynamics in Mexico pre-
sent new challenges for health care. The growing
number of elderly and the continuing rise in life ex-
pectancy will have an impact on the incidence of fra-
gility fractures in the coming decades. Worldwide, hip
fractures are projected to increase from 1.2 million in
the 1990s to 2.6 million by 2025 and to 4.5 million by
2050, assuming no change in age- and sex-specific in-
cidence. The vast majority of hip fractures in the
21st century will occur in developing countries; Asia
and Latin America are estimated to be the two regio-
ns that will have the largest increases.1

According to the 2010 census, the national popu-
lation in Mexico in 2010 was slightly over 112 mi-
llion people; according to the National Council
Population projections, it will increase by 8.6% and
14.8% for the years 2020 and 2050 respectively.
When the same estimates are projected for those 50
years and older, the figures increase more steeply:
the current 2010 population for this age group is
over 19 million people, and projections are that it
will increase 57% and 200% for the same periods.2,3

As in many developing countries, the Mexican
health-care system is a mixture of governmental and
private institutions. Three main types of health-care
providers have roughly a similar share of the mar-
ket. They are:

• Social security institutions created for persons
with formal employment and their families.

• Social assistance institutions for persons with no
employment, run by the Ministry of Health.

• Private sector.

The IMSS provides health care for 35% of the
Mexican population; similar social security institu-
tions for government employees (ISSSTE, SEDENA,
PEMEX, SEMAR) provide care for another 18% of
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identification of high-risk populations. Both are affi-
liated as full members to the International Osteopo-
rosis Foundation.

Some consensus documents and guidelines for the
diagnosis and treatment of OP have been elaborated
by AMMOM, AMEC, and other specialty groups such
as endocrinology.6,7 However, even when these con-
sensuses and guidelines could help with diagnosis
and treatment, little is known about their dissemina-
tion and use from health-care providers since they
have not yet been evaluated. The same problem arose
when the official norm was published in 2002 for di-
seases for the perimenopausal and climateric periods:
OP in women is mentioned, but information about
these conditions has not been disseminated adequate-
ly or followed by an official clinical guideline.8

This position paper summarizes what it is known
in this field in Mexico, presents what resources we
have, and sets up a meaningful agenda to help health
authorities allocate resources needed for OP and
fragility fractures according to the needs in three
different strategic areas:

• OP burden and health economics approach.
• Diagnoses, patient-oriented health care, and

clinical guidelines.
• Prevention and public health policies.

Each area contains specific recommendations and
directions for future research. This position paper
could also be used by researchers in other countries
in the developing world to direct their efforts and
infrastructure planning.

OSTEOPOROSIS
BURDEN AND ECONOMIC APPROACH

Epidemiology of OP in Mexico

Epidemiological studies have recently reported on
the burden of hip and vertebral fractures in Mexi-
co.9,10 It is estimated that 1 in 12 Mexican women
and 1 in 20 Mexican men will have a hip fracture af-
ter the age of 50 (lifetime risk probability of 8.5 and
3.8%, respectively).11 Compared to other countries,
Mexico shows intermediate hip fracture incidence
rates12 (age-standardized incidence rates of 203 and
108 per 100,000 person years in women and men,
respectively). However, the absolute number of hip
fractures in the Mexican population has been in-
creasing and is expected to increase even more in
the next decades due to increased life expectancy
and the consequent aging of the population.

Accordingly, data from the Division of Informa-
tion in Health at IMSS show the age-specific inci-
dence increased significantly in both sexes by 1%
per year. In 2005, there were an estimated 29,732
hip fractures in Mexico. Assuming no change in
the age- and sex-specific incidence of hip fractures, the
number will increase to 155,874 by the year 2050.
But assuming that the age-specific incidence conti-
nues, the number of hip fractures in men and wo-
men would increase by a further 46% to 226,886 in
2050.9

Vertebral fracture prevalence rates for Mexicans
over 50 years of age are 19.2% for women and 9.8%
for men.13,14 The figure for women is the highest in
Latin American countries and very similar to what
is found in women from Asian and some European
countries. There is limited information regarding
the incidence of other fragility fractures that usually
do not require hospitalization. However, the IMSS
fracture registry show that in 2005, wrist fractures
were the most common reported fracture in persons
aged 50 and older, followed by hip, humerus, and
pelvis fractures. As in many countries, vertebral
fractures are largely undiagnosed and therefore un-
derrepresented in this registry.

OP prevalence has been measured in some
studies.15 A recent study was carried out in a com-
munity-wide random sample of 820 men and women
with bone mineral density (BMD), performed by cen-
tral DXA, and using the World Health Organization
(WHO) operational criteria for OP. A prevalence of
OP at the lumbar spine of 9% of men and 17% of wo-
men was found in this survey, whereas 30% of men
and 43% of women had osteopenia. At the femoral
neck, OP was found in 6% of men and 16% of wo-
men, and osteopenia in 41% men and 56% of women
in the same sample.16

Epidemiological studies in the Mexican population
indicate that fragility fractures and OP are frequent
conditions among the elderly and an imminent
threat for the health system in the near future as
our population continues to age and its life expec-
tancy continues to increase.

In 2008, the WHO implemented the fracture risk
assessment tool FRAX®17 to evaluate the absolute
fracture risk of individual patients based on clinical
risk factors. Additionally, if available, the BMD at
the femoral neck can be introduced to the model to
enhance its prediction to the risk. This simple ins-
trument allows identification of high-risk groups
through a cost-effective case-finding strategy. Thus,
it is useful to primary-care physicians, the first level
of those attending patients; however, it is also a
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useful tool for specialists. The Mexican model has
been available since 2010, so anyone can access it
through the Internet (http://www.shef.ac.uk/FRAX).
Two things are still needed to take advantage of the
Mexican model of the FRAX® tool. First, we have to
develop a cost effectiveness analysis with our speci-
fic needs to set the threshold for deciding which
patients to treat. Second, we have to initiate a pro-
gram that informs primary-care physicians about
the importance and use of this tool.

The information is now restricted to some types
of fractures. Mexico must develop a national regis-
try of fragility fractures, which would provide more
detailed incidence and mortality figures with regard
to types of fractures, age groups, and regions. Also
needed are large-scale epidemiological studies to de-
termine the prevalence of OP and vertebral fractu-
res, the status of vitamin D, determination of the
quality of life of persons who have suffered OP-rela-
ted fractures, and assessments of the role of envi-
ronmental and genetic risk factors on the etiology of
OP and their consequences.

Health economics approach

OP has serious physical, psychosocial, and finan-
cial consequences, placing a significant burden on
individuals, their families, and society as a whole.18

Osteoporotic fractures are associated with pain and
loss of well-being; they typically entail a number of
serious complications and disabilities, which, in
turn, lead to enormous expense and often death.18-20

The socioeconomic burden of OP and related fractu-
res is expected to further increase due to the aging
of the population.21

Cost of illness (CoI) analysis is a descriptive me-
thod to assess the amount of both resources consu-
med and resources potentially lost because of a
particular disease or a group of diseases, attempting
to identify and measure all cost components. Along
with epidemiological data on morbidity and mortali-
ty, CoI may help in ranking diseases according to
global burden.22

Few CoI analyses for OP and fragility fractures
have been conducted in Mexico. In a population-ba-
sed study, Clark, et al.23 estimated that the direct
medical cost of diagnosis and one-year treatment for
a patient with OP ranges from US$ 595 to US$
2,236. This amount included the cost of DXA measu-
rements, laboratory bone-markers, and image tests
performed during diagnosis and follow-up as well as
the average yearly pharmacological treatment for
275 patients.

The economic burden related to acute medical at-
tention of different osteoporotic fractures at govern-
mental institutions and private settings in Mexico
has been published. For 2006, total direct and indi-
rect costs incurred during the acute event of hip
fractures in Mexico were estimated to be more than
US$ 97 million. This figure is comparable to the ex-
penses incurred in 2005 for covering the cost of in-
sulin for one million insulin-dependent diabetics
across the country, and was based on the occurren-
ce of about 22,000 hip fracture cases, with a global
cost of US$ 4,365.50 per case.23 The average cost of
acute treatment for a hip fracture differs according
to the type of institution where the patient receives
medical attention, ranging from US$ 1,613 (for tho-
se treated at a public institution) to US$ 13,778 (for
those treated at a private hospital).23

A recent publication estimated a direct medical
cost of US$ 3,315 for acute treatment of hip fractu-
re cases in the Seguro Popular de Salud.24 By combi-
ning the proportional distribution of three
Diagnosis Related Group (DRG) reported by Velasco-
Murillo, et al.25 with the most recent technical costs
of these DRG at IMSS,26 the weighted average cost of
a hip fracture in this institution during 2008 was
around US$ 9,500 per case. A fourth study focused
on different types of fractures attended at a tertiary
hospital of IMSS. The estimated cost of acute treat-
ment by case (all 2000 year values) was US$ 3,333
for hip fractures, US$ 2,063 for forearm and hand
fractures, and US$ 4,180 for knee fractures.27

There is little information on the medical and
non-medical costs of follow-up for osteoporotic frac-
tures. However, a protocol to estimate the costs and
health-related quality of life associated with diffe-
rent types of osteoporotic fracture in a sample of
Mexican patients followed since the time of fracture
to a maximum of 18 months post-fracture has been
funded by CONACyT (National Council for Science
and Technology). This study is part of ICUROS (In-
ternational Costs and Utilities Related to Osteopo-
rotic Fractures Study) and will allow us to compare
our data with those from other countries using a
common methodology.

Economic evaluations provide important informa-
tion about the value of alternative therapies that
may assist decision makers seeking to allocate limi-
ted resources to achieve maximum health-care bene-
fits.28 Economic factors are important when
justifying allocation of health-care resources and
identifying patients to receive drugs used for
the treatment and prevention of chronic medical
problems such as OP.29



187Clark P, et al. Epidemiology of osteoporosis in Mexico.        I v t i   n   Rev Invest Clin 2013; 65 (2): 183-191

International evidence shows that OP screening
and treatment is a cost-effective intervention for
most available drugs, especially for postmenopausal
women at moderate or high risk.28,30-32 Virtually all
evidence on cost-effective analysis of OP medication
was derived in high-income countries.33 It is impor-
tant that health economics studies be done in deve-
loping countries, where health problems are far
greater than available resources. Well-designed eco-
nomic evaluations are mandatory to help decision
makers and health authorities make meaningful de-
cisions about how and where to allocate budgets for
OP and fragility fractures and to set priorities
among other health threats that the Mexican popu-
lation is facing.

As previously stated, the absolute fracture risk is
more important in determining cost-effectiveness
than is the relative risk.29,34 Therefore, the use of
instruments such as FRAX® for developing manage-
ment algorithms for OP is becoming widespread.31,35

Cost-effectiveness analysis to set up the intervention
thresholds for OP management is the next step, sin-
ce the FRAX® instrument is already calibrated to be
used with the Mexican population.

Future research and recommendations

A special effort must be made to:

• Gather current statistics for the number of frac-
tures and common sites and the direct and indi-
rect costs related to fragility fractures, quality of
life, types of disability, and death rates in affec-
ted individuals.

• Estimate disability adjusted life years (DALY)
lost due to OP and its fractures; develop sound
economical modeling studies to estimate the bur-
den of this entity in Mexicans to help the govern-
ment prioritize this health condition and allocate
the resources needed to treat and prevent OP.

• Determine the absolute risk of fractures in Mexi-
cans through the WHO FRAX® tool and conduct
a case-finding strategy and cost-effectiveness
analysis to help Mexican authorities set up rea-
sonable treatment thresholds for the Mexican po-
pulation.

CLINICAL GUIDELINES FOR PREVENTION,
EARLY IDENTIFICATION, DIAGNOSIS,

TREATMENT, AND PATIENT CARE

During the last 20 years, criteria to classify an
initial BMD result obtained by DXA of an individual

person were established in 1994 by the WHO. The
use of a T-score of -2.5 SD below the mean of the re-
ference population has been adopted worldwide as
the gold standard. These criteria were frequently mi-
sused: They were validated only for central DXA
equipments, but were also used to classify results
obtained with peripheral devices and for other pur-
poses such as case-finding strategies, diagnoses, as a
treatment threshold to set up pharmacological inter-
ventions, or as an entry criterion for pharmacologi-
cal studies.

During the last decade, well-designed epidemiolo-
gical studies and meta-analyses have shown the im-
portance of clinical risk factors being powerful tools
to predict the probability of fracture in an indivi-
dual. New, robust, and scientifically validated algo-
rithms developed by the WHO expert panel combine
central DXA BMD results with clinical risk factors.
These algorithms provide more accurate assess-
ments of fracture probability using the absolute risk
of fracture over a period of 10 years. Many countries
have been changing their guidelines to incorporate
these new algorithms in order to become more effi-
cient in selecting the high-risk groups that need to
be treated.28,31,36 This approach will redirect how in-
frastructure and resources should be allocated from
the public health perspective. The calculation will
also be useful at the individual patient-care level.

The strategy will help us define more accurately
the size of the problem and the infrastructure and
human resources required. Through evidence-based
studies, we will be able to select the treatment op-
portunities and prevention programs for our
population’s bone health.

There are insufficient clinical care units or cen-
ters focused in metabolic bone diseases (MBD) and
OP. This is partly because our public health system
had not included MBD and OP in its priorities. The-
refore, available resources for diagnosis and treat-
ment are limited to research centers and private
practices and do not cover the needs of the general
population, even in the tertiary health institutions.

The first Whole Body DXA instruments were in-
troduced in Mexico in the early 1990s when just a
few private laboratories were able to determine bio-
chemical markers of bone turnover. The situation
has improved, and although it is still insufficient to
cover the country’s needs, the medical community
now has access to the following validated equipment
to determine bone mass:

• Dual photon, low energy x-ray bone absorptio-
metry (DXA) represented by the central whole
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body, spine, and femur as well as peripheral ana-
tomical sites equipments.

• Quantitative bone ultrasound (QUS).
• Quantitative bone X-ray computed tomography

(BQTc).
• Non-mineralized quantitative, dynamic bone

histomorphometry (BHM).

Most of these diagnostic capabilities are restricted
to some private and public health institutions or to
some research facilities. Several peripherical devices
are also available.

In the case of central DXA, the gold standard for
the diagnosis of OP, a recent survey with the distri-
butors of the two more common DXA whole body or
two regions (lumbar and hip) equipments revealed a
total of 397 instruments sold to private or public
health facilities since their inception in 1990, of which
apparently only 300 are in use. Thus, there are
around 1.8 to 2.3 pieces of DXA equipment per mi-
llion people over 50 years of age. This number is
insufficient to cover the needs of the general popula-
tion, not to mention the imbalance in the allocation
of this resource. The majority of Mexicans go to
public health facilities where the DXA equipment is
scarce (only 15% has been sold to public health
institutions). If we accept the recommendation made
for Europe in 2005 by Kanis,37 Mexico, with a
current population of 112 million people, should
have at least 1,190 DXA instruments and optimal
almost 1,600. A second problem that we face with
this technology is the lack of official regulatory
rules and too few qualified technicians who can use
this diagnostic tool.

The picture is also poor when we look at the abi-
lity of determining biochemical markers of bone
turnover, calciotropic hormones, Vitamin D3 and
its metabolites, the numerous citokynes, and prosta-
glandins involved in bone turnover. They are deter-
mined in numerous private clinical laboratories and
in only a few public institutions. We have only one
center with updated technology to perform bone
histomorphometry in iliac crest biopsies, which is
accepted internationally as the gold standard techni-
que for specific diagnosis of MBD. This laboratory,
located at one national institute of our public health
system, is predominantly devoted to research and
has enough capacity to solve the cases in which this
diagnostic methodology has a clinical indication.

In the last two decades, growing scientific eviden-
ce shows that the majority of cases of primary OP
have polygenic and multifactorial genetic determi-
nants modulated by different hormonal and environ-

mental factors. Many of these genes are responsible
for the bone phenotype, contributing to the genetic
control of bone mineral density (BMD), bone turno-
ver, skeletal dimensions, bone microarchitecture, os-
seous fragility, femoral neck geometry, and fracture
risk. Familial and twin studies suggest that between
50% and 85% of the variance in peak bone mass is
determined genetically as is increased risk of fragili-
ty fractures independently of bone mineral density.

Several international studies have investigated
the association between polymorphisms potentiality
related with genetic predisposition to OP and fractu-
re risk in different anatomic regions (spine, hip, and
distal forearm). These genes included: ESR1, ESR2,
VDR, CT, CALCR, IL6, COL1A1, LRP5, RANK,
RANK-L among others.38-41

Recent genetic studies in Mexican population sug-
gest a relationship between polymorphisms localized
in CT, ESR1, IL6, and COL1A1 genes.42-44 Although
these results are preliminary, these findings have
the potential to become useful markers for detecting
subjects at higher risk of OP, for whom measures of
early prevention and opportune treatment should be
indicated. Another future promising application of
genetic studies is pharmacogenomics research. This
research makes it possible to design new genetically
targeted therapeutic options and develop a genetic
prognostic test for OP.

In sum, Mexico has up-to-date technology and
equipment for diagnosis and follow-up patients with
OP and/or MBD. However, these resources are
clearly insufficient, unevenly distributed, and unre-
gulated by the health authorities. Therefore, there
is no universal access to timely diagnosis and oppor-
tune treatment. Our group recommends strongly de-
velopment of a joint strategy in which the research
community, the public, and private health institutio-
ns collaborate with industrial developers to define
the infrastructure needed to give the whole popula-
tion access, quality assurance, and cost-effective re-
sults for OP diagnosis and treatment.

Future research and recommendations

• The infrastructure for prevention, diagnosis, and
treatment of OP, fragility, fractures, and other
less-frequent MBD is clearly insufficient. There is
a need to allocate economic and human resources
to develop this infrastructure.

• We need to increase the number of DXA machi-
nes to cover the needs of the elderly and to dis-
tribute them wisely within governmental
institutions.
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• Better detection, treatment opportunities, and
education programs need to be facilitated for pri-
mary-care physicians.
Special programs have to be implemented to help
clinicians detect vertebral fractures since timely
diagnosis and treatment will prevent other fragi-
lity fractures in the elderly.

• There is a need to expand the genetic investiga-
tions for identification of new genes related to
bone metabolism in Mexicans. This will allow
better understanding of some aspects of bone
metabolism not yet entirely explored. This
knowledge will eventually drive us to open
newer therapeutic windows for treatment of
this disease.

Prevention and
Public Health Programs

Currently, there is no organized large-scale go-
vernment program in Mexico to prevent OP and its
fractures in adults or to maximize peak bone mass
in children and adolescents through aggressive pro-
motion of healthy life-styles (physical activity, ade-
quate diet, and reduction and avoidance of smoking
and alcohol). Vitamin D deficiency is a recognized
epidemic in several counties, but there have not
been any published studies about it for Mexico. Re-
garding the nutritional status of calcium, there are
some isolated reports about Mexicans in which the
average calcium intake in children and adults is su-
boptimal.45,46

Although Mexico lacks an inventory of both pu-
blic and private health-care facilities for OP diagno-
sis, treatment, and rehabilitation, experts agree that
OP health care is mainly directed at diagnosis, with
limited access to treatment and rehabilitation.
Although medical schools have no formal OP educa-
tional programs, AMMOM has generated a virtual
advanced course in OP and metabolic bone diseases
from which 35 doctors have graduated over a 6-year
period.

Most interested physicians have access to the ba-
sic diagnostic methodology around the country.
However, we need to expand the number of sites as
well as develop standardization procedures and crea-
te our own regulatory criteria. These will facilitate
the allocation of government funds to finance the
different actions involved in the health care for
OP. In addition, most well-recognized treatment op-
tions for OP are available in Mexico but, because of
lack of funding, they are not accessible to most
high-risk people.

Future research
and recommendations

• Carry out more research on vitamin D and cal-
cium status in Mexicans to better estimate the
extent these nutritional supplements are needed
in older Mexicans.

• Increase awareness and education programs for
consumers and health professionals using as
many avenues as possible to reach as many
people of influence as possible (medical centers,
periodicals, newspapers, government depart-
ments, business community groups, and media
campaigns).

• Increase awareness of OP at all levels (authori-
ties, physicians, and the general public).

• Allocate resources to fund large-scale research
projects that are evidence based and provide
tools for early identification, recognition, and
post-fracture treatment and management of
OP both by the health-care profession and the
community.

We should promote continuity in the areas where
OP research is currently being done and synergize
the available resources to build up a critical mass of
researchers to integrate new teams who can work
with the current ones.

Finally, we should promote prevention programs
to build bone mass through promotion of healthy
life-styles, increase education about OP at all levels
of education and training, and generate the infras-
tructure needed for timely diagnosis and treatment.
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Advisor to the Minister of Health. Director,
Mexican Committee for Prevention of Osteoporo-
sis.

• Margarita Valdes Flores, MD, PhD. Depart-
ment of Genetics, Instituto Nacional de Rehabili-
tación, SS.

• Rafael Velázquez Cruz, PhD. Associate Re-
searcher, Instituto Nacional de Medicina Genó-
mica. SS.

• Francisco Velásquez Forero, MD, PhD. Head
of the B.M.D. laboratory. Hospital Infantil de
México Federico Gómez, National Institutes of
Health and Faculty of Medicine, UNAM.

REFERENCES

1. Gullberg B, Johnell O, Kanis JA. World-wide projections for
hip fracture. Osteoporos Int 1997; 7(5): 407-13.

2. C O N A P O .  h t t p : / / w w w . c o n a p o . g o b . m x / i n d e x . p h p ?
o p t i o n = c o m _ c ontent&view=article&id=36&Itemid=234;
2009.

3. Anuario Estadístico de los Estados Unidos Mexicanos. 2010.
Disponible en: www.inegi.org.mx

4. Frenk J, Sepulveda J, Gomez-Dantes O, Knaul F. Evidence-ba-
sed health policy: three generations of reform in Mexico. Lan-
cet 2003; 362(9396): 1667-71.

5. Gobierno Federa l .  Quinto  Informe de  Gobierno.
h t tp : / /quin to . informe.gob.mx/  y  h t tp : / /www.seguro-
p o p u l a r . s a l u d . g o b . m x / i m a g e s / c o n t e n i d o s / C a u s e s /
catalogo_2010.pdf [Accessed June 06, 2012].

6. Reza A, Vergara L, Mendoza Z, et al. Osteoporosis. Posición
de la Sociedad Mexicana de Nutrición y Endocrinología. Rev
Endocrino y Nutr 2004; 12(3): 123-63.

7. AMMOM. Consenso Mexicano de Osteoporosis. Rev Invest
Clin 2001; 53(5): 469-95.

8. Gobierno del Estado de Guanajuato. Normas. 2012. Disponi-
ble en: www.guanajuato.gob.mx/ssg/prescripcion/normas/
035SSA202.pdf

9. Johansson H, Clark P, Carlos F, Oden A, McCloskey EV, Ka-
nis JA. Increasing age- and sex-specific rates of hip fracture in
Mexico: a survey of the Mexican institute of social security.
Osteoporos Int 2011; 22(8): 2359-64.

10. Clark P, Carlos F, Vázquez-Martínez J. Epidemiology, costs
and burden of osteoporosis in Mexico. Arch Osteoporosis
2010.

11. Clark P, Lavielle P, Franco-Marina F, et al. Incidence rates and
life-time risk of hip fractures in Mexicans over 50 years of age: a
population-based study. Osteoporos Int 2005; 16(12): 2025-30.

12. Bacon WE, Maggi S, Looker A, et al. International comparison
of hip fracture rates in 1988-89. Osteoporos Int 1996; 6(1):
69-75.

13. Clark P, Cons-Molina F, Deleze M, et al. The prevalence of ra-
diographic vertebral fractures in Latin American countries: the
Latin American Vertebral Osteoporosis Study (LAVOS). Os-
teoporos Int 2009; 20(2): 275-82.

14. Clark P, Cons-Molina F, Deleze M, Talavera JO, Palermo L,
Cummings SO. The prevalence of radiographic vertebral frac-
tures in Mexican men. Osteoporos Int 2009.

15. Deleze M, Cons-Molina F, Villa AR, et al. Geographic diffe-
rences in bone mineral density of Mexican women. Osteoporos
Int 2000; 11(7): 562-9.

16. Clark P, Ragi S, Delezé M, Mühlen Dv, Barrett-Connor E. The
prevalence of low bone mineral density in a random sample of
Mexican women and men 50 years and older. A population
study. J Clin Densitom 2006; 9(2): 234-234.

17. Kanis JA on behalf of the World Health Organization Scientific
Group. Assessment of osteoporosis at theprimary health-care
level. Thechical Report. World Health Organization Collabora-
ting Centre for Metabolic Bone diseases, University of She-
ffield, UK. 2007 [Printed by the University of Sheffield].

18. Lorrain J, Paiement G, Chevrier N, et al. Population demogra-
phics and socioeconomic impact of osteoporotic fractures in
Canada. Menopause 2003; 10(3): 228-34.

19. Lips P, van Schoor NM. Quality of life in patients with osteo-
porosis. Osteoporos Int 2005; 16(5): 447-55.

20. Rabenda V, Manette C, Lemmens R, Mariani AM, Struvay N,
Reginster JY. Prevalence and impact of osteoarthritis and os-
teoporosis on health-related quality of life among active sub-
jects. Aging Clin Exp Res 2007; 19(1): 55-60.

21. Johnell O. The socioeconomic burden of fractures: today and
in the 21st century. Am J Med 1997; 103(2A): 20S-25S; dis-
cussion 25S-26S.

22. Tarricone R. Cost-of-illness analysis. What room in health eco-
nomics? Health Policy 2006; 77(1): 51-63.

23. Clark P, Carlos F, Barrera C, et al. Direct costs of osteoporosis
and hip fracture: an analysis for the Mexican healthcare sys-
tem. Osteoporos Int 2008; 19(3): 269-76.

24. Carlos F, Clark P, Maciel H, Tamayo JA. Direct costs of osteo-
porosis and hip fracture: an analysis for the Mexican Social In-
surance Health Care System. Sal Pub Mex 2009; 51(Suppl. 1):
S108-S113.

25. Velasco-Murillo V, Navarrete-Hernández E, Pozos-Cavanzo
JL, Ojeda-Mijares RI, Camacho-Rodriguez Mde L. Fractures in
postmenopausal women in the IMSS: frequency and costs of
hospital care. Gac Med Mex 2003; 139(5): 453-8.

26. Zambrana M, Zurita B, Ramírez TdJ, Coria I. Gasto hospitala-
rio de cinco patologías de alto impacto económico. Rev Med
Inst Mex Seguro Soc 2008; 46(1): 43-50.

27. Cruz G, Cisneros D, Salazar P, Tejeida L. Costos instituciona-
les y dificultades en la atención de los pacientes con fracturas
por osteoporosis. Acta Ortop Mex 2002; 16(6): 292-5.



191Clark P, et al. Epidemiology of osteoporosis in Mexico.        I v t i   n   Rev Invest Clin 2013; 65 (2): 183-191

28. Tosteson AN, Melton LJ 3rd, Dawson-Hughes B, et al. Cost-
effective osteoporosis treatment thresholds: the United States
perspective. Osteoporos Int; 2008; 19(4): 437-47.

29. McClung M. The clinical and epidemiologic consequences of
redefining treatment criteria: who should be treated? Sal Pub
Mex 2009; 51(Suppl. 1): S46-S51.

30. Borgstrom F, Johnell O, Kanis JA, Jonsson B, Rehnberg C. At
what hip fracture risk is it cost-effective to treat? International
intervention thresholds for the treatment of osteoporosis. Os-
teoporos Int 2006; 17(10): 1459-71.

31. Kanis JA, McCloskey EV, Johansson H, Strom O, Borgstrom F,
Oden A. Case finding for the management of osteoporosis with
FRAX—assessment and intervention thresholds for the UK.
Osteoporos Int 2008; 19(10): 1395-408.

32. Goeree R, Blackhouse G, Adachi J. Cost-effectiveness of alter-
native treatments for women with osteoporosis in Canada. Curr
Med Res Opin 2006; 22(7): 1425-36.

33. Fleurence RL, Iglesias CP, Johnson JM. The cost effectiveness
of bisphosphonates for the prevention and treatment of osteo-
porosis: a structured review of the literature. Pharmacoecono-
mics 2007; 25(11): 913-33.

34. Seeman E, Eisman JA. 7: Treatment of osteoporosis: why,
whom, when and how to treat. The single most important con-
sideration is the individual’s absolute risk of fracture. Med J
Aust 2004; 180(6): 298-303.

35. Tosteson AN, Burge RT, Marshall DA, Lindsay R. Therapies
for treatment of osteoporosis in US women: cost-effectiveness
and budget impact considerations. Am J Manag Care 2008;
14(9): 605-15.

36. Fujiwara S, Nakamura T, Orimo H, et al. Development and
application of a Japanese model of the WHO fracture risk as-
sessment tool (FRAX). Osteoporos Int 2008; 19(4): 429-35.

37. Kanis JA, Johnell O. Requirements for DXA for the manage-
ment of osteoporosis in Europe. Osteoporos Int 2005; 16(3):
229-38.

38. Arden NK, Baker J, Hogg C, Baan K, Spector TD. The herita-
bility of bone mineral density, ultrasound of the calcaneus and
hip axis length: a study of postmenopausal twins. J Bone Mi-
ner Res 1996; 11(4): 530-4.

39. Slemenda CW, Turner CH, Peacock M, et al. The genetics of
proximal femur geometry, distribution of bone mass and bone
mineral density. Osteoporos Int 1996; 6(2): 178-82.

40. Johnston CC Jr., Slemenda CW. Determinants of peak bone
mass. Osteoporos Int 1993; 3(Suppl. 1): 54-5.

41. Duncan EL, Brown MA. Clinical review 2: Genetic determi-
nants of bone density and fracture risk-state of the art and fu-
ture directions. J Clin Endocrinol Metab; 2010, 95(6): 2576-87.

42. Magana JJ, Gómez R, Cisneros B, et al. Association of the CT
gene (CA) polymorphism with BMD in osteoporotic Mexican
women. Clin Genet 2006; 70(5): 402-08.

43. Magana JJ, Gómez R, Cisneros B, Casas L, Valdes-Flores M.
Association of interleukin-6 gene polymorphisms with bone
mineral density in Mexican women. Arch Med Res 2008;
39(6): 618-24.

44. Falcon-Ramirez E, Casas-Avila L, Miranda A, et al. Sp1 poly-
morphism in collagen I alpha1 gene is associated with osteopo-
rosis in lumbar spine of Mexican women. Mol Biol Rep;
38(5): 2987-92.

45. Clark P, De la Pena F, Gomez Garcia F, Orozco JA, Tugwell P.
Risk factors for osteoporotic hip fractures in Mexicans. Arch
Med Res 1998; 29(3): 253-7.

46. Vivanco-Muñoz N, Reyes-Sánchez M, Lazcano E, Díaz R, An-
túnez O, Clark P. Physical activity is a prognostic factor for
bone mineral density in Mexican children. Bol Med Hosp
Infant Mex 2012; 69(1): 40-5.

Correspondence and reprint request:

Patricia Clark, M.D.
Unidad de Epidemiología Clínica
Hospital Infantil de México Federico Gómez
Dr. Márquez, Núm. 162
Col. Doctores
06720, México, D. F.
E-mail: patriciaclarkmx@gmail.com,
patriciaclark@prodigy.net.mx

Recibido el 23 agosto 2012.
Aceptado el 14 de febrero 2013.


